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Souhrn

Diserta¢ni prace se zabyva moznostmi vyuziti vypocetnich metod v chovu koni.
Predkladana préce je rozdélena do dvou casti. Tou prvni je literarni reSerSe a druha je
rozdélena do Ctyi podkapitol, které obsahuji originalni publikace a vysledky vlastni
vyzkumné prace.

Prvni studie byla zaméfena na vytvofeni vzorce pro odhad hmotnosti
teplokrevnych koni s vyuzitim télesnych rozméri. V rdmci prace bylo zméfeno
a zvazeno 524 teplokrevnych koni ve véku od 97 do 1290 dnt a byli rozdé€leni do 4
vekovych kategorii. Vysledny vzorec byl prokdzan jako nejvhodnéjsi pro teplokrevné
koné v porovnani se vzorci dalSich autort (p-hodnota < 0,001). Byly v ném vyuzity 4
parametry, které nejtésnéji korelovaly s hmotnosti koni, a to délka téla (DT), obvod
hrudniku (OH), vy§ka hrudni kosti (VHK) a predni $itka panve (PSP), ktera se mé&ii
mezi zevnimi hrboly ky¢elnimi. Z téchto ¢tyi parametrti byl vytvotfen vzorec

[(2+VHK*OH)*2xDT?+PSP]
10 000 000

pomocna hodnota =

hmotnost = koefcient_1 * pomocna hodnota + koeficient_2

Hodnoty koeficientu pro koné¢ ve véku do 365 dni: koeficient 1 = 4,46;
koeficient 2 = 91,12; pro vék od 365 do 650 dnu: koeficient 1 = 3,83;
koeficient_2 = 135,87; pro vék od 651 do 950 dnii: koeficient 1 = 3,60; koeficient_2
= 168,09; pro veék nad 950 dnui: koeficient 1 = 3,23; koeficient_2 = 221,55.

Druhé studie se zabyvala aktualizaci riistové kiivky teplokrevnych hiebctl, kterd
je vyuzivana v Ceské republice pfi jejich tiidéni. Celkem bylo provedeno 7488 méfeni
u 117 teplokrevnych hiebct ve véku od 7 do 36 mésicii. K sestaveni ristového modelu
byla zvolena Brodyho funkce, ze které vychazi aktualni pouzivana ristova kiivka.
Jako nejvhodné;jsi pro chovatele se ukazal percentilovy graf's pAsmem standardu mezi
25. a 75. percentilem, ktery byl sestaven pro kohoutkovou vySku meétenou péaskou
(KVP) a hiilkou (KVH), obvod hrudniku (OH) a obvod holené (Ohol).

Treti prace hodnotila vztah mezi parametry motility spermii a morfometrii
hlavicky. Celkem bylo odebrano 35 ejakulati od 10 klinicky zdravych hiebct
a s pomoci pocitatem fizené analyzy (Sperm Class Analyzer; SCA, MICROPTIC SL)
byl hodnocen objem ejakulatu (ml), koncentrace spermii (M/ml), pohyblivost spermii
kinematickymi parametry a morfometrie spermii. Mezi hiebci byly signifikantni

rozdily ve vSech hodnocenych parametrech spermii (p-hodnota < 0,05). Mezi



parametry plocha hlavicky a rychlost (pfimocara rychlost spermii, primérna rychlost
a koeficient kolisani) byla prokazana pozitivni korelace. Prodlouzeni hlavicky spermii
pozitivné korelovalo s celkovou motilitou. Vice protahlé spermie vykazovaly nizsi
frekvenci prusecikt kiivocaré drahy s primérnou drahou.

Ctvrta studie hodnotila vliv pouzitého fedidla na chlazenou davku spermatu
teplokrevnych hiebci. Celkem bylo odebrano 21 ejakulatti od 11 hiebct. K fedéni byla
vyuzita fedidla Kenney, EquiPLus a INRA 96. Hodnoceno bylo sedm parametrd —
vitalita spermii (VIT, %), celkova motilita (MOT, %), progresivni motilita (PMOT),
pocet progresivnich spermii v mililitru (prog M/ml, milion/ml), primérna rychlost
(VAP, um/s), kiivocara rychlost (VCL, um/s) a ptfimocara rychlost spermii (VSL,
um/s). Byl prokazan vyznamny vliv doby skladovani spermatu (p-hodnota < 0,001) na
vSechny hodnocené parametry, kdy byl zaznamenan nejvétsi pokles kvality spermatu
béhem prvnich 24 hodin skladovani. Vliv fedidla byl signifikantni (p- hodnota < 0,05)
v pripad¢ VIT, MOT, PMOT, VCL, VSL a VAP. Primérny ochranny t¢inek fedidla
INRA 96 byl vyznamné lepsi po celou dobu skladovani u vSech sledovanych
parametri nez u fedidla Kenney (p-hodnota < 0,01) a nez u EquiPlus (p-
hodnota< 0,05) u hodnot PMOT, VCL a VAP.

Klicova slova: cesky teplokrevnik, odhad hmotnosti, rustové kiivky, kvalita

spermatu



Summary

Ph.D. thesis is focused on the possibilities of using mathematical methods in horse
breeding. The presented work is divided into two parts. The first is a literature review
and the second is divided into four subchapters, which contain original publications
and the results of my own research work.

The first study focused on creating a formula for estimating the weight of warm-
blooded horses using body parameters. In the work, 524 warm-blooded horses aged
from 97 to 1290 days were measured and weighed and were divided into 4 age
categories. The resulting formula was proven to be the most suitable for warm-blooded
horses compared to the formulas of other authors (p-value <0.001). It used 4
parameters that most closely correlated with the weight of the horses, namely body
length (BL), girth (G), sternum height (SH) and anterior pelvic width (APW), which
is measured between the external hip bumps. A formula was created from these four
parameters

[(2+SH * G) * 2 x BL?> x APW]
10 000 000

weight = coef fcient_1 x value + coef ficient_2

value =

Coefficient values for horses up to 365 days of age: coefficient 1 = 4.46;
coefficient_2 = 91.12; for ages 365 to 650 days: coefficient_1 = 3.83; coefficient_2 =
135.87; for ages 651 to 950 days: coefficient_1 = 3.60; coefficient_2 = 168.09; for age
over 950 days: coefficient_1 = 3.23; coefficient_2 = 221.55.

The second study focused on the update of the growth curve of warm-blooded
stallions, which is used in the Czech Republic for their classification. A total of 7488
measurements were performed on 117 warm-blooded stallions aged 7 to 36 months.
To established a growth model, the Brody function was used, from which the currently
used growth curve is based. A percentile graph with a standard between the 25th and
75th percentiles, which was compiled for height at the withers measured by tape (HWt)
and by stick (HWs), girth (G) and cannon circumference (CC), proved to be the most
suitable for breeders.

The third work evaluated the relationship between sperm motility parameters and
head morphometry. A total of 35 ejaculates were collected from 10 clinical healthy
stallions and ejaculate volume (ml), sperm concentration (M/ml), sperm motility by

kinematic parameters and sperm morphometry were evaluated using computer-



assisted analysis (Sperm Class Analyzer; SCA, MICROPTIC SL). There were
significant differences between stallions in all evaluated sperm parameters (p-
value <0.05). A positive correlation was demonstrated between the parameters of the
head area and velocity (direct sperm velocity, average velocity and fluctuations).
Elongation of sperm head positively correlated with overall motility. The more
elongated sperm the lower the frequency of the intersections of the curvilinear path
with the average path was observed.

The fourth study evaluated the effect of the diluent used on the cooled shipped
semen of warm-blooded stallions. A total of 21 ejaculates were collected from 11
stallions. Kenney, EquiPLus and INRA 96 diluents were used for dilution. Seven
parameters were evaluated - sperm vitality (VIT,%), total motility (MOT,%),
progressive motility (PMOT), number of progressive sperm in milliliters (prog M/ml,
million/ml), average path velocity (VAP, um/s), curvilinear velocity (VCL, um/s) and
rectilinear sperm velocity (VSL, um/s). A significant effect of sperm storage time (p-
value 0 < 0.001) was demonstrated on all evaluated parameters, when the greatest
decrease in sperm quality was recorded during the first 24 hours of storage. The effect
of diluent was significant (p-value 0 < 0.05) for VIT, MOT, PMOT, VCL, VSL and
VAP. The average protective effect of INRA 96 was significantly better during the
whole storage period for all monitored parameters than for Kenney (p-value <0.01)
and than for EquiPlus (p-value <0.05) for PMOT, VCL and VAP values.

Key words: Czech warmblood, weight estimation, growth curves, sperm quality



Obsah

L UVOQ ettt bttt he e b e et enae e beenree s 10
2 LAterdrni PrEhled .......coviiiiiiiiiiii s 11
2.1 Zakladni vypocty v chovu KON .......ooviiiiiiiiiiiii e 11
2,11 METENT KON ...eiieiiiiiieiie sttt 11
2.1.2 HOANOCENT KOPYL..iiuviiiiiiiiiiiiiiiiie ittt 14
2.1.3 Hodnoceni laterality U KON .....ccoviviiiiiiiiiiii i 15

2.2 0dNady NOANOL.......c.eiiieiieie et re e nreas 16
2.2.1 Odhad hmotnosti KONT..........cceciiiiiiiiiiiciiece s 16
2.2.2 RUSTOVE KITVKY ... 18
2.2.3 Odhad plemenné hodnOty ..........ccceeiiieiiiiiiiienie e 22

2.3 Moderni technologie ve vyzKumu Koni .........cccoiiiiiiiiiiiiccee e 24
2.3.1 HOANOCENT SPEIMALU ... .vvviiviieiiiiiiesiiie sttt saae e eesnnea e 26

2.4 Statistick€ MeEtOdY .......ccveiviiiiiiiii 27

3 HyPOEZY @ CIIE PIACE....cveiiiieiiiiiieeitie ettt 33
4 Experimentdlni Cast @ VYSIEAKY .......ccceiiiiiiiiiiiicie s 34
4.1 Odhad télesné hmotnosti hfebctl z linearnich méteni teplokrevnych koni............. 34
4.2 Ristové kiivky vybranych parametrti hiebct ¢eského teplokrevnika.................... 35

4.3 Pocitatem fizend analyza morfometrie hlavicky a kinetickych parametrii spermatu

teplokrevnych hfebCil........coovviviiiiiiiii 36
4.4 Vliv fedidla na chlazené sperma teplokrevnych hiebcti..........ccccovviiiiiiiiicniennnn, 37
5 PTILONY et 38
O ZLAVET ..ottt R bbb nne s 75

7 SEZNAM TIEEIALUIY ...ttt te e te e sbe e be e e e nre s 76



1 Uvod

Cilem védy v oblasti chovu koni je hlavné¢ podnécovat a podporovat vyuziti
objektivniho vyzkumu a pokrocilé praxe, které v konecném duasledku zlepsi welfare
koni v jejich spojeni s clovékem. Moderni vypocetni technika a specializovany
software neustale zvySuje moznosti hodnoceni dat, ale nezbytnym piedpokladem je
znalost vypocetnich metod. Mezi ty 1ze zafadit feSeni linearnich a nelinearnich rovnic,
interpolace a aproximace funkci, numerické derivace a integrovani nebo feSeni
pocatecnich tloh pro diferencialni rovnice. Pro spravnou volbu numerické metody pii
feSeni konkrétnich uloh je dulezité znat konvergencni teorii a odhady chyb. Dalsi
oblasti jsou statistické metody, konkrétn¢ jejich aplikace, zaznamenévani dat o jevech
a jejich zpracovani, tedy jejich tfidéni a interpretovani. Statistika Gzce souvisi
s informaénimi technologiemi, mezi které lze zatadit informatiku a vypocetni
techniku.

Konkrétni vyuziti vypocetnich metod vchovu koni je viadé oblasti.
Nejjednodussi vypocty se tykaji oblasti stdda nebo naptiklad vypoctu krmnych davek,
ristova funkce, nebo s vytvafenim vzorci pro odhady hodnot. Dalsi oblasti je
genetika, kde se jedna napiiklad o odhad genetickych parametrd a nasledné plemenné
hodnoty na zaklad¢ zvolenych ukazatel. A neopomenutelnou oblasti je statistika,
ktera ma sviij vyznam hlavné pii védecké praci. Umoznuje hodnotit informace o celku
i o jeho Castech a dava dilezité informace, které Ize vyuzit pro dalsi rozhodovaci
procesy Vv bézné chovatelské praxi.

Nelze opomenout fakt, Ze matematika ma stale vét$i vyznam nejen v chovu koni.
Vysledky nejsou ovlivnény ndzorem nebo interpretaci. Poskytuje tak ptesnou
formulaci myslenek a umoziuje urcit pri¢inu a disledek. V neposledni fadé je soucasti
velkého mnozstvi aplikaci, které v soucasné dob¢ chytrych telefonit do znacné miry

vylepsuji a zjednodusuji praci chovateliim koni.



2 Literarni prehled

2.1 Zakladni vypocty v chovu konf

2.1.1 Méfeni koni

Mezi zakladni vypocty se fadi hlavné vyuzivani existujicich vzorci, do kterych
l1ze dosadit ziskané hodnoty. Koné jsou béhem Zivota méteni z divodu posuzovani
jejich rustu a pro posouzeni, zda spliuji chovny cil daného plemene. COSTA et al.
(2016) uvadi, ze t€lesné miry a thly kon¢ definuji jeho moznosti pohybu. Jedna se tak
o vyznamné udaje z hlediska potencialu a vykonu koné. Zakladni miry jsou pro
plemeno stanoveny v Radu plemenné knihy. Existuji viak i plemena, jako napiiklad
anglicky plnokrevnik, u kterych neni méfeni soucasti plemenného standardu. Miry

zjistované u ¢eského teplokrevnika lze vidét na obrazku 1.

Obrazek 1: Schéma méfeni télesnych rozmért: (1) kohoutkova vyska paskova (KVP), (2) kohoutkova
vyska hilkova (KVH), (3) obvod hrudniku (OH), (4) obvod holené (Ohol), (5) vyska hibetu, (6) vyska
ktize, (7) vyska kotene ohonu, (8) vyska kosti hrudni od zemé, (9) $ifka prsou v ramennich kloubech,
(10) sitka hrudniku za lopatkou, (11) Sitka panve v ky¢elnich hrbolech, (12) sitka panve v kycelnich
kloubech, (13) délka panve, (14) $ikma délka t&la (SDT)

Z namé&fenych hodnot lze pocitat hipometrické indexy, které vyjadiuji jednotlivé
absolutni rozméry v zakladnich mirach, které jsou s nimi v bliz§im anatomickém nebo
fyzikdlnim vztahu. Jsou zaméfené na vyznam jednotlivych pomért télesnych tvart.
Nasledujici indexy patii mezi ty, které se nejbéznéji vyuzivaji v praxi (SOBOTKOVA et al.,
2006).
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Ind by t8lg = Sikma délka téla % 100
ndex formatu tela = 4 e vka hilkova

o Ktnosti = obvod hrudniku % 100
naex KOMpakinostl = w3 délka tola

obvod hrudniku

Ind h :_ X1
ndex mohutnosti kohoutkova vyska hiilkova 00

obvod holené
x 100

Index kostnatosti
kohoutkova vySka hiilkova

Ind S . vySka v ktizi % 100
MEeX prestavenostt = 4 o houtkova vyska hilkova

hloubka hrudi

. Vd 7 — 1
relativni hloubka hrudniku kohoutkova ySka hilkova x 100

) ) délka panve
Index délky panve = —— x 100
Sitka panve

o T Rostry — obvod holené % 100
naex Sy ROSTY = Yohoutkova vyska hilkova

B 3 Sitka v prsou % 100
UNAEX Sy U prsot = <ma délka téla

Index t hrudniky = hlouba hrudniku>< 100
naex trart Aruamiit = = dlka hrudniku
délka hrudniku
Index délky hrusniku = x 100

kohoutkova vyska hilkova

12



DUSEK et al. (2007) vytvofili s cilem vys$i objektivity pii hodnoceni télesné stavby
a posouzeni harmoni¢nosti pomocné kritérium. Zakladem je télesny standard a na zaklad¢
variability stanovena rozptylova pasma. Decilova sit’ télesné stavby umoziuje bodové
ohodnotit méteny télesny parametr od jedné do deseti. Jedinec obdrzi celkovy pocet bodil
a po vydeleni po€tem sledovanych znakl primérnou hodnotu (xp). Od této hodnoty se
nasledné odecitaji jednotlivé body (zanedbéavaji se znaménka) a d€li se primérem.

Vysledné hodnota udava stupein soumérnosti.

_ Yieilxi — %

D, =
n

p

FREITAG et al. (2021) stanovili metodiku pro ziskavani Ghld a télesnych mér koni
s vyuzitim digitalniho goniometru. Pro hodnoceni byla pouzita fotografie levého profilu
zvifete ze vzdalenosti 3 m a s vyuZzitim 8 znaéek k usnadnéni vizualizace (obrazek 2).
Fotografie byly nasledné¢ analyzovany s vyuzitim softwaru Imagel. Jedna se o pfesnou

metodu, kterd vede k ziskani télesnych mér a thlu.

Obrazek 2: Zathlené (modré linky) a linearni (Cervené linie) proménné pouzité pro hodnoceni metodu
obrazové analyzy té€lesného uspofadani: (1) uhel rameno-humerus, (2) thel kycel-stehenni kloub, (3)
délka holeng pfedni koncetiny, (4) délka holené zadni koncetiny, (5) vyska ramene, (6) délka hlezno-zad’,
(7) kohoutkova vyska, (8) délka téla, (9) vyska zad¢é (FREITAG et al., 2021).
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2.1.2 Hodnoceni kopyt
Kopyto je svoji stavbou a funk¢énosti velmi dimyslny organ, ktery ptredstavuje
nejdistalnéjsi ¢ast koncetiny. Je soucasti spoleéného télniho pokryvu a jako takovy ma
vSechny vlastnosti ktize. Zaroven je také nedilnou soucasti svalového a kosterniho
systému koniského téla (VINCALEK, 2015). Rovnovaha kopyta ovliviiuje rozlozeni sil
a pohyb koncetin (LOCHNER et al., 1980; RIEMERSMA et al., 1996) a odchylky u téchto

jednotlivych slozek pohybu mohou vést ke zranéni koncetin (MOYER et ANDERSON,
1975; PooL et MEAGHER, 1990).

5 = m
Obrazek 3: Méfeni lateromedialni Sitky kopyta (A) a piedozadni Sitky kopyta (B)
(PARES et CASANOVA, 2011)

PARES et CASANOVA (2011) vytvotili vzorec pro odhad plochy kopyta u
katalanskych koni. Znalost tohoto parametru ma vyznam hlavné v oblasti veterinafstvi
a podkovarstvi, kdy lze tesit deformity kopyta nebo nerovnomérné zatizeni kopyt.
Autofi vyslovili hypotézu, ze plochu doslapové ¢asti kopyta lze extrapolovat
z jednoduchych linearnich méfeni. Vzorec vychdzi ze dvou namétenych parametrt,
kterymi jsou lateromedialni Sitka kopyta a ptfedozadni Sitka kopyta (obrazek 3).
Hodnota smérodatné odchylky chyby je pro tento vzorec 5,15 a koeficient determinace
0,9384.

plocha kopyta = (1,229 X lateromedialni $itka)? x predozadni §itka®77?

14



Také KAUFFMANN et CLINE (2020) uvadi, ze mald kopyta v poméru k velikosti
kon¢ jsou nachylnéjsi k laminitidé a podotrochléze. Divodem je piili§ velky tlak na
urcitou plochu a u vétSich kopyt pisobi méné kilogramii na centimetr Ctverecny
kopytnich struktur. Idealni jsou zdrava velka kopyta, u nichZ se na neseni hmotnosti

podileji vSechny k tomu uréené ¢asti, diky cemuz na né ptisobi nejmensi tlak.

2.1.3 Hodnoceni laterality u koni

Z4dny tvor neni dokonale symetricky. Asymetriénost, tedy upfednostiiovani pravé
nebo levé strany, se nazyva lateralita. U lidi se jedna 0 diikladné prozkoumanou oblast,
zatimco u koni méné, i kdyz se jedna o jev, ktery ovliviiuje praci s konmi.

V poslednich dvou desetiletich toto téma ziskava na popularité a mnoho praci se
zabyva studiem laterality u koni. Existuje fada metodik, kterymi lze lateralitu hodnotit.
Radi se mezi né& testovani motorické a senzorické laterality, posuzovani &elnich
chlupovych virti nebo olfaktorické testy. Pfi testovani se zaznamenava vyuzivani pravé
a levé strany a nasledné se lateralita hodnoti kvalitativné s vyuZitim vzorct. V téchto
vzorcich pismeno ,,L* oznacuje miru levostranné preference a ,,R“ miru vyuZzivani
pravé strany.

Nejpouzivangj$im vzorcem je dle SOVAKA (1985) ,,index laterality** (LI), ktery se
nékdy oznacuje jako Cuffiv vzorec. Pocita se jako LI = [(R - L)/(R + L)] a pozitivni
vysledné hodnoty znaci pravostrannou preferenci a zaporné hodnoty levostrannou
preferenci (BRODER et ANGELONI, 2014). Vysledek takto vypocteného LI je z divodu
lep$i interpretace nasobit ¢islem 100 a obecné se pohybuje mezi hodnotami -1
(-100 %) a 1 (100 %). Hranice intervalu pro urceni preference je £25 % a je
nejsilngj$im ukazatelem sméru asymetrie (BATT et al., 2007). Cim vice se podle
SCHNEIDERA et al. (2013) absolutni hodnota vysledného ¢&isla blizi nule, tim vice je
jedinec nevyhranény. Tedy nula znac¢i ambilateralnost a v intervalu od nuly do sta roste
preference pravé strany a od nuly do zdpornych hodnot roste preference levé strany.
Absolutni hodnota vypoctu LI udava pouze silu laterality, ale ne jeji smér.

Dalsi vyuzivanou rovnici indexu laterality uvadéji SOVRANO et ANDREW (2006)
a zaméfuje se na smeéroveé preference, nebo na jednu ze stran. Pii pouziti vzorce
LI = [(R/L + R) * 100] je hrani¢ni hodnotou k urceni preference pravé nebo levé strany

50 %. Pravostrannou preferenci naznacuji hodnoty vyssi nez 50 %, a ¢im je Cislo vétsi
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nez 50 %, tim je preference pravé strany silngjSi. Hodnota pod 50 % oznacuje
levostrannou preferenci.

Prikladem dal8i pouzivané miry lateralizace je absolutni index laterality (ALI).
Vétsinou je vyuzivan k hodnoceni individualni asymetrie nebo k méfteni sily laterality
bez ohledu na jeji smér. Vypocet ALI je absolutni hodnota LI: [LI|. V pfipad¢ vyuziti
vzorce LI = (R/L + R) je nasledn¢ dle BARNARDA at al. (2016) ALI vypoc¢teno jako
ALI = |LI - 0,5]. Nulové hodnoty ptedstavuji jedince, kteti vykazuji bez preference, a
vysledek 50 (poptipad¢ 0,5) oznacuje zcela lateralizovaného jedince.

Dalsim zptsobem hodnoceni laterality je kvocient pravorukosti (Dexterity
Quotient, DQ), ktery vyjadifuje procentudlni zastoupeni pravostrannych reakci
zcelkového poctu vSech reakci jedince. Vypocet je podle vzorce
DQ = (P+A/2) | (P+L+A), kde P, L a A oznaCuji pravostranné, levostranné a
ambilateralni reakce.

K urcéeni sily, sméru ¢i zavislosti na jinych faktorech lze vyuzit statistické vzorce
a vypocCty. Pro zjisténi vlivu pohlavi nebo véku na lateralitu na pohlavi je v nékterych
vyzkumech pouzita analyza rozptylu ANOVA (WELLS, 2003, QUARANTA
et al., 2004).

Z prehledu vypocta vyplyva, ze existuje fada zptisobti hodnoceni laterality u koni,
a navic jeden zptisob vypoctu mize mit jiné hranice intervalli, pro urceni laterality.
Z tohoto diivodu je velmi slozité porovnavat vysledky rlznych autorl, protoze pak
vznikd velmi rozdilné zastoupeni ambilateralnich koni ve vysledcich. Faktem vSak
zUstava, ze lateralita je béznym jevem u koni a ma velky dopad na jejich praktické

vyuZiti 1 zdravotni stav.

2.2 Odhady hodnot

2.2.1 Odhad hmotnosti koni

Chovatelé nemivaji vybaveni potfebné k vazeni koni a zaroven nebyvaji schopni
piesné odhadnout télesnou hmotnost kon¢. Jedna se vSak o dilezity parametr, ktery
charakterizuje télesny vyvoj a fyziologické funkce organismu (DUSEK et al., 2007).
Jedné se také o dulezity ukazatel zdravi. Pokud chovatel znd hmotnost kon¢ a zda
aktudlné hubne nebo pfibird, mize odhalit pfipadné zdravotni problémy. Nizkou
télesnou hmotnost mohou zptsobovat nemoci, stafi, parazité, nadmérné vyuzivani

koné, nevyvazena krmné davka, omezeny pfistup ke stadu (zplsoben napt. hierarchii
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ve stad€) nebo genetika (SENDEL, 2010). Znalost télesné hmotnosti koné¢ ma vyznam
Vv mnoha oblastech jejich chovu. Jedna se napiiklad o sestavovani krmné davky nebo
podavani 1é¢iv (WAGNER et TYLR, 2011). Léky a pfipravky na odcerveni jsou toxické
a mély by byt podavany v pfesném davkovani doporu¢eném vyrobcem s ohledem na
hmotnost zvifete (MILNER et HEWIT, 1969; CARROL et HUGTINGTON, 1988). SENDEL
(2010) uvadi, ze nespravny odhad télesné hmotnosti mtize vést k predavkovani nebo
poddavkovani zvitrete. Pfedavkovani 1éCivy mize vyustit v otravu a koliku nebo jiné
zavazné zdravotni komplikace az po thyn zvifete. Naopak poddavkovani nevede
k pozadovanym ucinkim léku a v pfipad¢ antibiotik nebo od¢ervovacich prostiedki
miize vést k rezistenci. Rada praci se zaméfila na vytvoieni vzorce pro odhad télesné
hmotnosti s vyuzitim télesnych rozmért dospélych koni (WAGNER et TYLER, 2011;
MILNER et HEWITHALL, 1969; CARROL et HUNGTINGTON, 1988; HOFFMANN et al.,
2013; SHAKER et al., 1999; GiBBS et HOUSEHOLDER, 2003; HALL, 1971; MARTISON
et al., 2014; NEDER et al., 2009; CATALANO et al., 2015). Piehled vzorctl je uveden
v tabulce 1.

Tabulka 1: Rovnice pro odhad télesné hmotnosti (TH) dospélych koni (kg) s vyuZitim obvodu
hrudniku, vysky a délky téla (cm).

Zdroj Rovnice
SHAKER et al. (1999) TH = kohoutkova vy$ka X vyska zadé x délka téla

x 0,0001
CARROL et HUNGTINGTON TH = obvod hrudniku? x délka téla
(1988) 11,877
HALL (1971) TH obvod hrudniku? x délka téla

11,880
MARCENAC et al. (1964) obvod hrudniku\®
TH = (?> X 80
BROWN et al. (2003) —_— obvod hrudniku? x délka téla
8,717
MILNER et HEWIT (1969) —_— (obvod hrudniku x 0,39)%°7 x (délka téla x 0,39)1°5
228,1
% 0,45
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2.2.2 Rlstové ktivky

Podle DUSKA et al. (2007) se koné fadi mezi zvifata s rychlym rtstem. Koné
plemene anglicky plnokrevnik dosahuji 46 % z télesné hmotnosti v dospélosti a 83 %
z kohoutkové vysky v dospélosti jiz v 6 mésicich véku. LuszczyNskI et al. (2019)
uvadi, ze kohoutkova vyska htibat pii porodu je rovna vice nez 60 % vysky dospélého
kong, coz je vyssi proporcionalni podil v porovnani s dalsimi hospodaiskymi zvitaty.
VALETTE et al. (2008) upozorfiuji na to, ze celkové hodnoceni mladych koni je
pomérn¢ slozité, vzhledem k tomu, ze je jejich rust asymetricky. DUSEK (1998)
popisuje rustové zmény u mladych koni, kdy u hiibat 1ze pozorovat rdmec stojiciho
obdélniku, protoze kohoutkova vyska je vétsi nez délka zvifete. Mezi 12. a 18.
meésicem veéku se format meéni na Ctvercovy tvar. Béhem dalsiho rastu se délka téla
navysuje rychleji nez kohoutkova vyska a ramec té¢la nabyva tvaru leziciho obdélnika
na delsi strané.

Pouziti matematickych rastovych modelii poskytuje efektivni zplisob, jak shrnout
informace obsazené v datech do n€kolika parametri s biologickym vyznamem
(FITzHUG, 1976). SILVA et al. (2011) uvadi, Ze nelinearni funkce jsou snadno
biologicky interpretovatelné a Ize je snadno vzajemné porovnavat. Pro stanoveni
rustovych kiivek se vyuzivaji specidlni ristové modely. Zékladnim modelem pro
vyjadieni ristové kiivky je Richardsova funkce (RICHARDS, 1959). Jedna se
0 nelinearni Ctyfparametrovou funkci. Dalsi ristové funkce lze z této odvodit jako
specialni piipady. V tabulce 2 jsou uvedeny nejcastéji pouzivané modely rustu. Patii
mezi n¢ modely Gompertze, Brodyho, Logisticky, Weibullliv, Richardsiiv a von
Bartalanffyho. Uvedené modely se od Richardsova 1isi tim, ze vzhledem k asymptoté
maji fixni polohu inflexniho bodu. U Bertalanffyho funkce dochazi k inflexi pfiblizné
v 1/3 asymptoty (ur = 0,296), u logistické funkce v %2 asymptoty (u1 = 0,5)
a u Gompertzovy funkce ptiblizné v 1/3 (u1 = 0,368). Brodyho funkce inflexni bod
nema. NATH et MOORE (1992) dopliuji ristovou funkci o vyuziti prvni derivace
(absolutni a relativni rychlost riistu) a druhé ¢i tieti derivace, kterymi lze stanovit délku
exponencialni a linearni faze ristu. Také FITZHUGH (1976) ve své praci uvadi
odvozené parametry od rustové kiivky. Uvedeny jsou vzorce pro Richardstiv model

a Brodyho model.
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Stupen dospélosti vyjadiuje podil velikosti dosazené ve veéku t z velikosti

Vv dospélosti A

U = % = (1 + be k)M

u, =1—be Kt

VéEk pottebny k dosazeni urcitého stupné dospélosti (tu) pro Brodyho funkci:

1_ut
b

ty = ——ln|

Okamzita absolutni intenzita ristu — dy/dt je prvni derivaci riistové funkce

d

= = £MiAbe K(1 + be k)1
dy

— = kAbe™*t

dt ¢

Okamzita relativni rychlost rastu: y* dy/dt

Okamzita absolutni intenzita dospivani: A dy/dt

Absolutni intenzita rustu:

0,5AMk
2M -1

Ctyfi posledni parametry jsou vtazeny k inflexnimu bodu, nejsou tedy vyuzitelné

v piipad¢ Brodyho funkce.

Podle JaAKUBCE et al. (1998) by méla rustova funkce splnovat nékolik pozadavkd.

Mezi né patii odraZet biologickou podstatu rlstu, umoznit biologickou interpretaci

parametrd funkce, umoznit dobré ptizplisobeni funkce empiricky zjisténym hodnotdm

a umoznit snadnou matematicko-statistickou interpretaci.

19



U koni se ¢asto vyuziva Brodyho funkce. Dle VESELE (2003) miuze byt divodem
pro vybér této funkce skuteCnost, ze tfiparametrové funkce s inflexnim bodem
(Bertalanffyho, logisticka, Gompertzova) a piedev§im ctyifparametrova Richardsova
funkce jsou pomérné narocné na kvalitu vstupnich tdaji. Vyzaduji rovnomérné
pokryti celého ristového obdobi, véetné tdaji z dospélosti. V piipad¢ méné kvalitnich
udajii miize byt flexibilita téchto funkci spise na obtiz.

Rychlost ristu je jednim z dulezitych parametrt, ktery se bere v uvahu pfii
vytvareni krmné davky pro koné. Proto je velmi dilezité, aby byly znamy piesné
rastové kiivky pro kazdé plemeno (FRADINHO et al., 2016). PIMENTEL et al. (2017).
Dle DusSkA et al. (1998) je srovnani rozmért jednotlivych hiibat se standardem
v rizném véku dualezité zvlasté pti posuzovani celého ro¢niku hiibat, ve kterém jsou
mezi jedinci velké rozdily ve v€ku. Dale je hodnoceni riistu soucasti vybéru hiebct do
chovu, kdy pfesny postup upravuji fady chovatelskych svazii a zdkony. Dle Dobese
(1977) je nutné, aby pro posuzovani rustu a vyvinu htibat jednotlivych plemen byly
praxi jsou vyznamné standardy v grafické interpretaci. Jsou v nich uvedeny primérné
vyvojové kiivky, doplnéné rozptylovymi pasmy, aby tak podle polohy namétenych

hodnot u jednotlivych hiibat bylo mozné vyhodnotit jejich ristovou dynamiku.

Obrazek 4: Méteni kohoutkové vysky hilkou (A), paskou (B), obvodu holené (B) a obvodu
hrudniku (C) (schct.cz).
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Tabulka 2: Rovnice a parametry ve specialnich pfipadech Richarsovy ristové funkce

Model Rovnice pro yt M uL Asymptota  dy/dt Al dy/dt y1 dy/dt
Brody A(1 — be k) 1 A KA(1 — w) k(1 —w) k(ut—1)
_ —kt\3 1 1 1
Bertalanffyho  A(1 — be ") 3 8127 A Sky(w3—1) 3Sku(3I—1) 3k 3—1)
Logisticky A(1 + be~kt)~t -1 0,5 A ky(1—u) ku(1 —u) k(1—u)
Gompertziv A exp (—be ) M - o et A kyn (e 1) kuln (e™1) kln (u™1)
A

i ; —kt\M obilng _ M 1 1 1
Richardstv A1+ be™™) variabilni [(M—-1)/M] Miey (W —1) Mku(u ¥ —1) Mk — 1)

Biologickd interpretace parametrii (FITZHUG, 1976; RICHARDS, 1959, STAINAR et al., 2005)

A - asymptoticka hodnota pozorovaného biometrického znaku (pro t — ), obecné vysvétlovana jako priimérna hodnota v dospélosti.

b - integracni konstanta, casovy parametr méritka, definuje stupen zralosti v dobé narozeni t = 0 (1-b)

k - index dospivani, ktery vyjadruje relativni riistovou rychlost, kterou je dosazeno asymptotické hodnoty (vyssi hodnoty znaci rané dospivajici jedince a malé hodnoty oznacuji
pozdné dospivajici jedince)

M - tvarovy parametr urcujici polohu inflexniho bodu kifivky, ktery stanovuje stuperi dospélosti v inflexnim bodeé.

Ut — stupen dospélosti ve veku t
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2.2.3 Odhad plemenné hodnoty

HaNC et al. (1995) definuje plemennou hodnotu jako ¢iselné vyjadieni
vlastnosti a znakt, které jedinec determinuje u svého potomstva a je mozné ji
odhadovat na zaklad¢ fenotypového projevu vét§iho mnozstvi potomstva. Plemenna
této hodnoty jako relativni plemenna hodnota. Vlastni vyjadifeni relativni plemenné
hodnoty jedince vychazi z priméru populace dané¢ho plemene a proménlivosti dané
vlastnosti uvniti plemene, ktera je vyjadiena smérodatnou odchylkou. Ve svété se pro
objektivni odhad plemenné hodnoty pouzivd metoda BLUP (Nejlepsi linearni
nestrannd piedpovéd’) ve formé AM (Animal model). Tato metoda vyuziva pro odhad
plemenné hodnoty matici ptibuznosti, takZe jsou do vypoctu zahrnuty dostupné tidaje
o ptedcich sledovaného jedince nebo o jeho bo¢nim piibuzenstvu (MARSALEK, 2008).
Metody odhadu plemenné hodnoty se voli tak, aby byly vzajemné porovnatelné a pro
chovatele znamé a srozumitelné (PRIBYL et al., 2008). Pied zavedenim odhadu
plemenné hodnoty uvadi VOSTRY et al. (2011), Ze byla vyuZzivana selekce zvitat do
chovu na zéklad¢ fenotypového projevu. DUSEK (2007) uvadi, ze pii nezavislosti
selektovanych znaki lze intenzitu selekce pfi vybéru podle jednoho az vice znaki

pocitat podle Lushe ze vztahu

k="n

kde k je podil jedinci vybranych tak, aby vSichni z nich méli vyjadienou
kazdou zm vlastnosti odpovidajici selekénimu limitu; m = pocet nezéavislych
vlastnosti, n = pocet jedincii vybranych podle vlastnosti.

URBAN (2011) uvadi, ze plemenna hodnota uvadi hodnotu gent, které jsou
predany jeho potomkim. Také je to pravdépodobnost, ze potomstvo bude vykazovat
dobré genetické zalozeni. TAVERNIER (1992) ve své praci zminuje Siroké vyuziti
plemennych hodnot sportovnich a dostihovych koni na zaklad€ vetejnych zaznami
jejich vykontl. V Ceské republice se tomuto tématu vénuje tym z VUZV Praha, ktery
vydal dvé certifikované metodiky. Spolehlivost pfedpovédi plemennych hodnot pro
skokovou vykonnost u teplokrevnych koni (NOVOTNA et al., 2018) obsahuje postup

predpovédi spolehlivosti, ktery 1ze vyuZzivat v chovatelském postupu.
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Plemenné hodnoty jsou pifedpovidany podle nasledujici modelové rovnice:
y = pohl + vek + sout + jezd + prost + jed + e
kde: y — vyhodnocované vlastnosti

pohl — pohlavi koné (fixni efekt, ve tfidach)

vek — veék koné (fixni efekt, ve ttidach)

sout — soutéz (fixni efekt)

jezd - jezdec (nahodny efekt)

prost — trvalé prostiedi jedince (ndhodny efekt)

jed — efekt jedince (nahodny efekt) ¢ — reziduum

Dalsi certifikovanou metodou je Spolehlivost predpovédi plemennych hodnot
pro znaky zevnéjSku hodnocenych linearnim popisem u teplokrevnych plemen koni
(SvITAKOVA et al., 2018). V tomto piipadé jsou plemenné hodnoty piedpovidany
podle nésledujici modelové rovnice:

y = pohl + vek + mist + hodn * rok + jed + e
kde: y — vyhodnocované vlastnosti
pohl — pohlavi koné (fixni efekt, ve tfidach)
vek — vek koné (fixni efekt, ve tridach)
mist — misto hodnoceni — fixni efekt
hodn*rok - interakce efektli hodnotitel a rok hodnoceni — fixni efekt
jed — efekt jedince — nahodny efekt
e — reziduum

PRYBIL (1997) tvrdi, ze spolehlivost plemenné hodnoty zavisi na dédivosti
a pfedevs§im mnoZzstvi informaci o daném zvifeti, u plemeniku také na poctu potomkt
s uzitkovosti, kteti se potkavaji s vrstevniky, tzn. efektivnim poctem potomki. DUSEK
et al. (2007) uvadi vypocet dédivosti (heritability) jako podil podminéné dédi¢nosti
6% 2 celkové fenotypové proménlivosti 62p.

a;

2
Op

h? =

Koeficient dédivosti h? se pohybuje v rozsahu od nuly do jedné. Hodnoty
blizko nule ukazuji na nizkou dédivost vlastnosti, hodnoty blizké jedné znamenaji
dédivost vysokou. Obecné h? v rozsahu 0,41 az 0,6 charakterizuje stiedni dédivost.
Znalost dédivosti je dillezita, protoZze podmiiuje ostrost selekce a jeji modifikaci pti

duirazu na konkrétni vlastnosti (DUSEK et al., 2007).
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2.3 Moderni technologie ve vyzkumu koni

Historicky jezdectvi postradalo podporu védecky métenych udaji, které¢ by mohly
poskytnout objektivni diikazy o tom, zda maji konkrétni postupy pozitivni nebo
negativni vliv na pohodu koni (WARAN et RANDLE, 2017). V poslednich letech prosla
véda v oblasti chovu koni velkym ristem. Pfinosem je aplikace technologii z jinych
obort, které umoziuji hodnotit ¢innosti s koimi (MCLEAN et MCGREEVY, 2010).
HOLMES et JEFFCOTT (2010) upozoriiuji, ze je dulezité dobré vyuziti technologie po
peclivém zvazeni problému, které ji mohou doprovazet. RANDLE et BUTTON (2008)
uvadéji tfadu technologii, jako napiiklad zafizeni pro zaznam napéti a tlaku,
elektromyografie, monitory srde¢ni frekvence a teploty (s vyuzitim infracervené
termografie), akcelerometry, analyzu chize a citlivosti. Desitky let je vyuzivan
videozaznam nebo data loggery, ale ty vstoupily do nové éry s vétSinou bezplatnou
dostupnosti aplikaci v chytrych telefonech, které umoziuji manipulaci s daty
V realném Case a okamzity zdznam dat (RANDLE et BUTTON, 2008).

V oblasti studia welfare se vyuzivaji fyziologicka méfeni jako pfimé nebo
nepiimé ukazatele fyzického nebo psychického stavu jedince a jeho vykonu (RANDLE
et al.,, 2015). Radi se sem hodnoceni tepové frekvence, kdy se jako efektivni
a neinvazivni metoda ukazalo vyuZiti monitorti srde¢nich tept (HINCHCLIFF et al.,
2008). Nov¢jsi studie hodnoti variabilitu srde¢ni frekvence namisto diive vyuzivané
srde¢ni frekvence (VON BORELL et al., 2007). Celkové variabilita srde¢niho tepu odrazi
velikost mezidobych intervald a nejcastéji kvantifikovanou proménnou je vzdalenost
mezi R-vlinami (GEHRKE et al., 2011).

Nové€ vznikajici technologii je povrchova telemetrie, ktera je neinvazivnim
nastrojem, ktery dokaze kvantifikovat nastup svalové aktivity, kontrakce a zkoumat
vztahy mezi definovanymi uddlostmi a svalovym vykonem. Déle lze monitorovat
svalovou zatéz a adaptaci v prub¢hu ¢asu (HUG et al., 2010).

InfraCervend termografie je zobrazovaci technika, ktera vytvafi mapy zmén
teploty povrchu. Ve veterinarni mediciné se vyuziva mozZnost identifikovani
zanétlivych, vaskularnich nebo neurologickych poruch (Soroko et HOWELL, 2016).

Pro vykon je dulezité, aby se kiin mohl pohybovat bez omezeni. Proto je velka
pozornost vénovana lokomoci koni (BACK et CLAYTON, 2013). Vyzkumy jsou
zaméfeny na odchylky, které mohou byt ovlivnény jak faktory vnitinimi (napf.

zdravotni komplikace), tak vné&jSimi (napf. typ povrchu nebo schopnosti jezdce).
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Akcelerometr je elektormechanicky snima¢ pohybu, ktery se pouziva k méfeni sil
zrychleni (MUTOH et al., 2016). Dalsim snimacem pohybu je gyroskop, ktery
zaznamenava rotaci. Ty jsou cCasto soucasti produktl, které provadéji inercialni
snimani, tj. umoznuji soucCasny zaznam relativni polohy, orientace a rychlosti
pohybujiciho se predmétu (inercialni senzor), ktery mize byt ptipevnén ke koni nebo
jezdci. GANDI et al. (2014) hodnotily pohybové vzorce jezdcl pfi jizd€, konkrétné
rotaci ky¢li. MUTOH et al. (2016) prokazali G¢inek hipoterapie na pacienty s détskou
mozkovou obrnou. Konkrétnim piikladem je dlouhodobé zlepSeni chiize po
absolvovani terapie. Také podle CASKOVE (2021) pfinesl nastup vypocetni techniky
vyrazné zkvalitnéni biomechanické analyzy, za pomoci softwarového zpracovani dat
ze zobrazovacich technik a simula¢nich néstroji — techniky napt. 3D kinematograficka
analyza - se pohled pfedevsim na biomechaniku pohybu kon¢ a ¢lovéka méni.
VyuzZiti technologii se ukédzalo jako uZite¢né 1 pii ziskavani daji o chovani,
konkrétn¢ vzdalené zaznamy. Vyhodou je, Ze je odstranéna subjektivita pii sbéru dat
a lze umoznit identifikaci slozek individudlniho chovani, které by vzhledem
k omezenym moznostem lidského oka nebylo mozné. Zejména v podminkach, kdy je
sledovano vice subjekti najednou (RANDLE et al., 2015). Jiz po desetileti se
zaznamenavalo kategorizované chovani do etogramili, pomoci kterych Ize pfi
observa¢nim vyzkumu poskytovat objektivni vystupy (MCDONNELL, 2002). Chovani
je tradicné zaznamendvano do etogrami ruc¢né, v poslednich letech s vyuZitim
videozaznami (ABBEY et RANDLE, 2016). V nedavné dobé¢ se vyskytla nenakladna
moznost vyuziti licencovaného softwaru v mobilnich aplikacich. Limitem je vSak
omezeny pocet kategorii chovani, ktery je povazovan za atraktivni a poskytuji tak
pouze zjednoduseny pohled na chovani. NORTH et al. (2015) navrhli vyvoj pocitatem
podporovaného nastroje pro automatickou identifikaci chovani koni (HABIT). Cilem
je vyhnout se antropomorfizaci pfi interpretaci interakci clovéka a koné. Existuji vSak
otazKy, zda lze pomoci hardwaru a softwaru detekovat vice projevi, Které tvoii jediné

klasifikované chovani.
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2.3.1 Hodnoceni spermatu

Vyznamnou kapitolu tvoti hodnoceni kvality spermatu hiebct, které je uzitecnym
nastrojem pii odhadu plodnosti hiebce a ma velky vyznam pfi zvySovani efektivnosti
reprodukce koni (COLENBRANDER et al., 2003, RODRIGUEZ et al., 2001). Z toho
divodu maji tyto hodnoty velky ekonomicky vyznam v chovu koni. Pocitatem fizena
analyza spermii (Computer Assisted Sperm Analysis — CASA) se diky vyssi mife
objektivity a moznosti vyhodnoceni tisict trajektorii v jeden okamzik postupné stava
standardem pro hodnoceni spermii a jejich kinetickych parametra (CONTRI et al.,
2013). CASA je zalozena na postupném zachyceni snimk z mikroskopu a jejich
nasledné digitalizaci. Pohyblivé spermie pozorované na téchto snimcich jsou nésledné
identifikovany na nésledujicich snimcich, coz umoziiuje stanoveni jejich trajektorii.
Ty jsou matematicky zpracovany a lze je vyjadiit v cislech. Vysledky tohoto
zpracovani se odrazeji v fad¢ parametrt, které presné definuji pohyb pro kazdou
jednotlivou spermii (QUINTERO-MORENO, 2003). Pii hodnoceni kvality spermatu jsou
etal., 1988, NEUWINGER et al., 1990). Konkrétné¢ hodnoceni motility je jednim
Z nejvyuzivangjSich parametra kvality spermatu (VEZNIK et al., 2004, CONTRI et al.,
2010). Mezi dalsi se fadi hodnoceni rychlosti spermii. Obrdzek 3 znézoriiuje
terminologii systému CASA hodnotici rychlost spermii. Zelené body zndzornuji
kterd se nazyva kiivocara draha (curvilinear path). Casové zprimérovana rychlost
podél této trajektorie se nazyva VCL (mm/s). Modfe oznacend je vypoctena primérna
draha (average path) a casove zprimérovana rychlost podél této drahy se nazyva VAP
nazyvad ALH (mm). Dale existuji body, kde kiivocara dradha protina primérnou drahu
a jejich pocet se oznacuje BCF (pocet za sekundu). Koeficient kolisani (WOB) se

pocita jako podil VAP a VPL (%) (AMANN et WABERSKI, 2014).
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Obrazek 5: Hodnoceni pohybu spermii systémem CASA

Automatickda morfometrie vylepSila hodnoceni morfologie spermii s piesnym
a opakovanym meéfenim rozmérd hlavicky u riznych druhti, véetné hiebcti (SOLER
et al., 2003, HIDALGO et al., 2005). Navic lze tuto analyzu pouzit k prokazani jemnych
rozdilll v rozmérech hlavicek spermii u plodnych a neplodnych hiebcli (HIDALGO
et al., 2008). Postup hodnoceni morfometrie hlavicky mtize zahrnovat méteni jedné
stovky spermii ze vzorku, kdy 1ze zaznamenat nasledujici parametry hlavicky: délku,
Sitku, plochu a obvod. Z nich lze vypocitat nasledujici parametry tvaru: elipticita =
délka/sitka, drsnost = 4m*plocha/obvod?, prodlouzeni = (délka-§itka/délka+sitka)

a pravidelnost = (r*déla*sitka)/(4*plocha).

2.4 Statistické metody

V tad¢é obort se vydélil samostatny smér zkoumani zalozeny na analyze dat.
Statisticka analyza dat nabyva na stale vétSim vyznamu a stava se Casto jednim ze
zékladnich pfistupt v fadé piirodovédnych, technickych a socialnich véd (MELOUN et
MILITKY, 1993). V pribéhu 20. stoleti se vyuziti statistickych analyz naméfenych nebo
zjiSténych dat stalo témét povinnosti pii publikovani vysledkl nejriiznéjSich typt
studii. Statistickych metod je ovSem celd fada a souvisi to jak s charakterem
sledovanych jevli a odvozenych proménnych, tak s upotaddnim datovych soubort
I po¢tem proménnych. Pro popis té€chto dvou vztaht je pak zakladem statisticky model

struktury dat a z n¢j vyplyvajici vhodna metoda statistické analyza (HENDL, 2015). Pro
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rizné typy znaku se pouzivaji rizné Ciselné charakteristiky. Podle rostouciho stupné
kvantifikace rozliSujeme Ctyii typy znak: nomindlni, ordindlni, intervalové
a pomérové (BUDIKOVA et al., 2010).

Chov koni je v dnesni dob¢ spojen hlavné s jezdectvim. T¢zké pracovni vyuziti
koni je jiz minulosti a chov za u¢elem produkce masa neméa v Ceské republice tradici.
Jezdectvi zahrnuje fadu Cinnosti, pii kterych je ki uzce propojen s ¢lovékem. Mezi
celosvétove rozsitfené discipliny 1ze fadit parkur, drezuru, vozatajstvi nebo westernové
jezdéni. Dalim vyuzitim koni jsou rehabilita¢ni aktivity, které se déli do tii oblasti —
fyzioterapeuticka a ergoterapeuticka (MUTOH et al., 2016), pedagogicka a socialni
oblast (BURGON, 2011) a psychicka a psychologicka (LAC, 2016). Welfare koni se
dostava v dnesni dobé do popiedi zajmu po celém svété s rostoucim zaméfenim na
potfebu vytvofeni kodexu v jednotlivych zemich, které by zahrnovali pravidla pro
management a zachazeni s kofimi béhem transportu (PADALINO et al., 2016), ustajeni
(DALLA COSTA et al., 2014) a zavodi (WILLIAMS et RANDLE, 2017). Vyuziti
technologii s automatickym zdznamem se mize zdat vyhodné z hlediska usnadnéni
prace, ale neztidka ptepis dat, jejich hodnoceni a redukce ¢asto zabere mnohonasobné
delsi ¢as v porovnani s jejich ziskanim (MARTIN et BATESON, 2007). Bez ohledu na
pouzitou metodu a technologii zaznamu je podle RANDLE et al. (2017) dulezité
dodrzovat soubor ¢tyf védeckych principi — piesnost, spolehlivost, preciznost

a vhodnost, aby bylo zajisténo, Ze data budou méfena dobie (tabulka 3).

Tabulka 3: Principy védeckého méfeni a sbéru dat (RANDLE et al., 2017)

Princip Definice

Presnost Jak dobte métena hodnota odpovida skutecné hodnote.

Systematicka chyba Konstantni chyba, ktera zlistava stejnd pro vSechny méteni.

Vyskytuje se pouze v jednom sméru.

Preciznost Podil zaznamt bez chyby méteni.

Nahodna chyba Néhodna chyba nastane v experimentu kvili nejistym

zménam v prostfedi. Vyskytuje se v obou smérech.

Platnost Nakolik dany diagnosticky nastroj méfi to, co ma.

Spolehlivost Jak stabilni je méfici zafizeni a jak dobfe méfena hodnota

odrazi zmény skutecné hodnoty.
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Na obrazku 4 je nazorn¢ vyobrazen vztah mezi principy védeckého meéieni
(RANDLE et al., 2017). Pfipad A znazornuje situaci, kdy jsou nahodna i systematicka
chyba malé, coz vede k platnému méfeni a vysledkiim, které lze povazovat za
spolehlivé. V piipadé B je nahodnéa chyba maléd a systematicka chyba je velka, coz
znamena, ze vysledek je spolehlivy, ale postrada platnost, ¢imz postrada uzite¢nost.
Varianta C ukazuje velkou nahodnou chybu a malou systematickou chybu, coz
znamena, ze vysledek postrada spolehlivost i pfes vysokou platnost (validitu), a proto
je malo uzitecny. V ptipad¢ D jsou nahodna i systematickéa chyba velké, to znamena,
ze vysledek postrada platnost i spolehlivost, a proto neni uzitecny. HOLMES
et JEFFCOTT (2010) uvadéji, Zze sbér a analyza dat z oblasti jezdectvi by mély byt
v souladu se zakladnimi principy méteni. PIERARD et al. (2015) doporucuji vyuziti
technologii s ovéfenymi platnymi postupy vSude tam, kde je to mozné.

Tvrzeni WARANA et RANDLE (2017), Ze co umime méfit, umime i ovladat,
zdiraziiuje vyznam méteni, posuzovani a hodnoceni jezdecké teorie a praxe. U koné i
jezdce lze provést celou fadu méfeni. Lze ziskavat fyzikalni tidaje, jako jsou tlak
anapéti, lze provadét fyziologickd méfeni, napiiklad méfeni srde¢ni frekvence
a teploty. Mezi mozna behavioralni hodnoceni Ize fadit zaznamenavani stereotypniho
chovani nebo specifické ¢innosti, které zahrnuji zvykani, polykani nebo mrkani.

Obrazek 4 zobrazuje Ctyii mozné scéndie zalozené na principech védeckého
méfeni se zahrnutim dopadu systematickych a nahodnych chyb, které mohou
vzniknout pii pouziti technologického vybaveni pro zaznam dat. Pouze, kdyz je
zaznamenané méteni presné (tj. systematicka chyba je mald) a precizni (tj. ndhodna
chyba je mald), mohou byt ziskana data povaZovéna za platna (validni) a spolehliva,
a tim zajist'uji statistickou analyzu, kterd miZze dospét k zavérim skutecné zaloZzenych

na dukazech (RANDLE et al., 2015).
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PRESNOST
VYSOKA NIZKA
]
|
VYSOKA
A: Vysoka platnost B: Nizka platnost
a vysoka spolehlivost a vysoka spolehlivost
PRECIZNOST
MNIZKA
C: Vysoka platnost D: Nizka platnost
a nizka spolehlivost a nizka spolehlivost

Obrazek 6: Vztah mezi principy védeckého méreni (RANDLE et al., 2017)

RANDLE et al. (2017) se zamé&fili na vyzkum v oblasti jezdectvi. V tabulce 4 je
uveden piehled zékladnich principi planovani experimentu ve studiich z oblasti
jezdectvi, které ve své praci uvadi. Veskery vyzkum by mél dodrZovat Siroce uznavany
soubor principti méteni. Védci by méli stanovit nejvhodnéjsi metodu sbéru dat, aby
zajistili reprezentativni tidaje.

Velky pokrok v poslednich desetiletich pfineslo pouzivani pocitaci
a specializovaného statistického softwaru (napt. Statistica, SPSS, NCSS, SAS), coz
odstranilo nutnost provadét manualné komplikované vypoéty. Informaéni technologie
maji — pfes nesporné velky uZitek — 1 negativni vliv v tom, Ze umoziuji provadéet

nejruznéjsi vypoclty, aniz by uzivatel presné chapal, co se pocita (HENDL, 2015).
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Tabulka 4: Zakladni principy navrhu pokusu v jezdectvi (RANDLE et al., 2017)

Princip

Diivod v ramci vyzkumu v oblasti jezdectvi

Kontrolni skupina

Moznost porovnat experimentalni/testované

podminky s nemanipulovanymi

Kontrola faktori vhodnym
postupem sbéru dat a

vybéru objekti

Pohlavi koni, vek, pfedchozi zkuSenost, krmeni,

ustajeni, stupen tréninku

Opakovani

Jediné méfeni je nedostate¢né Kk dosazeni

veédeckych zavéra

Nahodny vybér

Nahodny vybér testovanych objekti. Vzorky
koni nebyvaji jednotného genotypu nebo
fenotypu a mize ovliviiovat sledované vlastnosti,

proto je ndhodny vybér obzvlast dillezity

Efekt poradi

Poradi, ve kterém jsou jedinci testovani muze
ovlivnit vysledky. Konkrétné v jezdectvi se mtize

jedné o unavu koni nebo hodnotiteli.

Rizeni podminek pokusu

Zajisténi  vhodného  prostfedi  k pokusim.
Vétsinou je vhodnéj$i znamé prostiedi
V porovnani s novym, pfi pouziti objektli by na né

hodnoceni jedinci méli byt zvykli.

Nezavislost méreni

Provedend méfeni by na sob& méla byt nezavisla,

tedy neni opakované méten jeden jedinec.

Nezaujatost hodnotiteli

Byva problémem u hodnoceni koni, které je t€zké
anonymizovat vzhledem k velkym fenotypovym

rozdilim

V etickém ramci je komplikovanou otazkou pocet pozorovani Vv planu pokusu.

Vzorky pod 10 jedinct jsou obecné povazovany za malé (HOLMES et JEFFCOTT, 2010).

PIERARD et al. (2015) poukazuji na to, Ze hodnotu vyzkumu, zejména toho, ktery

zahrnuje maly pocet pozorovani, 1ze zvysit aplikaci konzistentni metodiky a vysledky,

v

které mohou byt porovnavany napfi¢ studiemi. Jakmile je stanoven pocet pozorovani,

zajisténo etické schvaleni je zahdjeno experimentalni testovani. Pouziti technologii ke
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sbéru informaci rychle generuje velké objemy dat, které budou mit hodnotu pouze pfi

spravném pouziti (HOLMES et JEFFCOT, 2010).

Orienta¢ni doporuceni pro volbu statistického test vychazi z rozdéleni ndhodnych

proménnych a jejich stfednich hodnot ve tiech situacich, které se v praxi vyskytuji.

Jedna se o porovnani vybéru s teoretickymi predpoklady, porovnani dvou zavislych

nebo nezavislych vybért, porovnani vice nez dvou zavislych nebo nezavislych vybéri.

V tabulce 5 je uvedeno, jaké metody a statistické testy lze pouzit pfi kombinaci

riznych typt proménnych (HENDL, 2015).

Tabulka 5: Hodnoceni vztahu proménnych — rozhodovaci tabulka pro vybér metody nebo
statistického testu (HENDL, 2015).

Druha z Jedna z proménnych
proménnych spojita spojita ordinalni ordinalni nominalni  dichoto

(normalni) (nenormalni) poiadova kategorialni micka
spojita regrese,
(normalni) korelace
spojita regrese, poradova
(nenormalni) poradova korelace podle

korelace podle Spearmana

Spearmana
ordinalni pofadova poradova potadova
poradova korelace podle  korelace podle  korelace podle

Spearmana Spearmana Spearmana
ordinalni Kendalltv Kendalltv Kendalltv Kendalluv
kategorialni koeficient koeficient koeficient koeficient

korelace korelace korelace korelace
nominalni analyza test Kruskala  test Kruskala 2 test Fishertiv x2 test
rozptylu a Wallise a Wallise piesny test Fisherav
piesny test
dichotomicka t-test, z-test pro Wilcoxontiv Piesny x2 test x2 test
z-test velké vybéry, test Wilcoxontiv Fishertv Fishertv
Wilcoxoniv test, x2 test presny test presny
test trendu test

v kontingen¢ni

tabulce
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3 Hypoteézy a cile prace
Vyzkumné hypotézy

Pro dosazeni cilt byly stanoveny nésledujici vyzkumné hypotézy.

e Hmotnost teplokrevnych koni Vv ristu Ize odhadnout s vyuzitim vhodnych
télesnych parametra.

e S vyuzitim Brodyho funkce 1ze aktualizovat riistovou kiivku teplokrevnych
hiebcti a stanovit pasmo standardu.

e [ze ocekavat, ze morfometrie spermii ovliviiuje jejich kinematické
parametry.

e Kvalitu chlazené davky ejakulatu teplokrevnych hiebct ovliviluje pouzité

fedidlo.

Cile prace
Tato prace byla zaméfena na Ctyfi hlavni cile.

e Vytvofit vhodny vzorec pro odhad hmotnosti rostoucich teplokrevnych
koni na zakladé vybranych télesnych parametri.

e Sestavit a aktualizovat existujici matematicky ristovy model s vyuzitim
Brodyho funkce pro teplokrevné hiebce.

e Vyhodnotit souvislosti morfometrickych a kinematickych parametrti u
spermatu teplokrevnych hiebcti.

e Porovnat vliv tfi vybranych fedidel na kvalitu chlazenych davek

teplokrevnych hiebci.
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4 Experimentalni cast a vysledky

’

4.1 Odhad télesné hmotnosti hifebcl z linearnich méreni

teplokrevnych koni

Hmotnost koné je pro chovatele dilezitou informaci, at’ uz je to z divodu
pfepravy zvifat nebo naptiklad davkovani 1é¢iv. Existuje fada vzorci pro odhad
hmotnosti u koni, ale vSechny jsou vytvoieny pro dospélé jedince.

Cilem této studie bylo vytvofit vzorec pro odhad hmotnosti u rostoucich
teplokrevnych zvifat zalozeny a linearnich vztazich. Celkem bylo zvazeno 524
teplokrevnych koni ve vé€ku od 97 do 1290 dnli a u kazdého bylo provedeno 13
télesnych méfeni. Na zdklad€ nejvétsi miry korelace s hmotnosti byly vybrany pro
odhad télesné hmotnosti ¢tyfi miry: délka téla (DT), obvod hrudniku (OH), vyska
hrudni kosti (VHK) a ptedni $itka panve (PSP), ktera se méfi mezi zevnimi hrboly
kycelnimi. Z téchto ¢tyt parametrti byl vytvotfen vzorec

[(2+VHK*OH)*2+DT?+PSP]
10 000 000

pomocna hodnota =

Byl bran ohled na riznou intenzitu rdstu u koni v prubéhu dospivani, a proto byly
vytvoreny 4 vékové skupiny s hrani¢nimi hodnotami 365, 650 a 950 dnti. S vyuzitim
koeficientd linearni korelace mezi vypoctenymi a skuteCnymi hodnotami hmotnosti
byl vytvofen vzorec pro odhad hmotnosti pro kazdou v€kovou skupinu.

hmotnost = koefcient_1 * pomocna hodnota + koeficient_2

Hodnoty koeficientu pro koné¢ ve véku do 365 dnd: koeficient 1=4,46;
koeficient 2 = 91,12; vék od 365 do 650 dnu: koeficient _1=3,83; koeficient 2 =
135,87; vék od 651 do 950 dnti: koeficient 1=3,60; koeficient 2 = 168,09; vek nad
950 dnii: koeficient 1=3,23; koeficient 2 =221,55.

V porovnani s ptedchozimi vzorci pro odhad hmotnosti u teplokrevnych koni je
tento pro teplokrevné koné€ nejvhodnéjsi. Tento vysledek byl potvrzen statisticky (p-
hodnota < 0,001) a hlavnim divodem je zohlednéni rizné intenzity rastu v pribchu

vyvoje koni.

Publika¢ni vystupy:

COUDKOVA, V., SACHELLO, V., STERBOVA, H., KLEINOVA, A., PAPOUSKOVA, Z.,
MARSALEK, M., KOVANDA, J. Bodyweight Estimation From Linear Measures of Growing
Warmblood Horses by a Formula. Journal of Equine Veterinary Science [online]. 2016, 36,
63-68 [cit. 2022-06-12]. ISSN 07370806. Dostupné z: doi:10.1016/j.jevs.2015.09.010
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4.2 Rastové krivky vybranych parametrt hrebcl ¢eského

teplokrevnika

Moznost hodnoceni rastu poskytuje chovatelim uzite¢ny nastroj k analyzovani
vyvoje jedincii. Proto je dilezité stanovit rastové kiivky pro kazdé plemeno.

Hlavnim cilem prace bylo vyhodnotit rGstové parametry hiebci ceského
teplokrevnika (CT) a stanovit jejich riistové kiivky. Celkové bylo zaznamenano na péti
odchovnach 7488 meéfeni u 117 teplokrevnych hiebcti pro kohoutkovou vysku
métenou paskou (KVP) a hilkou (KVH), obvod hrudniku (OH) a obvod holené
(Ohol). Hiebci byli méteni pravidelné ve véku od 7 do 36 mésict a pro vypocet byla
pouzita Brodyho rovnice s nelinearnimi funkcemi s vyuzitim software Statistica.12
(TIBCO®). Pomoci prvni derivace rovnice byla vypoctena intenzita ristu (piepoctena
na denni prirdstek, cm/den). Jako primérmné miry v dospé€losti byly ziskany hodnoty
167,44+ 0,7 cm, 177,1 £0,8 cm, 194,3 +£0,9 a 21,8 £ 0,1 pro KVH, KVP, OH a Ohol.
Nejmensi intenzita ristu byla zaznamenana u KV (0,0026 + 0,0001cm/den) a naopak
nejvyssi u Ohol (0,0032 £ 0,0002 cm/den). Nejvyssi stupen dospélosti pii narozeni byl
odhadnut u KV (70 %) a nejnizsi u OH (51 %). Pro KVH byly stupné dospélosti urceny
pro vék 6, 12, 18, 30 a 36 mésici, a to 83, 88, 92, 94, 96 a 97 %. Pro OH byly tyto
hodnoty pro stejny vék 76, 84, 90, 94, 96 a 98 %. Odhadnuty vék pro 99% stupent
dospélosti byl pro KVH, KVP. OH a Ohol 42, 44, 46 a 38 mésictl. Z toho vyplyva, ze
hodnota Ohol se pfibliZila asymptotické hodnoté jako prvni a OH jako posledni ze
sledovanych parametrt.

Pro vSechny sledované parametry byly sestaveny percentilové a Z-score grafy.
Percentilovy graf s pAsmem standardu mezi 25. a 75. percentilem byl vyhodnocen jako
vhodnéjsi pro vyuziti v chovatelské praxi. Tato prace poskytla podrobné informace
o ristu hiebcit CT a uzitedné ukazatele pro Fizeni chovu, které jsou vyuzitelné pro

teplokrevné hiebce obecné.

Publikaéni vystupy:

COUDKOVA, V., VRBOVA, A., CIVISOVA, H., PAPOUSKOVA, Z., MARSALEK, M. The
growth curves for some biometric traits in Czech Warmblood stallions. Livestock
Science [online]. 2022, 255 [cit. 2022-06-12]. ISSN 18711413. Dostupné z:
doi:10.1016/j.livsci.2021.104782
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4.3 PocitaCem Fizena analyza morfometrie hlavicky a

kinetickych parametrl spermatu teplokrevnych hrebc(

Tato studie byla provedena za ucelem stanoveni semennych charakteristik
teplokrevnych hiebcii a posouzeni vztahu mezi parametry motility spermii
a morfometrie hlavi¢ky spermii pomoci pocitacem fizené analyzy spermii.

Celkem bylo béhem pftipoustéci sezony 2016 odebrano 35 ejakulati od 10
klinicky zdravych a plodnych teplokrevnych hiebcii ve véku 3 az 22 let). Hodnotil se
objem ejakulatu (ml), koncentrace spermii (M/ml), pohyblivost spermii
kinematickymi parametry a morfometrie spermii. Charakteristiky motility,
koncentrace spermii a morfometrické parametry spermii byly objektivné stanoveny
pomoci Sperm Class Analyzer (SCA, MICROPTIC SL). Celkovy pramér = hodnoty
smérodatné odchylky objemu ejakuldtu, koncentrace, celkové motility (MOT),
progresivni motility, k¥ivocaré rychlosti, pfimocaré rychlosti (VAP), piimosti,
linearity, amplitudy boc¢niho posunu hlavic¢ky, frekvence kiizeni drah (BCF),
prodlouzeni a plochy hlavicky byly 50,29 + 29,88 ml, 210,64 + 90,98*10%ml,
88,68 +10,8 %, 36,64 + 15,36 %, 63,23 + 1598 mm/s, 31,02 + 9,39mm/s,
47,53 £ 14,32mm/s, 65,24 + 5,72 %, 48,8 + 8,34 %, 2,68 + 0,41mm, 7,29 + 0,84 Hz,
36,2 + 3,59 %, 15,49 + 1,54 mm?, resp.

Mezi hiebci byly signifikantni rozdily ve vSech hodnocenych parametrech
spermii (p-hodnota < 0,05). Mezi parametry plochy a rychlosti (VSL, VAP a koeficient
kolisani WOB) byly prikazné pozitivni korelace. Prodlouzeni hlavicky spermii
pozitivné korelovalo s MOT. Vice protahlé¢ spermie vykazovaly niZs§i frekvenci

prisecikt kiivocaré drahy s primérnou drahou.
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36



4.4 Vliv fedidla na chlazené sperma teplokrevnych hiebcl

Cilem této prace bylo porovnat ochranny ucinek tifi mléénych fedidel na chlazené
sperma ziskané od hiebcti po delsi sexualni pauze (5 az 6 mésici). Celkem bylo
odebrano 21 ejakulat od 11 hiebcii. K fedéni byla vyuzita fedidla Kenney, EquiPLus
a INRA 96. Hodnoceno bylo sedm parametrii — vitalita spermii (VIT, %), celkova
motilita (MOT, %), progresivni motilita (PMOT), pocCet progresivnich spermii
v mililitru (prog M/ml, milion/ml), primérna rychlost (VAP, um/s), kiivocara rychlost
(VCL, pm/s) a piimocara rychlost spermii (VSL, pum/s). Tyto parametry byly
stanoveny metodou CASA 2 hodiny po zpracovani spermatu a poté po 24, 48 a 72
hodinach skladovani pti 5 °C. Byl prokdzan vyznamny vliv doby skladovani spermatu
(p-hodnota < 0,001) na vSechny hodnocené parametry. Vliv fedidla byl signifikantni
(p- hodnota < 0,05) v ptipad¢ VIT, MOT, PMOT, VCL, VSL a VAP. Primérny
ochranny ucinek fedidla INRA 96 byl vyznamné lepsi po celou dobu skladovani
u vSech sledovanych parametri nez u fedidla Kenney (p-hodnota < 0,01) a nez
u EquiPlus (p-hodnota < 0,05) u hodnot PMOT, VCL a VAP. U vsech sledovanych
fedidel hodnoty Mot a VIT klesaly linearné, zatimco PMOT exponencialné.
Nejrychlejsi pokles PMOT byl pozorovéan v pribéhu prvnich 24 hodin skladovani.
Vysledky dosazené s fedidlem INRA 96 ukdzaly, ze kvalita chlazeného spermatu
u hiebcti odebranych po delsi sexualni inaktivité mize byt dostatecné udrzena nejméné

behem prvnich 24 hodin skladovani.

Publikaé¢ni vystupy:
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5 Pilohy

Kapitola experimentalni ¢ast a vysledky zahrnuje vysledky a data, ktera byla
publikovana v odbornych impaktovanych casopisech. Nazvy publikaci jsou
nasledujici.

e Bodyweight Estimation From Linear Measures of Growing Warmblood
Horses by a Formula.

e The growth curves for some biometric traits in Czech Warmblood
stallions

e Computer-Assisted Sperm Analysis of Head Morphometry and Kinematic
Parameters in Warmblood Stallions Spermatozoa

e Chemically defined caseinate extenders and their effect on the cooled

semen collected from stallions with long sexual rest
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ARTICLE INFO ABSTRACT

Artiche feisteny; Formulas for the estimation of bodyweight (BW) are generally used when no scale is
Received X2 June 2005 avadlable, The objective of this siudy was o develop a suitable Tormula for the BW
Renehved In “'_'“m lmm.wfmpmmrnr E estimation of warmblowd horses of dillerent age that were based on hnear relations, Five
mfu:‘ﬂmﬁﬁ;m hundred twenty-Tour warmbdood horses Trom 97 1o 1,290 days were weighed, and 15 body
measurements, BW, and body mass index were taken, Becawse of the closest lnear oo
- relation with weight, four measurements were selected for weight estimation: body length
Whedght estismation {BL), heart girth (HG), sternum heighi (SH), and front pelvis widih (FVL The formula
Estimation formvida value — (2 % SH + HG) = 2w BL o BL o« FPW 10,000,000 was developed from the four
Warmblood horse selected parameters. Taking into account the wariable growth intensity duning horse
Corowth maturation, four age groups with boundary values of 365, G540, and 950 days were created.
Using the coefficlents of linear correlation between the valuse and actual weight, the for
mula for BW estimation was adjusted for cach age group: mass coefficient_1 =
value + coelficient_2 (horse age < 365 days: coeflicient 1 446, coefficient_ 2 - 31,12;
365 days < horse age < 650 days: cocllicient_1 - 3.83, coefficient_2 - 13587; 651 days
< horse age < 950 days: coeflicient_1 - 3.60, coefficient_2 - 168.09; horse age = 950 days:
coeicient_1 - 323, coeflicient 2 - 221.55). In comparison with past BW estimation
Tormulas, the new equation is the most suitable for B estimation in warmblood horses of

dilferent age (P value < 001}
@ 2015 Elsevier Inc, All rights reserved.
1. Introduction physiological functions of an organism |1]. A horse's BW
can be an important health indicaror, Knowing how mach a
Horse bodyweight (BW) is not always a parameter horse weighs and whether it is curmently gaining or losing
which horse owners and breeders are able to accurately welght can help identify health issues, Low BW in a horse
estimate. However, it is an important parameter describing can e caused by health problems (disease or hormone
body  development and is a rough equivalent of imbalance), old age, parasites, overwork, an unbalanced

dier, insufficient feed access (sometimes caused by a low
pecking order in the herd ), or genetics [ 2], Knowing the BW
* Conmespinding authion at: Veronika Coudiosd, Madice 13, 391 #1 af a horse &5 important in many facets of horse care,

Vel mael Ludnbel, Cracly Hepublic, . ; ) A
Hoanail address: nika 1 M0seznam 2 (V. Coudkovi). including designing feeding programs and administering

¥ -DHOGIE - wew Tromt matter o 2005 Elsevies lnc, A dighits reserved,
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medication. However, horse owners and velerinanans
waorking in the field do not generally have access o a
livestock scale for the purpose of obtaining a horse's weight
[3]. Drugs and anthelmintic preparations are potentially
toxic and should be limited to the dozages dictated by the
weight of the animal [4.5]. Sendel [2] found that incorrect
BEW estimation may result in ovendosing or underdosing the
animal. Overdosing medicinal products may cause toxicity
and colic or other serious complications, including death
1 2], Underdosing will not produce the desired effects and,
in the case of antiliotics, may lead to antibvotic resistance
[Z]. Johnzon et al [G] found that B8%X of horse owners
underestimated actual BW by an average of 84.37 ke

Several researchers have developed BW estimation for-
mulas using body measurements of adult horses |3-5.7-14]
and ponies [15-17). Stanier et al [18] predicted BW of
growing Thoroughbreds, Bodyweight of foals at 2 months of
age 15 reaching 25% Lo 30E of the weight of the adull animal
and after the & months of age 455, Height at withers [HWs)
of yearlings is corresponding (o 91% o 93% of adulis, but
their weight corresponds to only 62% to 76% of the weight in
adulthood, In the second year of life, the growth rate slows
down. Two-year-old horses reach B4% to 90% of BW of adult
animals [19-21]. Dusek et al [1] described changes in the
body constitution of growing horses, Body framework of
foals is similar to standing rectangle because HW is greater
than body length (BL). Within 12 to 18 months of age, the
body framework is changing into the square format. During
further growth, BL is increasing faster than HW, so the body
framwe is similar to a rectangle lying on the longer side,

The objective of this research was to develop a simple
formula to estimate the BW of different agpe groups of
warmblood horses hased on body measuremenis.

2. Materials and Methods

Measurement and weighing of horses were done on frve
farms across the Czech Republic in 20010 to 2012, A total of
524 horses at 97 to 1,290 days of ape were measured and
weighed on a portable livestock scale KERN UFA 15105
(Kern & Sohn GmbH, Balingen, Germany) to the nearest
0.5 kg In total, 15 varables including 13 body measure-
ments (Fig. 1), body mass index, and BW were determined.
Thirteen body measurements inchoding:

Height at withers measured by the stick
Height at withers measured by the tape
Heart girth (HG)

Carpus ciroumference [(CC)

Sternum height (SH)

Height at sacrum

Height at cross

Height at root of the tail

EL

Fromt pelvis width (FPW)

Medium pelvis width

Breast width of the shoulder joints
Width of the heart

We first examined the relation between BW and age of
horses expressed in days by regression analysis, Next, we
evaluated the influence of each of the 13 determined body
measurements on horse BW independently of the others.
Subsequently, we evaluated the influence of combinations
of girth, height, and length measurements on BW. Taking
into account the growth physiology of horses, four age
categories were crealed with boundary values of 365, G50,

Fifg. 1. The: representation of body measurements used for the caboalation (1

heeighit at wither measuned by the stckfape; 2 — height at oroup; 3 - height a

sternuan, 4 — eight af rool of the le; 5 - stemum height; 6 - wid ool the heart, 7 - body bength; 8 - heart girth, 9 - canpas croumlenence; 10 - breast width
of the shoulder joints; 11 — front pebvis width; and 12 — mediom pehvis wideh] 1],
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Tabie 1
The equations lor estimation of BW (kg) from girth, beight, and length measurements {om), which were used in comparison with the new one.
Source Eguation
Shaker et al |8] EW — height ar withers = helght at croup = body length = 000000
Carroll and Hungtingtan |5] _— mar:ﬂﬂ:‘;;;;mnem
Hall [10] BW beart girth® = body length

11,880

- 3
Marcenac et a [22] o (""’:m"“‘ x 80
Brown et al 23] i anrd‘li;‘gudrlcmrh

. (& 1) pf -
Milner and Hewit 4] e . [heart girth x 0.3%) ;Et:ﬂh'mﬁﬂﬂ] w045

Abbreviation: BW, bodyweight.

and 950 days from birth. Relationship of the particular
parameters (and their combinations) and BW was repre-
sented graphically and examined for a linear relationship,
Fimally, combination of body measurements was selected
that showed the highest level of bnear relationship with
Bw.
Consequently, selected parameters were combined to
most accurately estimate horse BW for different age groups
using a simple formula. Based om this, four body mea-
surements were selected, induding:

+ Body length—length from the tuber ischium to the point
of the shoulder.

# Sternum height—distance from the surface of a plat-
form to the sternum.

«  Heart girth—measured around the ciroumference of the
horse, directly behind the shoulder and over the horse's
withers,

« Front pelvis width—distance berween the external iliac
tuberosities.

Fig. 1 illustrates how to take the four selected body
misasurements.

Actual BW was then compared with existing predicted
BW equations |4,5,8,10,22.23] (Table 1) and to the newly
developed formula using Spearman’s coefficient of corme-
lation. In addition, percent error was caloulated for each
method using the following formula | 18]:

observed value — predicted volue N

Error (%) = . i

100

Table 2

Cross-validation was used as a model evaluation method
of suitability of newly developed formula for estimation of
BW of growing warmblood horses, The programs MS Office
and Statistica 10 were used for the data processing.

3. Results and Discussion

Horses included in the present study represenied a
broad selection among warmblood horses in the Czedch
Republic (Table 2] Horse BW ranged from 214 to 712 ke,
and age ranged from 976 to 1,290 days. Horses older than
18 months hawve the body constitution of a rectangular
shape lying on the longer side. During next growth, the
body constitution of horses does not change [1]. Three-
year-okd horses reach 923 of BW adult animals |21,

The linear relationship of horse BW o age (in days)
shows that age is a poor predictor of BW (£ = 0,59). This is
due 1o the rapid growth and BW gain observed in the first
year [1,19-21].

The growth curve of a horse s not linear and varies with
age. Dudek et al [1] determined that the body constitution
of a foal changes with increasing age. The initial body
framework is similar to a standing rectangle because the
withers height is greater than the BL. This gradually
changes within 12 to 18 months, taking on a more square
shape as BL increases, Between 2.5 and 3 years of age, HW
and height at cross tend to become more equal with a slight
increase in HW. By age 4 years, most horses tend to become
stahle and growth is limited. McKierman | 24 | reported that
the BW of warmblood adult horses ranged from 450 1o
650 k. Between 4 and 5 years of age, also the largest horse
breeds are Fully mature | 19-21].

Body measwrements, actual BW, and prodicted BW {mean 1+ 510 of growing warmblood horses,

Humber of Days Humber FF o) BL {cm] 5 {cm) HE (cm) Actual BW [kg) Estimated BW (kg)
From Birth ol Horses

EE ET] FEERT] 1362 + 123 B2+ 39 1566 + 148 3336 | 8RO 3336 1 BS0
BE5-650 248 ATT 428 1513 4 74 BT & 42 1719 4 B9 4783 4 566 ATRA 4 521
651950 20 527+ 23 1616 + 6.7 BRA 4+ 473 1848 4 7.0 SHE + 556 SIRE + ARG
=150 45 556+ 25 1659 + 53 BOE + 47 1968 + 56 5936 + 521 SURG + 03

Abhbreviations; Bl hody kength; BW, bodyweight; FPW, frond pebvis widith: HG, heart girthe S0, standand deviation: SH, sternsm height,

* BW estimated by new formula: value
<« F65 days: coeflicient_

= W50 days; coefficient_1 — 360, coefficient_2

41

li2 = SH 4+ HG) = 2 = BL = BL = W] 10000000, mass — ooefficient 1 = vahee + cocfficient_2 (horse age
AAG coelficient_2 — 9112, 365 days < horse age < 650 days: coelficient_1
16E04; horse age = 950 days; coefficient_1

383, coefficient_Z - 135.87. 651 days < horse age
323, coefficient_2 — 231.55)



Table 3
f?mﬂlmﬁmhmmmmmm
actuzl hody weight of growing warnmblood harses (P valee = 01,

Body Wurner of Days From Birth
MEsUTEmEnt ) Groups <365 365-650  651-950 950
HWs 0E3 D& DES 063 A6
HWT 0,80 081 OE2 056 0I5
H5 070 0rr o sk 045 42
HC 071 0E0 D62 055 037
HET 068 o7 05T 51 0.0
BWS 07 087 063 043 027
WHE 02 0 0T 053 a1
W 081 087 0ES 048 s
MW 083 sl 0TS 065 0,40
BL 0 s 0TS 055 .40
sH 030 042 027 026 025
HG 087 086 076 e 045
o 070 0E2 063 058 —
FPW < BL nE9 085  0E4 070 ns2
w SH = HG

Abbrevistions: BL, body length, OC, Carpus ciroumference; FPW, Fromt
pebvis width: HE, heart girth; HWS, height at wither; SH, sternam heighit;
HWT, helght at withers measured by the tape; HS, height at saonem; HC.
height ab cross; HET, height af rool of the Lail; EWS, breast width of the
shaoulder joints; WHL, width of the: heart; MW, mediom pelvis width,

Table 3 shows evaluation of the influence of each of the
13 determined body measurements on horse BW inde-
pendently of the others and one combination of them. For
the estimation of horse BW, the combination of four body
measurements was determined to be the most accurate in

¥ Coudkovd ot al |/ Jownal of Bguine Veterinary Science 26 (2006) 5168

predicting BW, induding SH, HG, BL, and FPW (R* = 0.89).
Heart girth and PAT represented girth measurement, SH
height, and BL length measurement. In correlation between
HEG and BW, Carroll and Hungtington [ 5] achieved the same
result (R* — 0L87), but in case of BL and HW, they ohtain
lower B2 (0.75 and 062, respectively). Other authors have
also assessed the body measurements of BL and HG as ideal
for estimating BW in adult horses (4581022 23| (Table 1)
Stamier et al [ 18] used to monitor growth of Thoroughbreds
HCG. BL, CC, and left forelimb (distance from the point of the
elbow to the midpoint of the proximal sesamoids).

These body measurements were included in a new Bw
estimation equation for growing warmblood horses:

(2 = 5H 4 HG) = 2 x BL = BL = FFW)

N
Vinke: = 10,000,000

Formula 1

Subsequently, the basic formaila was adjusted by means
of coefficients for each of the four age groups to reflected
changes in intensity of growith of horses, Fig 2 represent a
linear dependence of the value calculated by the basic
Formula 1 (value) and the actual weight of horses, on the
basis of which the coefficents for Formula 2 for the
particular age groups were determined. The first teo
groups, which include horses until 650 days of age,
achieved correlation coefficient greater than 0.85. In hors-
es, 651 o 950 and =950 days of age correlation were
reduced to B — 0.76 and B = 0,60, respectively (Table 4).

80 &BD 100 120 14D 16D

130

N 40 &0 100 120 14D 18D

2

150

5
& 1
z
E
[}
£y

80 ED

]

100 120 140 160 130 20 4D

100 120 140 160 15D
4

&80

VALLUE

Fig. 2. Linear depenslence of the variable valee caloalated by the basic Formula 1 (valoe

{2 « SH § HE) = 2 = BL = BL = FPWY 10,000,000} and the actual

weight of horses (ki) for four age groups, on the hasis of which the cosfficients for Formula 2 for the particular age groups seve determined (1; age =356 days,

n — 30, actual weight (kg)
R 085 32 651 vo 950 days, n — 200, scoual weigh (k)

GLEE + 446 « valee, P — D000, B — 0898 2 365 to G50 days, n

248, acnial weight (kg) — 13587 + 383 « valoee, P — D000,

15809 4 360 « walwe, P — 0000, B — 076; and 4: age > 950 days. m — 45, aciual weight (kg - 22155

b AT value, P o 0000, B — 0600, BL, body length; FIV, front pebris width: HE, beart girth: SH, stermam beight.
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Tahie 4
Coefficients and B for the calculation of BW of warmblood horses for four
age groups by Formula 2 mass — coefficient_1 » valwe 4 coeffident_2,

Age of Horse ([ays) Coefficient_1 Croefficient_2 B

<365 AA6 91.12 0.98
BES D 183 13587 085
651160 360 16809 076
- G5} 123 X255 060

Abbweviation: BWW, bodyweight.

Future research should foous on data collection for these
age groups and improved BW estimation equations. The
reason is that B values of linear relationship hetween hody
measurements and the actual BW of horses decrease as the
horse age. 5o, the linearity of growing of warmbloed horses
decreases with increasing age. Subseguently, B values of
linear relationship between variable value, which based on
hody measurements, decrease as the horse age,

Table 4 shows the coefficients for the calculation of the
BW of warmblosd horses within age groups. These
coelficients are substituted in the Formaula 1, and the result
equation is listed below.

Muss = coefficient_1 = vadue + coefficient 2

Resulis from Formula 2 were compared with six previ-
ously published equations (Fiz. 2). There were differences
between the newly developed equation and previously
publishied BW estimation equations (P value < 000% I all
formulas, a high level of correlation between the calculabed
and actual BW of horses was demonstrated (Spearman’s
coefficient =0.95). But the interpretation of a difference
between the calculated and actual BW for particular for-
mulaz showed that actual weight is either underestimated
or overestimated. The caloulation according to Shaker et al
[8] underestimates the BW to the langest extent, by an
average of 78 kg. The same result was obtained using the
formulas developed by Carroll and Hungtington [5] and
Hall [10], which underestimate the weight an average of

Formula 2

fy

EE

ERIPIE

| ——
/ / VAV A / ;
f’ j‘ {

g e

Fig. 3. The box plot companing differences berween cabtulaed weighes
acconding 1o the partioular formukas amd the: aoneal horse weight (o - 524;
P valse = 0001),

Table 5
the fnrmulas and achsal BW [ homogeneouss subsets ) and mean ermor of the
calculation.

Kruskal-Wallis Test: H (7, n = 4011) = 3338427 P = 0,000

Farmaila Mran Difference 1 2 3 456
Error (%]  Mcan + 5D
Shaker ot al [%] 162 778 + 436 “
Carmedl amd 1na 541 4+ 318 *
Hhngtington |5]
Hall [10] 1ns 5345 WA 2
Marcenac of al | 22| &7 178 + 30.7 4
MNew lormula 39 053243 .
Brown et al [23] 5 o970 5 34,1 i

Milner and Hewdr [4] 206 1394 + 45.1 “

Ahbreviations: BW, bodyweight; S0, standard deviation,
2 P D0l

54.1 kg and 53.4 kg, respectively. The cdosest estimation of
BEW was obtained by wsing the formula developed by
Marcenac et al |22], which resulted in an underestimation
in BW of 179 kg Other formulas overestimated BW,
including formula developed by Milner and Hewit [4],
which overestimated horse BW o the largest extent
(#1394 kgl A comparison of differences between the
calculated and actoal BW demonstrated a difference
{Pvalue = 000) between the formulas (Table 51 The mean
error of the calulation acoording to the formula come-
sponds (o the absolute value of a difference in the estima-
tion of horse BW and actual BW. The highest ermor of Bw
estimation was observed in formula developed by Milner
and Hewit [4], whereas the newly developed formula
estimated the BW of warmblood horses with the lowest
eITor AMONE existing BW estimation equations, the lowest
emor ocourred when  uwsing  equations developed by
Marcenac et al [22).

Mone of the existing equations used for comparison took
into the account growing horses, Stanier et al | 18] esti-
mated the BW of growing Thoroughbred horses: however,
their study was aimed at foals until 540 days of age. And
they wsed to monitoring of growth HG, BL CC, and left
forelimb. Because our 13 body measurements did not
include left forelimib, their formula conld not be included in
the comparison. However, they stated that in the BW esti-
mation of growing Thoroughbred horses, if selected for-
mulas of other authors were used [5,25.26), the mean ermor
of the BW estimation increased with decreasing age of foals,

4. Condusion

Providing a simple but accurate BW estimation for-
mula for growing warmbloods using body measuremenits
has wide application in the horse breeding indusiry.
Based on the relationship between BW and age, horses
were divided into four age categones with boundary
values of <365, 365 to 650, 651 to 950, and =950 days
from birth. Four parameters incloding FPW, BL, SH, and
HG were selected as the most suitable body parameters o
be wsed for BW estimation. Varable [or estimation of
horse BW was value — [(2 < SH + HG) = 2 = BL = BL =
FPW]10,000,000,
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Linear dependence between actual BW and variable
value was constructed for each age category of horses. The
resulting coefficients were added to strengthen the original
equation: mass — coeffident_1 x value + coefficient_2
(horse age < 365 days: coefficient_1 — 4.46, coefficient_2 —
91.12; 365 days < horse age < 650 days: coefficient_1 =3.83,
coefficient_2 - 135.87; 651 days < horse age < 950 days:
coefficent_1 = 3.60, coeffident_2 — 168.09; horse age >
950 days: coefficient_1 = 3.23, coefficient_2 — 221.55).

A comparison of BW estimation to existing formulas
shows that warmblood horses BW can be accurately pre-
dicted using formulas developed by Marcenac et al [22].
However, the BW estimation formula currently developed
resulted in the greatest accuracy when predicting growing
warmblood horse BW. Therefore, this equation seems to be
the most suitable for the BW estimation of growing
warmblood horses,
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HIGHLIGHTS

= Growth patterne of the Czach Warmblood stallions were shadizd.
= Ercdy modal was used o describe the growth of four Memerric traims.
& Perzentile and Z-seore growth curves were establizhed.
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1. Introduction

ABTRACT

Thie passibility of growth tracking gives breeders the apporbmity to analyse amimal development and monitar it
in daily farm management. Therefore, it is impartant to estakblish an ideal growth rate for each breed. The main
abjective of the present stody was to characterise the growth patterns of Czech Warmblood (CW) stallions and
astablish their growth curves. A totzl of 7,4E8 records for withers beight (WH) measured by stick (WH,), WH
maasared by tape (W), girth {5) and cannon circemferencs: (C0) were obtained from 117 warmblocd stallions
raised at five rearving facilides for wszing poung horses (RFT). Data were regulardy collected from 7 to 25 moaths
af age. Brody's equation was adjustad using the non-lingar (MLIN) procedures of Statistica software, version 12
(TIBCOY). Growth rates (adjusted daily gain [ADG], cn/d) were cbiained fram the first dertvative of the
@juatians. The mesn mature sizes were 167.4 + 0.7 om, 1771 # DB cm, 1943 + 09 cm and 218 4+ 0.1 om,
respectively, for WH,, WH,, G and CC. The slowest grawth rate was observed at WE (0.0026 1 0.0001) and the
fasiest at COC (0.0032 o 3.0002) The kighest degres of maturity at birth was predicted at WH (705) acd the
loweast at G (51%:). The WH, degres of maturity at 6, 12, 1B, 24, 30 and 36 manths of age were E3, BB, 52, 74, 96
and 97, respectively. The & degrees of maruricy for the same ages were 78, 84, 90, B4, 95 and 985, Agoc 2t 999¢
af mature WH,, WHs, G and CC ware 42, 44, 46 and 38 moaths, respectively. It follows that ©C approached the
asympactic vahue as the first ong and @ as the last oo from the maritored biometyic traits. Percentile and Z-score
curves were established for all evalusted bicmetric trafts. Percentiles with nservals from the 25th to 75th as the
standard of Cw stallions appeared mare appropriate far breaders, as they tend o be mrudtive and more easily
understood. The present stady provided detailed information abowt the grosth of CW stallicms, which revezled
usefull indicatcrs for breeding managemant.

and strong health, iz suitable for all types of performance in aquestrian
sports within the International Federation for BEquestrian Sports (FEI)

The Czech Warmblood (CW) is a sturdy horse with a solid body
structurs, having many featores reminizcent of its carriage drawing
ancestors, but with varizble movement mechanics. It is quits long-lived,
hag a good temperament, and iz persivtant, undemanding and reladvely
low in maintenance (Edwards, 1994), The goal of breeding the CW is to
produce 2 noble, proper and easy-to-ride hoses which, based on its
temperament, character, spacious and elastic mechanics of movement

* Coevesponding authar.
E-muzl eddrecs karlow00fzfjoncs (V. Coudkova).

hetpe/rdold crg10.1018/4 Hvsdd 2021 104782

digciplines, as well ag for leisure activities. The adult homse is of medium
body frame with good lines and a solid foundation without obvicus
genetic defects and dizeages. The adult stallion should reach 2 height at
withers of 162170 cm and & canmeon circumference (O0) of 21-22.5 cm.
The Hanowerian Warmblood, the Oldenburg Warmblood, the Holstein
Warmblood, the Foyal Dutch Warmblood (Koninklijk Warmbloed Poar-
danstarnbogk Naderland [KWFHN]) and the Selle Francaiz (5F) are often
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used o refine the OW (3CHET, 20050

Enowledge of the grovth corve iz important to all animal scientis,
regardlags of gpecialization, who are concerned with the sffacts of their
research and recommendations of lifstime prodoction efficiency (Fit-
hugh, 1976]). The breaders’ aim is to produce foals that exhibit optimal
growth and development, but datermining how to achievs an appro-
priate growth rate iz 2 major concern (Pimentel et al | 2017). The ma-
jority of stadies on horse groweth are based on weight, height, chest girth
and cammon bone. Of thase ents, height has more practical
interast bacauge it is raguired for the purpose of dascription and classi-
fication of horsss, while weight iz a2 measure of an animal’s physical
condition (Santos et al, 19%5). Purthermore, studies have also chowm a
high incidence of developmental orthopaadic diseasas when foals have 2
high growth rate (Gallio et al., 2014). Pradinho et al. (2016} suggested
that growth rate iz one of the important paramestars that is taken into
account when creating the feed ration of horees, and it iz therafore of
major importance that accurate growth curves are known, Thas, it i
amential o establich an ideal growth rate for sach bresd (Pimentel et al |
Z017). Grovth evaluation iz a part of stzllion licensing (korung). It is
used to pelect srallions of differsnt breeds uitable for the bresding of
certain breeds. The procedurs regulates the rules of breeding associa-
tions and laws.

The use of mathamatical growth modsals provides an sffactve way to
summarizs the information contmined in data into 2 faw parameters with
biological meaning (Fitzhugh, 1976). Mon-linear functions are eagy to
imterprat biologically and can be readily compared across different
production sywtems (Silva ez al | 2011). Among the most commonly used
growth models are those of Gompertz, Brody, Logistic, Weiball and
Richards and von Bertalanffy.

ESeveral reports have besn generated on the growth conre of diffarent
horese bresds. Great attemtion is paid to thoroughbreds (Denham and
Splan, 2007; Green, 1976; 196%; Hintz =t al., 1979; Hocher and Staniar,
2013; Morel et al | 2007; Onoda et al | 2011, 2013; Pagan ¢ al | 1996;
Fogers et al , 2004; Staniar et al |, 2004; Staniar =t al | 2005; Thompson,
1555); other breeds analysed are Caspian horses (Hosssin-Zads=h and
Ghorhami, 201E), Lusitano horees (Fradinho et al | 2016}, Pantaneino
horoes (Santos =t al | 19997, Cricllo horpes (Piment=l =t al | 2017],
Mangalarga Marchador horses (Cabral et a2l | 2004; Pernandes et al |
2020; Pinto et al, 2005; Rezende, 1998), Arabian homes (Heugebhaernt
et al, 2010; Feed and Dum, 1377) and warmblood horses in Brasil
(Bichanus et al, 2010). Heugebaert =t al. (2010) estimated srowth
curves of weight, and Fobert et al. (2013 developed forelimb confor-
mation of Selle Prangaiz, Thoroughbred and Pranch Trotter. Howewver,
there has not bean any report on the growth curve of biometric traits of
wearmblood horses in Cental Eurape.

The CW growth curve was compiled in the 1570s by (Dusek, 2011].
The aim of thiz study was itsto update the growth curves of foor bio-
metric traits: withers height (WH) measured by stick (WH), WH
measured by tape (WHL), girth (G} and CC of CW smllions. These are
commonly used in the Czach Republic to evaloate growing seallions.
Also, the findings of our srudy on the use of warmblood braeds in Czech
Warmblood breseding provide beneficial information for the analywis of
animal development of warmblood horses in general

2, Materials and Methods
Z.1. Animols and manggement

Thiz study included 117 clinically healthy stallicns registered in the
CW studbook. We conducted a longitodinal study in five rearing facil-
ities for testing young horses (RFTa] located in the Czech Republic (atan
altituds of 235 to 673 m above pea lavel). Theee facilidies wers sstab-
lished and are controlled by the state, The stallions had od libétum access
to water. Foals were sroup-fad in large paddocks with compound fesds
and grase hay with pasture access. Faed rations veere set for wintar and
sammmer. A standardized herd health schedule with routine vaccination
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and devrorming programmes was practiced in the RFT.

Etalliong wers aspembled after weaning at the age of six months. The
fallowing wear, the spring and avmmn kirungs took place, which
included the measurement and inclusion of horses in the growth curve.
In addition, the exterior, movement and free umping wers svalaated. At
the beginming of the following year, in which the stallions raached the
age of thres, they were started undar gaddle The third kiinumg took place
in Febroary, and the stallions were then tested in May. In September,
they took a 70-day test, which conchided with parformamee tasts. Tha
stallions that succegsfully passed all thaps tegts bacame bread stallions
registered in the OW smodbook.

22 Dot solleetion

Body measurements, WH,, WH,, G and CZ, weres tzken on a monthly
bagis from 6 to 12 months, every two months from 12 to 24 months and
every thres months from 24 to 36 monthe. WH was measured with a
stzndard meaguring stick marked with centdmerres (WH.) and a flexible
mearuring tape marked with centimetrazs (WH,) from the ground to the
highest point of the withers (ie. the spinous process of the fifth thoracic
vertehra). G (chest girth measured around the circomfersnce of the
horge directly behind the shouldsr and over the homee's withers was
mearured with a fledble measuring tape marksd with centmetres
(Condkowa et al | 2006). CC (circumferance taken at the midesction of
the cannon bone] was measured with a flexible measuring wps marked
in 0.1 cm incrementn. All meaguremeants were taken by the game

opeTator.
2.8, Data cnalysis

Brody's nomlinear growth model (Brody and Lardy, 1948) was
appliad to characterise the growth curves for biometric taiw. Brody's
equation (Bg. [1]) was adjusted uging the non-linsar (NLIN) procadures
of Seatistica software, version 12 (TIBCOE). In the modal, the variable y
iz described ag a function of age, which iz represented by the following
axXpression:

o= Al —be ™), i b}

whers y; iz the vector of biometric measurement observations; 4 b and
k ar= model paramete=rs to account for scale and shape of the growth
curve; and t; iz a vector of Sme from birth (age in days).

The parameters of this equation can be biclogically intsrpretsd.
Briefly, A is the asymptotic limit for the observed biomerric trait as t
approaches infinity and is commonly interpreted as the mean mature
size; b in a pcaling parameter that defines the degres of maturity at time
ofbisth ¢ — 0(1 - b); kiz a rate constant that egtabliches the distribution
of the gigmoid curve along the time axis and serves bodh as 2 measure of
growth rate and of change in growth rate (largs k values indicats sarly
maturating individuals; small k values indicare late marmring in-
dividuals) (Fitzhugh, 1576; Richards, 195%; Staniar =t al | 2005).

The proportion of mature size attained at age ¢ (o) (Bg. [2]) was
calculated according to Fitshugh (1976

h B
1 A 1 —he ™ )

Another parametar that is derived to determine growth sarliness iz
the age required to reach a certain degree of maturity (6.0 (Bg. [310. The
formula for its caleulation can be cbtained by expressing ¢ from the
equation for the dagree of matority at ages t () as follows:

1

15 t."

1=

N
= 3

In thiz study, the ages raquired to reach 75% and 95% of mature gize,
regpectively, were calcolated (tn 75 and engel.
Accuracy for prediction equarions was further evaluared by calou-
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lating the parcent error (Bg. [4]) (Kocher and Stminar, 2013) and re-
sidual standard deviation (R5D) as seen in the following:

Nobm — ?’.-l) » 1080
¥,

Heror (%] 4|I'q<[: 8

RED was calculased uping the expremion RSD — +/MESE, with MSE
being the meaan squared error (Famandes = 2l | 20200,

The first derivative of the aquation dascribing the change in a size
varizble provides the description of the rate of change ar grovwth velocity
in that gize variabls with respect to time (Focher and Stainar, 2013). Por
=ach biometric mait, the first derivative of Brody's aquation (Eq. [S5])
weas caleulated with regpect to tirme (Fy Gt), expreming the mstanea-

necus rate of gain (average daily gain [AIMG], cm/m] at tme t [t — days
of age]) (Pitzhugh, 1976):
Ft) = kA — ] — ABke ™. 5}

Usual percentiles with Sed, 10th, 25ch, 50th (mediarm), 7Sch, S0th
and 97¢h curves and Z-pcores with cor points in median + standard
deviation (5D, madian + 2 5D and median 4 3 5D (Wang and Chen,
Z2012) wers used to establish CW stallicn grovith curves. Table 1 shows
the corresponding value: betwesn percentiles and Z-scores for dara
under normal distribution {mean and 5D can be used for comversion).
Mean and 50 were established using individual estimat=s of growith,
which were obtained uzing the GaussMNewton method in the NLIN
procedure in Statistica softvare, version 12,

3. Results

The parameter astimates of the non-linear growth model of Brody,
percent arror and RED for all observed biometric traite are ;summarised
in Table 2. The lowest percent error was observed im WH,, 2.12%,
whereas the highest percent error of 3.39% was for the CC growth
maodel. According to the chosen growth model, the asymptotc mean
mature WH;, WH;, G and CC wers 167.4 + 0.7, 177.1 + 0.5, 134.3 + 0.9
and 215 + 0.1, respactively. The resulting valies of scaling parameter b
indicated that the highest degree of marriey at ¢ — 0 {uy — 7094) was
obeerved in parameste=rs of height (WH, and WH;). Predicted WH, and
WH, at birth {considering t — 1 day of age) were 117.7 cm and 124.3 cm,
regpectively, which is @ credible prediction. In the case of CC, the pre-
dicted valoe at birth waz 13.2 co. The highest value of b in comparizon
to other biometric traits of this work was recorded in G, and the pre-
dicted valus at birth was 98.2 cm.

Related to thess resuli are the degrees of maturity (ut) count=d at
age 7,12, 18, 24, 30 and 36 months and age at 75% and 999% of maturity
{t,), which are presented in Table 3. In addition, the values of u, and t, of
athar authors considering their growth models are incloded in the
evaluation. The rate at which bicmetric waite approach asymptotic

Table 1

List of usaally used percentiles and I-scores, valuss converted through mean and
standard deviztion (SD), modified according to Wang e Chen (2012).
Cammeanly used values of Z-soores and percentiles are highlighted.

I-meores Mean, 0 Ferzemeiley
-5 x - 25D 0,146

-2 = - 22D 2.28en
S1EE x - 1.BE3D Sed

i) = - 1.2950 100k

-1 x -5 15.87th
07 = - OLEFET b1

[} x S50k (mcdian)
0.ET = - LEFED TStk

1 = +50 84.13nd
LIz = + 1.205D e

1.3 = + 1.BBSD 9Tk

2 = +25D 27.72nd

3 x 4350 929,860
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Table 2

Farameter estimaces, RED and standard errors of Brody nanlinear growth model
fitted to withers beight, girth and camnon ciroomference as 2 fimction of age
{days) in Czech warmblood stallizas.

T ESD  Emmee’
A[EEE) Bk EED k (£ ZE) mE}
WH, (em)  167.4 4 0.29% 4 CLB02s 4 2.09 212
07 L.00s el
WH, (cm)  177.1 4 0.9 4 CLB02s 4 438 215
0E L.00s uB0o
G {em) 194.5 4 0491 4 CUB0ZE 4 £.3 &7
0g oD fale
CC (em) 2LE £01 0304 4 CUBDET 4 D88 IE
i) ol

* WH, — withars haight measured by stick, WH: — withers height measared by
tape, G — girth, OC — cammon drcumference

Ea — asympiotic value for WH, WH.'G/CC (interpreted 25 mean WHWH:"
GTC ar maturity); b — scaling parameter that defines the degres of matarity
when age = 0 day (Interceps on y axis); k —manuring index (rate that estaklishes
the spread of the curve alang time axis)

© BSD - residual standard ervar

% Error — mean percent areor

valuss ix affected by the scaling parameter b and by maturity index k.
Farameter b reflects the degres of matarity at birth {uy), and k serves
both az the meagure of growth rate and the rate of changs of groveth rate.
In the present study, the highast vy was obsarved at height parameters
writh the lowest maturity index k (0.0026). In CF, based on the b value,
ug was lower (61%6) compared with WH (70%4), whil= the CC kvalue was
the highect (0.0032); at that point, thiz bicmetric mait approachad the
anymptotic value ac the firet one, estimated 2z an age of 38 months. Thiz
was followead by groveth in haight, where the to; estimate was 42 months
of age. The astimatad age of paramster G asymptotic approach was 44
monthe. This represented the lates: marorastion of all the parameters
oheerved, despite the higher growth rate for G than for WH (0.002E], but
with the lowest valoe of uy — 5156

Cue to the normal distribution of data, it was possible to use the
mean and 50 (Table 4] to establich Z-score and percentils growth corves
for the observed biometric traits (Fiz. 1). Based on their definition, Z-
score intervals are larger than percentiles (standard mean rangs is + 1
5D inclhading 6B.26% of the data in F-scores and + 0.67 50 including

In Fig 2., the ADMGs of the studied traits were plotted against the day
of aga from 7 to 36 manths. WH,; and WH: at the age of 7 months reachad
E3% of the mature value, and ADG was 0.075 cm/day and 0,079 cm.’
day, respectively. The WH: ADG curve gradually approached the WH,
curve due to decreazing G ADG values, which affected WH; ADG. At the
age of 1,086 days, both height paramaters approached the ATG rate of
0.008 cm/day aqually. The G ADG daclined from 0.147 cm/day at 213
days ta 0.012 em,/day at 1,006 daye of age, which iz the highsst ADG
value at this stage. This result confirmed that G iz the last faic to
approach asymptotic mature gize limit. However, the clogest approach
to the x-axiz can be seen in the OC curnve, where ADG daclinsg from 0.014
om/day at 213 daye oo 0.001 cmy/day at 1,096 days of age.

4, Duscussion

To better understand the relationship betwesn morphofunctional
characteristics and age, the srudy of animal growth corves has gained
prominence for analysing animal development 2s the method summa-
rises the informarion from the data into 2 pet of parameters thar can be
interpreted and applied in daily farm management (Fernandes et al |
2017; Preitag, 2005; Silveira et al, 2011). Non-linear fonctions witdh
exponential components are most commonly used to describe this type
of growth (Walette et al | 2008). According to Tedeochi at al. (20000, the
parameters of superior asymptotic value and maturing rawe, from
Gompertz, Brody, Logistic, Weibull and

non-linear comves (e
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Table 2
Degres of matarity (%) and Age at degree af mamnerity (manths) for withers heighs, pirth and cannan circomferenics af standard azes for the Czech warmblood and ather
horse breeds
Mepae™  Sourss Broed Crowth medel” Dogres of moturity” () Axe ot depres of moturity™
(miomtha)
All-bc -"]- & Moz Wan wan -] ton Eora Ttz
WEH, Crech wormbloed 167 4010008 555527 2 22 @2 e s 97 2 r.]
Fradinha <= ol 2014 Lasitana hars I BT T e ol T - - M- R T - 54
Eocher and Staniar, 113 Theughbred BT I e S CANE - S~ TS T - - - R
Heoacin-Todch ot Ghesboni, & Caspien horss 200LAJL-OUEDe W5 2 2@ @2 W 9T & = 43
WEL Crech wormbloed 17710100 27555 & 33 93 W W W 2 &4
c Crech wormbloed 104 50100400 #5555 TE B4 B0 mE W SE 6 5
Fradinha <= ol, 2014 Lasitana hares 00 WL-OGES DT gy 7 B1 & & 0 1 125
Heoacin-Todeh ot Gheoboni, 10E  Caspien harss 200UAL-0uaEe BT 75 2% B WE  fr 97 7 51
oo Crech wormbloed  21E(1-050de 55555 a0 23 9T @ 9@ 99 S ]
Fredinba o= =l 20116 Lusitnna horse TLAQLOEGe P s 38 @D @3 WS e 4 &1

* WH, — withers height measuared by stick, Wi, — withers haight mezsured by tape, G — girth, ©C — cannan dircumference

® Gzrowth models as fonctions of age (t — days; T —moenths) used for v, nad t, caloolatians; when 0 < B« 1 Richards equatiang whan B = 1 Brody equatios; A -
asympiotic value for WH, /WHG, 00 b — smling parameter that defines the degree of maturity when 2ge = 0 day (intercept on § axis); k- maturing index (rate that
astablishes the spread of the carve along time axis); M — determines the point af inflection of the curve

* Degres of marurity (%) considering the prowth model (1, — degree of marurity ar age t [meonths])

: Age required to reach 75% and ¥9% of matare vahx considering the growth modal (% — age [months] 2t o degree of matarity)

Table 4

Summary of withers height, girth and cannon dreumference for age from 7 to 36 mooths; predicted values caloulated by Brody equation; medians, means and standard
devixticos (SD) of data obtained from individual grawsh medels of bicmetric trajes.

Eiomesric Memr=rea®

Age (doys)  WH, (wm) W, (=]

Erody Bfcdinn Meas poind Erody Elediom Mo
3 1588 i3 140.3 a2 1472 1463 1484
147 1414 1417 1422 2.7 1202 1425 1401
174 1432 1425 1439 2.34 1511 1504 1511
304 145.0 1454 1455 344 1529 1513 1529
335 l48.8 1455 147.0 2.58 1545 3.7 1548
385 1483 1451 1483 .47 1580 1552 158.2
I%E 1488 1493 lags .77 1575 1568 157.5
41E 151.2 1=0.4 1508 z.BE is2z 1521 15EQ
457 1525 1515 1518 3 1500 1583 1502
427 1538 1224 1520 410 1812 1804 1515
517 154.8 1554 1558 411 1&2.2 1ed.6 182.4
E43 155.8 142 154.8 450 1852 161 E 1s55.4
E7a 1585 1550 1557 450 1542 1635 1543
Bl 157.4 =57 1565 .47 1851 184.5 1s5.1
B3 1582 =54 1572 4.55 1859 1653 1850
ETD 1588 1571 157.8 a4l 1s8.5 1eed 186.5
T 1585 1578 1588 a7 1575 1668 1575
o ) 1802 1=25 1592 aT7? 188D 1674 1sE0
TEl 1807 as5al 1587 4.3 1sE.45 g3 1sE.5
Tl 1512 1505 1503 459 1592 1687 1501
211 1817 1802 ls0.8 4495 1507 1643 1505
251 1521 1800 1813 a8 1702 1803 170.1
833 1815 1814 1817 a9 177 173 1708
1z 1529 181s 1821 a0 1711 i 171.0
44 1833 el 1825 5.00 1715 ima 171.4
274 1l83.6 1829 1529 501 17149 ims 171.8
104 1858 el 1853 502 1725 ima 1721
lp3s 1842 el ] 1838 542 1728 1718 1725
1oes led.d 1829 153.9 542 17249 1TIE 172.8
1oge lsd.8 1845 1842 542 1752 1Tre 1751

Gl CC =)

k1] Emedy Blediem hdenn 5D Eocdy Meodies Bleem =

5325 1467 145.6 1462 425 174 17.5 174 -2
E4E 1508 1424 1500 4.47 1i7e 170 17z Q55
e 1558 153.2 1525 454 133 le.2 133 ass
81 1568 1ZE.0 1557 429 18.6 186 188 LiE-+
400 1504 1535 1508 214 1z.9 10 pit-A] ss
417 1620 161.5 1622 ] iz iR 193 L]
435 pl-S 1E4.4 1588 S50 154 198 154 aTs
445 1658 1.2 1650 577 108 1.8 187 L1k
457 1688 1E4.1 1859 L= 188 0.0 b=k~ are
4 &5 iTas 1712 1707 il 0.0 0.2 300 0El
471 iTiz 173.2 1Tz 4 615 0.z 0.5 iz QES
475 iTss 1750 1740 &l 0.3 0.5 s QES
478 1752 17e.7 1754 %) 0.5 n.? 05 0E7?
479 1767 173.3 1767 &3l I0E 0.8 I0& QEs
479 1779 178.4 1780 B4 0T 0.8 0T Lk
450 il 120.2 imal [ 0.8 0.8 s Qe
451 1803 180.% 1501 ESE 0% 210 i i) fik"r
452 1211 1315 1=11 &S0 . 1.1 b ) Qs
455 1520 132.3 -] ] Hi 11 Hao Qa5
455 1&x9 183.3 1227 il i 1.2 nia Lk
425 1257 1242 1225 &4 H.I 212 HI Lk
455 1344 135.2 1542 &4l Hnsz 1.2 Hna ]
428 1250 1a5.% 1242 &4l nsz 1.2 ns= o
428 1258 13e.5 1254 &4 1.4 21.2 Hs= 10
459 1853 187.2 1850 G4l .4 1.3 Il4 101
490 1257 1372 1255 G4z 1.4 21.2 I14 a2
421 1572 133.3 1570 E44 Hns 1.4 4 p i
492 1&78 18a.7 1574 E4E nE 214 ns a2
492 1220 129.0 1272 E4T HE 21.4 HE 1038
L= 124 1880 1253 Gl H.E 215 ns 105

Richards), are thoge that have biological interpretation, being indicators
of growth rare. Howewver, according to Tabatabai et al {2005), no
mathematical model can  accurarely describe every  biological
phenomenom.

Many authors have investigated the best fit modsl for biomstric raits
(Pradinho et al, 2016; Heugebaert et al, 2010; Hossein-Zadeh and
Ghorbari, 2018; Lopes =t al., 2000; Marinho et al., 2013; Vallette =z al.,
200E). Many of them reported the Brody svowth model as the most
appropriate function for certin traite (Duoiek, 2011; Hojjat and Ghawi
Homsein-Zadah, 2018; Mchianog et al , 2010; Onoda et al | 2003). Akbas
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=t al (1955 noted thae the Brody function iz the best fit model bacause
of its simplicity of intarpretation and ease of estimation. Brown =t al.
(1576} and Deliise et 2l (15E5) stated that the Brody function iz better
applied to ages over gix months, which is the sames as with the data
presented here where the yvoungest age is 7 months. Other anthors found
that while the logistic function underestimatss adult weight, Brody
overestimates it on average by 30 kg compared with Richards and Von
Bertalanffy's function (Perotto =t al, 1952). Another reason for the
application of Brody's model in this study waz our aim to update the CW
stallion growth curve so that it could be wsed a5 2 bread stamdard.
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Fig. 1. Growth curves for withers height, girth and cannon circumference obsained by the Brody growth medel (Jeft column percentile growth curves; right column -
Z-score growth curves). The mean (z = 0) halves the normal distribution into two equal and symmatric aress. On both the right and left sides each, the graph can be
shown as divided into three parts, according to Z-scoves of 1, 2, and 3 SD to tha right and Ale+8722 -1, -2, -3 SD to the laft, respectively. At each point of these 5Ds,
the corvespending percentile (or cumulative prodability) is fixed. As long as the distribution is normal, every SD unit cn the x-axis has a specific percentile which is
alvways paired with them. Tharefors, on a narmal curve, 34.13% of the data Lies batween 0 and -1 (or 1), 13.59% batween -1 and -2 (or berwsen +1 and 42), and
2.14% between -2 and -3 (or between +2 and +3). The remaining 0.14% of the data lies below -3 (or above +3) (Wand ot Chen, 2012).
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Cuarrently, the groveth curve by Dusek from the 1970z baged on the Brody
function iz ueed, as stated in Dugek (2011). McManog et al. (2010)
analywed the variables of haight and weight and concluded thar Brody's
model was the most adequare to deseribe growth of the warmblood
breads reared by the Brazilian Arnmy. Teixeina et al. (2021) egtimated the
parareters of the Logistical, Gompertz, von Bartalanify and Brody
models for the WH variable of Campalina males with the resulting B of
0.9715 for the Logistical model and 0.9719 for the other models with the
similar adult WH (parameter ) of 160 cm_

WH, and WH, are two height traits observed during the growth of CW
stallions in cur study. On avarags, the sstimated WH: values were 8 cm
highear compared with those of WH;. The value of this parametar waz
affacted by the cize of the chest, 2 a resule of which WH, growth waz
terminated later (toge — 44 months) compared with WH, (e — 42
months], becanse there was a later termination of G growth (e — 46
months). The later approaching to the asymptotic value of G growth
compared with WH was zlso noted by other auwthors (Fradinho et 2l
2016; Hospein-Zadeh and Ghorbani, 201 8). The growth of foals to height
takes place primarily in the firce six months of life and also ands first
(Eudma 1998). In this study, srowth was evaloated from the age of
seven months, after the pericd of its madmum intensity. Thompeon
(1555) axzmined WH of the Thoroughbred at 20 months. On average,
colts had 152.2 com of WH, which showed an increaze in WH by 44.0 cm
wehen cormpared with the first measurement at 14 days. In our stady, TW
stzllions achieved the high=st increazes betvesen the Tth and 9th months
of life, when the average momthly gain (AMG) for WH, was 2.14
cm/month, after which thers was 2 slight decreace. From the age of 18
maonths covard, AMGs fell balow 1 em. This is consistant with the study
by Lowsin et al. (2001), who found that the grovwth dynamics of WH waz
the steapect in the first 9 months of ags. This was confirmed by Jelan
et al (1996) in which the gain in height in Thoroughbred horses was the
most rapid from birth to 1 month {6 comymonth]). Simdlar results were
obtained by Hocher and Stamiar (2013) in Thoroughbred horses, where
the gain then declined o 4 om/month untl & months of age and then
gradually decreased to 1 com/maonth until 20 months of age. Dudek et al.
(1981) examinad WH, of four diffarent horee breads at the age of 20
months. Black Fladrub colts, White Hladrub colts, Arab colem and
Lipizzan colts measured, on average, 166.9 cm, 163.6 cm, 165 cm and

165.0 cm, respectively. For comparison with these regults, an average
WH: of 165.1 cm was estimated for CW stallions at the age of 20 months.

The accuracy of the equations for WH, and WH, in owur smdy, char-
actarized ag percent sryors of 2.15 and 212, respectively, was compa-
rable to the result of Focher and Steinar (201F). RED for the growth
model of WH, waz 3.5 and of WH, was 4.35. These values are com-
parable to thops found by Pradinho et 2l (2016) for the Brody function
(RSD — 3.47). We found thar the CW stallions reached 75% WH, in the
Ind month of life, and their height growth approached the asymptotic
limit walue at the age of 42 months. Fitshogh and Taylor (1971) stared
that the degr=es of maturity may be fresly comparsd a: the came or
different stages, for the pame or a different trait, in the same or diffarent
animals. Piment=] et 2l (2017), Bacende at al (2007) and Santos =t al.
[1955) agreed that the body height of foals at birth accounts for about
50% of their final adult height, and at 12 months of age, saddle horses
have already attained BS to 0% of their adult height This result iz in
line with our findings that the CW stallicns reached 8% of adule height
(WH; and WH:) at 12 months. The same conclusion was reached by
Fradinho et al (2016). Similar values were 2loo obeerved by Manoo
Filko ([1992), usng data from Mangalarga Marchador foals, and by
Souza et 2l (19597, ugsing Bracileira de Hipismo foals, which confirmed
that the percentage of final height at the withers vwas 65% at birth, 564t
at 12 months and 91% at 24 months. Stamizr et 2l [(2005) and Wil-
loughby (1975) estimated that 95% of mature WH may have been
reached ar the age of two pears. Our result of 2 34% degree of manoriy of
WH, at 24 months is in agresment with Cabral et 2l (2004), Fradinho
=t al. 2016} zad Martin-Fosget and Juliand (2005) who added that for
maost of the light breeds, WH already repragents B8 to 90% of mature
height at ons year of age, reflecting the earlisr development of the
gkeletal tisgue. Fradinho =t al (2016) further ctated that ckeletl
davelopment follows 2 similar pattern across bresds.

G decreapss gradoally from the initial AMG 4.48 com/month at 7
months of age to AMG 1.93 cm/‘month at 17 months, From the age of 25
maonths, the grovth of the & slows down even more when the AMG value
falls below 1 cmy/month regpectively. 0098 cm/month. We estimarad
that at 7 months of age, the CW stallions reached 76% of their mamrs G
and %4% at 24 months of age. These values indicate thar G doss not
develop at @ later ags than the other meagured parameters.
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This iz in agreement with Hudma (1993) who determined that the
intenzity of height growth is accompanied by growth in depth and
vidth. Among the individual organs and tissues, it is the shkin, muscles,
blood and stomach thar reach the highest growth intensity in post-
ambryonic development This was confirmed by Dusek (1961 according
to whom, the foal's chest iz flatter and widens significandy only in the
later growth phase. In ocur study, G approachsd asmpmptotic value at the
age of 46 months. The G scaling parameter b for the CW and Lusitans
horses was found to be clog= (0.491 respectively 0461} (Pradinho et al |
6.

Depending on the degrae of maturity, the growth rawe of G in CW
(uzs — 98%) iz comparable to that of Campian stallions (uzs — 97%)
{Hossein-Zadeh and Ghorbani, 2018). According to Fradinho et al
(2016}, slower chast growth can be se=n in Lugitana horses who reach
0% of matare value at 36 months of ags. Lugitano breedars belisve that
these horses reach maturity ac a later age.

The pot=ndal for growth and production performance of the hore= iz
determinad by its genetic background, but the =xprescion of growth-
related traits is highly influenced by sovironmental factors. The indi-
vidual genetic effect on body size and live weight iz significant, and
great diffarences can be found from small ponies to draught horse breeds
{Darie =t al. 2006; Druml =t al., 2008; Fradinho et al |, 2020; Liolina
=t al 1998 Zachner =t al 2001). Across Warmbloed populations and
linear schemes, published heritabilities indicarad the greatsst potential
for increass of genstic gain for limb conformation by raplacing valuating
scores for frone and hind limb conformation (mostly B 0.05-0.15)
with a zet of linear ccores (average h? — 0.17-0.47) (Stock and st
2006]). Moderats to high heritabilities of linzar trais make them mitable
for selection and genetic improvement (Hosnen =t al | 19953, The ob-
tained RED for girth 6.3 is consistent with the BED of girth for the Brody
function in Fradinho et al. (2016].

The CC characterizes the strength of the sheleton. The foal iz bom
with long shanks and pasterns whose growth is significantdy smaller
compared to othar biomeatric traite. However, this doss not apply to the
CC, which increapss in line with other bismetric traits (Cusel, 1985), In
our study, it was found that CC AMG ar its highest value reached 0.41
cm/month and betwesn the 10th and 11th month, it fall belew 0.3
crmy/month and from the 23rd month creard. Wa foumd that AWGs vare
in the order of hundredths of 2 cm (0.0%]. This was confirmed by BMar-
tin-Rosset ot al. (1967), according to whom, considering the different
ckeletal segments, the bones in the extremities (=5 metacarpus)
develop earlier in relation ta the whole gheleton, Fradinho et al. (2016)
stated that the €O parameter did not show the effact of the ceason,
probably because these measures are directly associated with bone
development. In CW stallions, we found that OC reached B8% of mature
valus at the age of 12 months and $6% at 24 months. Similarly,
Pimentsl =t al (2017) found in their work that from 24 months to 36
months, all groveth rares were lower than 10%, sxcept for that of the CC
of males, which remained the same ag the rate ohgerved from 12 and 24
months of age. CC in famales showed no growth after 24 months. Some
of the growth studies in the horse pointed out asewual dimorphizm in
some body measures, which tended to increage with time (Hints et 2l
197%; Saagtamoinen, 1990}, We found the growth curve parametars for
CC in CW stallionms (b — 0.343) wers gimilar to thope in Fradinho = al.
(2016} (b — 0.354), These valuss indicate that at birth, foals obtain 2
high degree of maturity of CC, the value of which ranges from 60 to 7084
Large k-values indicate sarly mamrating of this parameter in compari-
son with other obgerved body measurements. Also, the RED wvaluss
(0.BE]) ar= comparable to Fradinho et al. (2016), where the BSD for ©C
wag 0.50. The reason for the highect value of parcantage arror (3.399)
of all monitored biometric traits was moast likely due to the difficulty of
measuring ‘CC, when it is complicated to accurately measure small in-
craments with a meacuring tape marked in 0.1 cm increments. This
conclusion iz in agreemant with those of other authors (Pradinho et al |
2016; Pimentel et al., 20170,

Percentile growth curves are commonly used to monitor the growth
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of cattle, owine and lhumang (Corson at al | 2008; Haintichs and Lam-
mers, 1998; Focomarsli et al., 2002; Dnoda =t al | 2013). The adventage
of utilising these figures iz that they effectively capture the population
variation in biomeatric traite and provide a useful visual referance of
what these variables laak like in this population. These can be weed to
menitor individuzl animal srowth and maks some comparizons to the
population of horses used in sudies (Hocher and Staniar, 2013). Per-
centiles and Z-poores are widely used to assess anthropometric meaguras
to help evaluate children's growth and nutritional stamus. If the data are
normally distributed, the data value of the 50th percentile is identical to
the mean of the data, and the conversion berwesn percentiles and
E-gcores valuss through mean and 5D is possible (Hocher and Stainar,
2013 Wang and Chen, 2012) A Zscaore of zero corresponds to the
empirical 50th parcentile curve (Odona et 2l | 2013). Using Z-scores iz an
alternative way to obtain empirical percentils growth curves. The
E-score is a standardiz=d score thar indicates how many 5Dz 2 dat point
iz apart from the population mean, based on the assumption of normal
distributions (Omoda =t al | 2013). Z-scoras are mors useful in research,
wehile percentiles are sagier for use in clinical settings and by the public
(Wang and Chen, 2012). According to Odona et 2l (2013), the estab-
lichment of percentils grovath cures would give us useful indicatrs for
feeding mamagement in ordar to achieve sound musculoskeletal devel-
opment or desirable body compositions in growing horses. Percentls
groveth curres for obeerved biometric trait in this study seemed o be
more accurate in comparizon with Z-score growth curves, considering
valuez given in the W bres=d standard Ancther reason iz that percen-
tiles are more inmitive and comprehengible for breeders. According to
Fermamdes =t 2l (2020, morphological svaluation has great ralevance in
the selaction of animals for breeding, since morphological characteris-
tics are related to the functonality of the equine species. Therefore,
selection in the riding hores iz primarily based on indicator maim that
ars accemible at 2 younger age and have higher heritabilites [Viklond
=t al, 20107 Dues to their correlations with the salaction traite (=
success in sport riding disciplinas), regults of standardived performance
t=pts of young horses and evaluations of conformation and gmits are
important components of modem Warmblood breeding programmes
(Thorén Halloten 2t al | 2006; Ducro et al | 2007; Vikund =t al | 20100

Cmgek (2011) stated thar comparison of the biometric traite of indi-
vidual foals with a standard is important, especially when comparing all
the annunal cohorts of foals, which inchade individuals with large dif-
farences in age. In the case of marked deviations from the sendard,
especially in the minus sones (lower than 25th percentile], it is always
necesgary to monitor the development of the foal for a longer paricd and
only deselact the foal from the breeding programme in the came of 2
permansntly significant deviation. Wang and Chen (2012) noted that
within regular meamurements, the growth curve should um in parallel
wiith percentiles, ideally in the range from 25th to 75th percentils. When
a biometric trait observed in an individual falls below the 10th or ric=s
abowve the 30th percentils for a given age and gender, it is advisable to
pay mare attention oo the individual, and if it falls below the 3rd or rizes
abowe the 97th parcendls, it is necessary o look for the cause of the
growth abnormality by anamnestic or laboratory scamination and
repaat the measurement after a chorter interval

5. Conclusion

The present srudy providas a compreheangive ovarview of the growth
patterns of CW stallions. Using the Brody function, we characterized the
grovth of four biomesic traits that are commonly used to monicor
groveth in CW. The outpat represents an update of the CW growth curves
of WH,, WH,, G and CC and the establishment of percentile cunves with
the standard from the 25th o 75th pearcentiles. In comparison with the
Z-score, percentilap ave more intuitive and comprehensible for bresdess
who can thus analyes animal development mors simply and apply this
monitoring in their daily breeding management. Therefore, the resulis
of thiz study can provide an effsctive measurement criterion for
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abnormaliti=s just by obeerving the growth curve. Tue o the common
use of other warmblood stallions in COW breeding, these resules also
repregent benaficial information for the analysiz of animal development
of warmblood horses in gansral.
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The present study was conducted] (o determine the seminal characteristics of warm-
blooded stallions and to assess a relationship between motility parameters of spermatozna
and sperm head dimensions using compuier-assisted sperm analyss, In tokal, 35 ejaculabes
were collected during the breeding season 2006 from 10 dinically healthy and fenile
warmnblooded stallions (age 3-22 years) The volume of ejaculate (ml), Spenm oonced-
tration (MimL), motility of sperm with kinematic parameters, and sperm morphometry
were evialuatedl The maotility characieristics, sperm concentration, and morphometric
parameters of sperm were determined objectively using Sperm Class Analyzer [SCA,
MICROFTIC 5L). The overall mean + standard deviation values [or volume of sjaculate,
concentration, total motility (MOT), progressive motility, curvilinear velocity, straighi-line
velocity (VL) average path velocity (VAFP), straightness, lineanty, amplitude of lateral
head displacement, beat-cross frequency, elongation, and area were 5029 4 2988 ml,
ZI0.64 & 90.98 = 10°mL, S8.68 & 10X, I664 4 15368 6323 + 1598 pmjs. 3102 4
939 pmyjs, 4753 | 1432 pmfs, 6524 | 572 488 | B34L 268 4 041 pm, 739 4
084 He, 362 1 359% 1549 & 1.54 um!, respectively. Thenes were significant dilferenoes
among stallions in all evaluated parameters of sperm (P < 05). There were significant
positive cormelations betwesn area and velocity parameters (V5L VAP, and wobble ooel-
ficient [WOB|L The elongarion positively correlated with MOT. More elongated sperms
demonstrated a bower frequency of ourvilinear path intersections with the average path,

@ 2017 Elsevier Inc. All rights reserved.

Warmbdow! stallions
CASA
Sperm evaluarion

1. Imtroduection remains limited, as indicated by suboptimal pregnancy

rates achieved dunng artificial insemination with oooled

Artilicial insemination with cooled-shipped semen is
the most commonly used method in horse reproduction
[1). However, the efficency of oooled stallion semen
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semien (455-70%) [ 2,3]. Stallion fertlity holds an important
place in this area as it is an economically important trait
supporied by a complex environment and a genetic back-
ground [4]. The evaluation of sperm quality is useful in
predicting the fertility of stallions and is of a great impor-
tance in maximizing the reproductive efficiency in pro-
grams of assisted reproduction [5,5]. For the evaluation of
semien quality, the most important paramelers are the
concentration, motility, and morphology of spermatozoa
|78]. The evaluation of motility is one of the most used
paraimeters for the evaluation of sperm guality [9.10).
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Morphology is also considered to be a reliable indicator of
fertility, and the fertilization capacity of an individual
positively cormmelates with the percentage of sperm cells
with normal morphelogical strucoure [11.12]. There is a
higher frequency of morphometric sperm defects at stal-
lions with low fertility [13]. Fertilizing ability of sperma-
tozoa depends on their shapes and sizes, which affect the
course of the acrosomal reaction and sperm penctration of
the ovum. Some authors mention a cormelation between the
morphometric characteristics of spermatozoa and sperm
concentration in the ejaculates of stallions | 14). It is also
possible that sperm concentration in an ejaculate in-
fluences the sperm shape and dimensions, and therefore
influencing the motility characteristics and fertilizing
ability | 15,16). It has been found that sperm dimensions are
highly variable in males belonging to different animal
species, hreeds within a species, and within individoals of
one population [17). The varnation among stallions was
generally greater than the variation of ejaculates of one
stallion | 1%]. Some studies have indicated an existence of an
association between the sperm head morphometry and
stallion fertility. The increase im morphologrical abnormal-
ities of sperm heads was correlated with a reduction of
pregnancy rates [19] and also negatively correlated with
the fertility of stallions [20]. Spermatoeoa head dimensions
of males with decreased fertility differ from the head di-
mensions of spermatozoa of highly fertile stallions | 21,22,

A number of studies indicate that varation in sperm
head morphology may be a sensitive biomarker of
abnormal chromatin structure and thus of fertlity |23 24].
Although sperm head shapes and relative dimensions are
considered reliable indicators of a sperm quality, their
quantification is the most subjective [25]. However, sub-
jective estimates of a sperm morphology suffer from lack of
precision, repeatability, and accuracy [26,27). The intro-
duction of automated computer-assisted sperm analysis
(CASA) systems attempied to overcome the problem of the
subjectivity of visual-based assessment methods [25.27-
29|, Computer-assisted sperm analysis allows the ohjec-
tive determination of ejaculate parameters {motility pa-
rameters, sperm concentration, newest models also have a
morphology module} [27]. Computer-assisted sperm anal-
ysis has an important and increasing role for assurance of
semen quality. Most of today's CASA systemns offer the
advantage of reduced bias compared with visual |subjec-
tive) evaluations. More, they provide outcome measures
which could serve as a reliable basis for further semen
samples processing used for distribution, and provide an
assurance that the semen mecls an insemination dose
quality requirements [30)].

Computer-assisted sperm analysis is the only objective
miethod for motility, progressivity, and hyperactivity sperm
sample analysis, and therefore provides an information on
fertility potential of the ejaculate. The CASA is based on the
capture of successive microscopic images which are then
digitalized. The motile spermatozoa observed in these im-
ages are sibsequently identified in the successive images,
thus allowing for the establishment of their trajectories,
Finally, the obiained trajectories are mathematically pro-
cessed, which allows the definition of these trajectories in a
numerical form., The results of this processing are reflected
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in a senes of parameters, which preasely define the exact
movement fior each individual spermatozoon [31], In the
1990z, the automated sperm morphometry  analysis
{ASMA) systems were introduced. Although this technol-
oy was originally designed for a human sperm, it has heen
progressively  adapied to  some  animal  species
[25.28.20.32]. Automated sperm morphometry analysis
systems  have mmproved the assessment of  sperm
morphology with accurate and repeatable measurements
of sperm head dimensions of different species including
stallions [1833-35]. Automated sperm  morphometry
analysis systems provided a series of objective parameters
that have [acilitated the standardization of morphological
semen evaluation [36]. In addition, these automated sys-
tems can be used to prove subtle differences in the sperm
head dimensions between fertile and subfertile stallions
1 29]. Currently, the precizion of ASMA systems depends on
the standardization of analytical variables, on the appro-
priate sample preparation (washing, fixation, and staining)
and on the proper microscopic image analysis [37]. Ermors
are often the results of differences betwesn ASMA sysiems,
therefore, appropriate settings of CASA play a significant
role in the accuracy of the outcomes [18].

The present study was conducted to determine the
seminal characteristics of warmblooded  stallions and
assessment of the relationship between motility, parame-
ters of spermatozna, and sperm head dimensions including
CASA. Sperm Class Analyzer (SCA) was used for objective
determination of sperm concentration, motility, and ve-
locty of sperm and morphometnc characterstics.

2. Material and Methods

2.1, Stallions

Semen samples were obtained from 10 clinically healthy
and fertile warmblooded stallions (age 3-22 years). These
stallions were owned by ZH Pisek and they have been used
in the breeding season 2006 in artificial insemination with
fresh semen. The stallions were stabled in the same con-
ditions. All stallions were stabled in boxes at least 5 =« 5 m.
The feed dose of stallions contained 11 kg of hay, 1 kg of
straw, 3 kg of oats, and mineral and vitamin supplemen-
tation (PREMIN for breeding stallions, STARFIT gramulated
feed). The exercise was an integral part of management, 1-
4 hours a day, 6 days a week. The exercise was provided in a
combination of tum-out in paddock, nding, and mechani-
cal walker.

22 Semen Collection and Evaluation

Thirty-five ejaculates were collected i total duning the
breeding season 2006 (April-July) from stallions (April
cight ejaculates, May nine ejaculates, june 10 ejaculates and
July eight ejaculates; three, four, three, four, two, four, four,
three, four, and four ejaculates from stallion 51, 52, 53, 54,
55, Sb, 57, 58, 59, and 510, respectively). The volume of
ejaculate (mL), sperm concentration (M/mL), motility of
sperm with kinematic parameters, and sperm morphom-
etry were evaluated, The evaluation of fertility was hased
on the data from the whole breeding seasom. It is
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represenied as a percentage, and is based on the number of
mares diagnosed as pregmant at a particular point in time
divided by the total number of mares that have been bred
to that stallion up to that point in time. A total of 3300
spermatnzea was measured from all ejaculates for sperm
morphometnc analysis. Semen was collected using Colo-
rado artificial vagina. All the stallions were frequently used
for semen collection during the breeding season (2-3 times
per week) Immediately after a collection, the volume of
ejaculate was recorded. Then the semen was diluted with
prewarmed (37°C) extender (Ref. 1357001000, Double
Distilled Water, pyrogen-free and sterile, www.ominitube,
coim) at the ratio 1:1-2. Alter equilibration for 20 minutles
at room temperature in the dark, the semen samples were
placed in a refrigerator and they were cooled o 5°C

Then the semen samples were ransferred o a labora-
tory of ZF JU in Ceské Budéjovice, The motility character-
islic, sperm concentration, and morphometrnic paramelers
of sperm were determined objectively using Sperm Class
Analyzer (SCA, MICROPTIC 5L, Barcelona, Spain). The tech-
nology was equipped with an optical microscope (Nikon
ECLIPSE E20DLED MV Series) with phase-contrast and
heated plate, a build in a digital camera (Basler Color)
capturing images and transmitting them to a computer
(Cenuine Intel Core 5L

Modility was evaluated using the Sperm Class Analyzer
muatility module, This module was based on the analysis of
16 consecutive, digitalized photographic images obtained
from a single field. These 16 consecutive photographs were
taken in a time lapse of 0G4 seconds, which implied a ve-
lecity of image capiuring of one photograph each 40 ms,
Sperm cells were detected automatically, For the analysis of
motility, the negative phase-contrast (Ph—), magnification
100x and green flter were configured. Prewarmed Leja
slide (20 microns n depth; Leja Amsterdam, The
Metherlands) at the temperature of 37°C was loaded with
extended semen (3 pl) and 10 microscopic fields were
evaluated. Approximately, 100-200 of sperm cells were
analyzed in one microscopic field. Spermatozna were
differentiated according to curvilinear velocity (VCL) of the
rapic (=90 pm/s), medium (45-90 pm/s), slow {10-45 pm/f
5}, and static, Spermatozoa with VOL less than 10 pmyjs were
considered immotile [static), Spermatozoa were considered
progressive with at least 75% straighiness (5TR), Total
motility {MOT, %), progressive motility (PMOT, £), VOL (um/
s}, straight-line velocity (V5L pm/s), average path velocity
(VAP, pmyfs), linearity coellicient {LIM, calculated by dividing
V5L o VUL, &), 5TR coefficient (caloulated by dividing V5L to
VAP, %), wobble coeflicient (WOB, calculated by dividing
VAP o VUL, %), amplitude of lateral head displacement
[(ALH, pm) and beat-cross frequency (BCF, Hz) were
measured in semen samples (Fig 1)L The conceniration of
spermatozoa (MimL) was objectively determined in the
same module, simultancously with the evaluation of
muotility. Partiche dimensions were 4-75 pm®. The basic
priohlem of the CASA assessment is that it is not possible to
fully focus the sperm in the depth of the chamber, and the
blurred sperms then do not have sufficient contrast against
the backgroumd. The sperm concentration is wsually
underestimated. For this reason, is recommended the esti-
mation of sperm concentration by other methods, This
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control assay was performed at the indtial calibration of the
CASA system by the hemocytometric method.

Morphometric analysis of the sperm heads was assessed
using the Sperm Class Analyzer morphology module.
Twenty microliters of sperm was placed on a microscopic
slide and let air dry. Semen smear was stained with
SpermBlue (MICROPTIC 5L All the slides were perma-
nently sealed with Fukitt mounting mediom {MICROFTIC
S5L) and a coverslip. The setting of the microscope for
evaluation of sperm head morphometry; bloe flter, 100=
oil immersion objective, and bright-field. Hundred sper-
matozoa were analyzed in each semen sample, The sper-
maloezoa were caplured randomly in different fields except
for those that overlapped each other. The digitized cells
were automatically segmented with a range of grey-level
values predetermined by the analysis factor (the auto-
matic algorithm to define the contrast between cell and
field). Sperm Class Analyzer system detecied the humdarjr
of sperm heads and midpieces, Eight morphometric pa
rameters were cabculated automatically: four for I'I:II.I:I
size—length (L, pm), width (W, pm), area (A, pm’), and
perimeter (P, pm); and four for head shape caloulated from
the previous parameters—ellipticity (ELIP = LW, rugosity
[Rugo — 4 AJP*), elongation (ELON — [L — WL + WT) and
regulanity (Regu — & DW/MAL The measurements of each
individual sperm cell were captured in Excel.

23, Seatistical Analysis

Data are presented as means + standard error of the mean
for each stallion, Data sets were tested fior normal distribution
using Kolmogorov—5Smimow  test. Positively skewed data
wiere normalized wing log transformation.  Differences
among stallions for each motility parameter and morpho-
mietric parameder { ELDM, area) were evaluated by analysis of
variance followed by Tukey test for multiple comparisons.

The linear relationships between sperm head-related
variables including ELON and area and sperm velodity pa-
rameters incloding MOT, PMOT, VO, V5L, VAP LIN 5TR,
WOB, and BCF were analyzed wsing correlation and
regression procedures, Statistical significance was designed
as P < 001 (™), P< .01 (*"), P = 05 ("), and tendencies were
declared at P < 20 (+).

The programs M5 Office and Statistica 10 were used for
data processing.

3. Resulis and Discussion

The semien paramesters of cjaculates in the present study
were within the physiological values for fertile adult stal-
lions; a mean gel-free volume of 52 mil, 210 million spermf
ml for sperm concentration, 8% for sperm motility, and
T3 for normal sperm morphology.

Table 1 shows a summary of the mean values + standard
deviation for semen volume, sperm concentration, and
selected morphological and motility sperm parameters of
monitored stallions. Morphomeiry of sperm was studied in
many mammalian species. Most studies have concentrated
on the sperm hcad and resolts show a high variability
within species. It is mainly explained by differences in
methodology, The stallion spermatozoon head is relatively
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Fig. 1. The lincar dependence of spenm clongation (X)) and total motidity () n warmbiood stallions,

flat and the longitudinal cut shows oval shape with the
anterior being the widest part. The head is relatively flat
and a longitudinal section has an approximately elliptical
shape with a slightly thicker posterior end. Reported means
for the dimension of the stallion sperm head by Véznik et al
19 include 3.2 pm for the maximuom the width and 6.3 pm
for length. Samper [27] found dimensions 6.6 pm for length
and 3.6 pm for the width of sperm heads. Despite the small
number of stallions mduded in most experiments (5-20),
all reports indicate a significant stallion effect on sperm
head dimension and coellicients of variation ranging from
approximately 5E-8% [141819.213839]. In the present
study, there were significant differences (P <= 05} among
stallions in all evaluated sperm parameters. The smallest
differences were observed in the case of the area. On the
contrary, the greatest differences were in PMOT, VAP, ALH,
and ELOM.

Owverview of mean valoes of stallion sperm head
dimensions of different horse breeds measured by
other authors is presented inm Table 2, Most authors
[14,17,19,21,35 39 agree with extent of these dimensions,
which were set by Brito [ 22]. There are only two cases that
differ in widih (by 0,14 pm [21] and 004 g [19]) and o
cases in length (by 021 pm [21] and V06 pm [19]). One
different value for perimeter can be ohserved (by 012 pm
[19]1 In the present study, the mean value and standard
deviation of sperm head length 637 + 023 pm are in
accordance with the measurements of Brito [22]. Some
authors obtained lower lengths [14.17.19,21.35.39]. The
mean value for maximal width of sperm head 297 4 0L08
corresponds to most of the authors [14,17.22.35,39], The
mean value of head area 15.49 pm” was greater than values
ohserved by other authors | 14,1719,21,35,39), but it corme-
sponds with Brito's measures |22 ]. Determined sperm head
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perimeter 16.27 pm was higher than values reconded in
stallions by other authors | 14.17,19.21.22.35 39 It relates to
greater values obtained for length and width of the sperm
head. But width/length ratio value cormesponds with all
studies included into the comparison, The SCA analyzes the
imazes captured by creating a boundary that matches the
external outline of the microscopic image of the sperma-
tozna and delineating the sperm head, To obtain a correct
image, the spermatoeoa must contrast with the sample
preparation background., Morphometric values obtained
with the 5CA system can be affected by the staining
method. Stain, which provides more infense grey-level
wvalues, resulting in enlarged cells, which influence the
size morphometric parameters as length, width, area, and
perimeter of the head. Also increasing the staining time can
enhance the mtensity and contrast of the images—this
process consequently increased the sperm dimensions
135]. Some sphstances incloding debydration, such as
xylene and alcohol, cause germ cells to shrink, and fixatives
induce changes in the dimensions of sperm heads |40.41),
Factors alfecting sperm dimensions include the osmiclality
and tomicity of the surrounding medium. It was observed
during cryopreservation of semen that sperm placed in
hypotonic solution had a tendency to swell, whereas in
hyperosmotic solutions they shmnk [42], In the case of
stallion semen, however, there are few studies dealing with
this subject. A comparative study by Banazsewska et al [43]
showed that the dimensions of stallion sperm stamed with
SpermBlue were the most similar to the dimensions of
sperm in unstained smears,

Determined range of width and length of the sperm
head and width/length ratio can be used to estimate the
interval for elongation values, I ranges on average between
the values 31L.58% and 39.86%. These values cormespond o
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Tabde 1
Seminal parameters of ejaculaes of 10 different Warmiblood stallions,
Farameler Stallions
s1 52 3 51 5 ]
Fertility, 2 67, &L 62,50 6363 TS0 HELN
Violurne, mL 8333 4 3400 2500 1+ 5000 50 + 0.00 100 + 1414 50 -4 Q.00 25 & 1479
Concentration, Mjml. 1349 1 4137 1932 4+ 9257 18107 + 2612 25858 4 TOAd 20621 4 34DE6 11828 + 1681
Total matility, % BGET 1+ 333 B4 1 97" G659 + (AT B6.ES 1+ 1.7 9745 + 06T o4 4 272"
'MOT, & 1129 i 643 3E29 4 741" AGRA + 466 271 4 741 4235 4 9RE" 5285 + 537
VL, pumys IHE] 4 2T 6781 + 1063* T3.19 + 4.24° 4891 4 7.76" 63.79 4 7.96° 789 & 58"
VSL, pmijs 1587 + 638 33,45 + 8750 3535 + 37T 2451 + GO 7382 + 66D 41,98 + 26T
VAP, pmys 2492 1+ 754 51.19 1+ 10885 5713 + 5619 3569 1 TH1° 492 4 8287 GLOZ + 4.45F
5TR, X 61.96 1 897 6471 4 341" 616 + 0.35™ 67.72 4 445" GR.44 4 189 GG + 237
UM % 40,46 |+ 1449 4858 | 543 4955 4 228" 4916 + 635 5255 + 3784 5326 + 1,57
ALH_ pm 245 + 032 276 + oah 259 + 0.03° 26T o 224 4 008* 249 + 024
BCF, Mz 755 4 1427 TAB & 117% 6.59 + 0.09° GEL 4 04X 7.33 4 007F™ 7.04 £ 021°
ELON, % 7373 4 254 3706 + 282 3878 + 3.11% 3723 4+ 21 36,16 + 3279 1506 + 293F
Length, pm 606G 0,15 635 + 0340 684 + 038" 631 + 029" 6.28 + 0.42% 645 + Daas?
Widih, um 300 4 2540 291 4 018 300 4 06"E 2ED 4 0LIE 285 4 025 300 4 024"
Perimeler, pm 15.74 + 0.7* 16.18 + 0.81" 17.21 + D.E1* 16.06 + 0.71% 16.06 4+ 327* 1664 + 1,107
Arca, pm® 1495 + 122 1523 + 1.42* 1680 + 132" T5.00 + 1.28° 1525 + 104" 1648 + 157
Farameter Stallions Overall
57 S8 o« 510
Fertility, % 5833 9166 T0.00 G40 69,09
Volume, mL G500 4 26,00 3833 4 1650 28.75 + 893 254+ 1118 50,29 & 2988
Concentragion, M/mi. 158,78 + 1203 IE6ET + G126 00,50 | 35 14051 + 51,66 210,64 4 098
Total matility, % 3+’ BB -+ 00RE W66 | 4067 BT + 6E9E BRGE ¢+ 108
PMCT, T 2508 4 6F ARE 4 1449 01 4+ 14.36™ A0T5 & Q0P 64 5 1536
VL, pmys 479 + 1.96% S04 + 11,32 G481 + 15937 6713 + 994" 6123 4 1598
VEL, pmijs 06+ 21" 1125 + B9 209 4 100" 3158 + 423% F1L02 4+ 939
VAP, pimys 3932 4+ 175" 5293 + 1236" 47.08 + 1358' SO7 4+ 739° 4753 4 1432
TR X 7376 4+ 23T G480 4 2487 GR,IE 4+ 380 GI2E 4+ 480" 6534 4+ 572
UM, % GOIE + 2197 3796 + 523 4911 + 503 4732 + 399° 4RE + B34
ALH, pm FALEY k) 331 4 0U05% 271 4 027 259 & A" 258 4 041
BCF, Hz 733 401k 736 4+ 023% 743 4+ 023* 807 & 1187 729 1 084
ELON, % W04+ 149 045 4 2 RE" 01 4+ 26X 1243 4 144 352 4+ 150
Lenggth, pm 6.60 4 036 648 4 045¢ 629 + 026" 601 4+ 0347 637 4+ 023
Width, pm 206 & 021 ZE1 &+ 018* 296 4+ 014™ 307 &+ 020 2497 &+ 008
Perimeter, pm 16,75 + a3 TR25 + DE2= 161 + 6" 15,74 + 0807 16,27 + 044
Area, pm” 1609 4+ 1537 15.00 4 1.40° 1531 4 L? 1514 4 142 1549 4 154

Ahbreviations: ALH, amplinede of Lateral head; BOF, beat-oross frequency; BLON, clongation; LIN, linearity; PRMOT, progresshee motiling, ST, stralghioness;
VAP, average path velociny, VUL curvilinear velocity, VSL stradghi-line welocing.

Dlata are presented as mesen 4 standard deviation,

abcdelibygines with different superscript ketters within rows differ (P = 05),

the resulis we have obtained. Rezagholizadeh et al [35]
determined the mean value of the sperm head elongation
three times greater than the general observed resulls, and
on the other hand the mean value of the sperm head area
three times smaller. Significant differences can be caused
by a different measurement method, or by the fact that in
this study, stallions of miniature horse breed were used. In
most of the studies about semen in pony stallions,

following parameters are recorded: motility, PMOT, and
percentages of morphologically normal sperm and defects
of the acrosome, head, midpiece, and tail [44-48). But,
there iz no information about pony sperm head dimensions
(width, length, and perimeter ). However, across mamimals,
Gage [49] in his comparative study found no evidence that
todal sperm size variance was assocated with body mass, in
contrast with earlier studies, Generally, differences in

Talle 2

The comparisan of morphometric sperm parameters abserved by other authars,
Source Length, jpm Width, jum Area, pme Perimeter, pm Widthjlength
Brilo |22] 533662 279-3.26 11431628 13.76- 1564 043052
Grawence of al [21] ] 25 1122 1179 i L]
Gravence ef al |39] 5.96 2595 1331 1554 I ]
Waheed et al [17] 5.96 3.0 1433 1416 051
Dawis et al [ 14] q.ER 2597 1322 1492 051
Hidage |35 5.66 285 1342 15.00 050
Casey [19] 533 275 11.37 1364 052
Present stady [P ) a7 1544 1627 047
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Table 3
Correlation coellicients of linear relationshig Berween seminal paramserers
and area and elongation of spermes,

Parameter Area, pm’® Sig FLOM, 2 Sig
Tota moliliy, X o3 - o3l -
PMUT, & [ 1] 4 w4

VL, pmny's LR — na% —
VSL, prnfs T . 013 —
VAP, pmys [k ¥3 " o

LN, % 24 1 narr -
5TR, % 3 - oz -
Wine, [k " o

ALH, pm L - DL =
BUCF, Hz [HIL - 03 "

Ahbreviations: ALH. amplinade of lateral head; BOF, beat-cross frequeency;
ELOM, eclongation; LN, linearity. PMOT, progressive molility, STE
straightness; VAP, average path welocity; WL, curvilinear velociny; VL,
stralghi-line velocity: WOR, wohbde cocfficient,

Data are presentsd & oorrelation ooelficienl. Sraristical significanoe
P 0% (™) and tendencies were declared at P 10043

dimensions and shape of normal sperm heads are consid-
erable | 18,22]. This high variability of sperm morphomietric
parameters is explained by the different methodology of
morphometric analysis, There are suggestions that sperm
hiead dimensions may be associated with fertility. Sperm
head lemgth, width, perimeter, and area were greater in
subfertile stallions than in fertile stallions. Sperm in sub-
fertile stallions also tended to be more tapered (lower
lengthjwidth ratie) than in fertile stallions [19.21]. Larger
sperm heads found in sublertile stallions may reflect dis-
turbances in  spermatogenesis, particularly  involving
altered chromatin structure, However, it is important to
note that subfertile stallions also had lower fotal sperm
number and percentages of motile and normal sperm in the
ejaculate [22), The detection of subtle dilferences in sperm
head morphometry may open new ways to a more accurate
and predictive assay for the evaluation of the stallion
spermiogramme [50].

Evaluated spermm motility parameters were oompared
with studies of other authors. Rezagholizadeh et al [38)
found wvalues for MOT E706%, PMOT 4454% VL
189,33 wmys, VSL 8288 pmys, VAP 113.52 pmys, STR 72 20%,
LIN 4557% ALH 668 pm, and BCF 3415 Hz, Their mean
values for velocty parameters (WO, V5P VAP) differed
considerably from our results. We obtained values lower by
more than 50%, But calculated parameters, which are
relative [STR and LIN), are in accordance with this study.
The methodology of morphometric analysis probably
caused different mean values of ALH and BCE, which were
significantly lower in the present study. However, the
choice of frame rate is stll conflicting, as it is not only
cguipment-dependent, but related to species and experi-
mental condition, as well reported by Kraesmer et al [51]. In
general, more variations are observed for the analysis of
different fields than for the repeated analysis of the same
fields, so the largest the number of cells analyzed, the more
reduced the coefficient varation. Conseqguently, the prec-
sion of the results increases as the number of fields and cell
analyses increase. Using digital images of each sperm cells
track, CASA machines are able 1o analyze, by processing
alzorithms, the motion properties of spermatozoa, To

59

3

reduce variability and misinterpretation of resulis, a larger
number of cells have to be counted [52], Differences in
mean values of ALH and BCF cause difference in settings
CASA system—number of frame per second. A higher
number of frame per second (45 at 60 frames/s) in studies
[1.35] may have resulted in higher values of ALH, BOE, and
sperm velocity. In present study was the acquisition frame
raie at 25 per second.

Florez-Rodrigues et al |1] compared in their study
different types of diluent in cooled-shipped semen [5°C).
Measured parameters in dependence on used diluent were
in following ranges: MOT 80.3%-85.4%, PMOT 29,78 -356%,
V0L 188 7-2845 pmjs, VSL GEG-918 pmfs, VAP 976-
1517 pmyjs, STR 59.9%-70.2%, LN 344%-394% ALH 6.7-
9.1 pm, and BCF 33.0-36.1 He. In both these works, sperm
kinematic parameters evaluation was performed using the

Centroids

Fig L Musration showing CASA terminology. Initial image prooessing
provides a centroid for each spermutoeson in the first frame of 2 scene, amd
for each coll kocarion of the maost protable controid in suocessve frames is
deduiad. Conneding e coniroids hor a spermato@oon provides irs actual
trajectory is termed WL (pmys). The average path & compubed, and time-
averaged velodily along this ragstory is termed VAP (pmjs) A sorasghi-
line path from the fird o last position of a sperm head i plotied, and v
Incity along this trajeciory is termed VSL (pmj's). For each ceniroad location,
there is a deianion from the average path, and this is teomed the ALH (gm),
Similarly, there are points where the carvilinear path intersscts the average
path, and the numbsr of such intersections is termed BCP {number per
seonnd]) | 30 ALH, amplinde of lateral bhead desplacement; BOF, beat-cross
frequency; CASA, commpuler-assisied sperm analysis; VAP, seerage path ve-
lecity; WL, curvilinear velodiny: VEL, straight-line velooty,
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Fig 3. The linear dependence of sperm area () and VL (pm)s) in warmblood stallions, VSL, straight-line welocity.

HTM, Hamilton-Thorme Research, Using of different CASA
system may explain the dilference between these results,
Obtained sperm characteristics (volume 49.2 mil, conoen-
tration 304.8 = 10%mL MOT 58.9%) and kinemalic pa-
rameters (VAP 403 pmfs, UN 5613% STR 64.7% WOB
6(4. 7%, and BCF 13.56 Hz) by authors Quintero-Morenio et al
[31] and De la Cueva et al [53] (WOL 664 pmys, V5L
831 pmys, VAP 40.4 pmys, LIN 48.6%, STR 7263, WOE 61,

and BCF 1091 Hz) who also used for evaluation SCA
system. All these results are in accordance with values
which we obtained.

Generally, motility paramesters cormelated more with the
head area than with the elongation. Detailed results are
shiwn in Table 3. Head area was positively correlated with
VEL, VAP, and WOE (P = 05) A lendency of a positive cor-
relation was ohserved in the case of PMOT and LIN (P < 10,

Y= 5.29%- 34.27, R = 010

10

13.5 14,00 14,5 15,0

155 15,0 16,5 17.0 17,5

Area (o)

Fig. A The linear dependence of speren area [ue®) and VAP (pms) in wanmilbood stallions. VAR, sverge path wlocing

60



I KFikovd et al. / Journal of Equine Veterinary Science 57 (2017) 8-17

15

y=353+ 2004 FF =012

135 140 s 150

155
Area (zm”)

wae 65 e 175

Fig. 5. The linsar dependence of sperm area (pm®) and WOB (jgmjs) in warmiblond stallions, WOR, wobible coefficient,

Elongation was positively correlated with the MOT and
negatively with BCE. Rezagholizadeh et al [38] in their
studies consistently found a positive correlation of head
area with mean valoe of VWL (r = 0.52) and a negative
correlation of area and PMOT (r = —0L62), V5L (r = —0.40),
STR (r — 0,707, and LIN {r - —0.72). Elongation was in this
study positively correlated with PMOT {r = 0L59), VSL(r =
0.32), STE {r = 0.64), and LN (r = 0.69) and negatively

cormelated with VOL (r — —(L55), Also, Tourmente et al [54)
and Sanchez et al [55] found that increasing the sizes of all
cells components leads to the increased sperm size and
consequently the spermis are able to produce more enerey
and mowve faster. More elongated sperms with a higher ratio
of head length to head width would be more hydrody-
namically efficient with reduced drag and would pass
through the female genital tract with more velocity and STR

¥ =12 DEx+11.67. R* = 0.10

100 f
o5}
oo}
13 ) s

8.0k

BCF ()

TEb
TOp
B.5}
B0}

S5}

5.0

II:I.31 0,32 033 0,34 0,35

i}

i ]

037 0,35 0,73 0.40 o

Elngation (%)

Fig. & The linear dependence of sperm slongation (X) and BOF (Hz). BCF. heat-omss frequency.

61



6

|56]. Mossman et al |57] proved for zebras, that, several
aspects of sperm morphology were positively correlated
with sperm velacity, including total sperm length, flagel-
lum length, tail length, and flagellum/head length ratio.

In cases of the significant linear dependence of motility
parameters and morphometric sperm parameters have
been evaluated using regression analysis. Particular results
including regression equation and the value of the coeffi-
cient of determination (R?) are shown in Figs. 2-6. In the
cases of the significant dependence of variables, velocity
parameters correlated positively with sperm head area, in
comparison with the results of Rezagholizadeh et al [38]. In
their research, VSL correlates negatively with the area and
on the contrary with VCL positively. These results led us to
the development of detailed parameters of linear depen-
dence of velocity parameters VSL and VCL Our results
indicate that strong positive correlation (P < .001, r — 0.86)
was found. A positive correlation also shows area and
relative parameter WOB (VAP/VCL). This result is related to
the positive correlation of velocity parameters and head
area, with increasing area VAP increases faster compared
with VCL. It indicates that the sperm with the larger head
area when moving by average path have a smaller head
amplitude, This conclusion is reflected in tendencies of a
negative correlation between ALH and head area. In the
case of elongation, there were demonstrated a positive
correlation with MOT and BCF. Rezagholizadeh et al [38]
proved in Caspian miniature stallions positive correlation
of elongation with PMOT, VSL, STR, and LIN, and conversely
negative correlation with the VCL. In our research, linear
dependence of elongation and velocity parameters has not
been proven as well as in the dependent parameters. Sig-
nificant (P < .05) negative correlation of elongation and BCF
suggests that more elongated sperms demonstrated a
lower frequency of curvilinear path intersections with the
average path. Also, Pena et al [58] have demonstrated a
linear relationship between velocity parameters (VAP, VCL,
VSL) and sperm morphometry (length, width, area, ELIP,
ELONG) in boar ejaculate.

4. Conclusions

The present study demonstrated mean values for sem-
inal parameters of Warmblood stallions. Significant differ-
ences were shown between the observed stallions in all
evaluated parameters. Morphometric and velocity param-
eters are very difficult to objectively discuss and compare
with the results of other authors who evaluated stallions of
other breeds. More or less different methods for evaluation
of semen and sperm measurements were used in various
studies. Obtained results and information from the litera-
ture show that it has a significant influence on the
measured values. Some comparison is possible by relative
parameters calculations, for example, STR and LIN.

The present study demonstrated a correlation between
area and velocity parameters (VSL, VAP, and WOB). Elon-
gation positively correlated with MOT. More elongated
sperms demonstrated a lower frequency of curvilinear path
intersections with the average path.
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ABSTRACT

The ability of three milk-based extenders to preserve the motility and viability of cooled shipped semen produced by
stallions after a long sexual rest was evaluated. In total, 21 ejaculates from 11 stallions were collected after 5-6 months
of sexual inactivity and diluted with Kenney, INRA 94, and EquiPlus. Seven parameters were evaluated - spermatozoa
wviability (VIT, %), total motility (MOT, %), progressive motility (PMOT, %), number of progressive spermatozoa per mi
(prog M/mi, million/ml), average path velocity (VAP, pm/s), curvilinear velocity (VCL, um/s) and straight-line velocity
of spermatozoa (VSP, um/s). These parameters were determined by CASA 2 hours after semen processing and then
in 24, 48 and 72-hour intervals of storage at 5 °C. The effect of storage time was highly significant (P<0,001) for all
evaluated parameters. The effect of the extender was significant (P<0.05) for VIT, MOT, PMOT, VCL, V5L and VAP, The
ejaculates extended with INRA 96 reached significantly (P<0.01) higher values for all evaluated parameters compared
to Kenney extender. The INRA 96 extender significantly increased the values of PMOT, VCL and VAP compared to
EquiPlus (P<0.05). In all observed extenders, MOT and VIT decreased linearly whereas PMOT decreased exponentially.
The fastest decrease of PMOT was observed within 24 hours of storage. The results obtained from using INRA 96
showed that quality of cooled semen for stallions collected after a long period of sexual inactivity can be sufficiently
maintained during at least 24 hours of storage.
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ABSTRAKT

Cilem této price bylo porovnat ochranny G&inek ti mlégnych fedidel na chlazené sperma ziskané od hfebed po delsi
sexuslni pauze (5 aZ & mésicd). Celkem bylo odebrino 21 ejakulitd od 11 hfebcd. K fed&ni byla vyusita fedidla Kenney,
EquiPLus a INRA 95. Hodnoceno bylo sedm parametrd - vitalita spermif (VIT, %), celkovi motilita (MOT, %), progresivni
motilita (PMOT), potet progresivnich spermii v mililitru (prog M/mil, million/ml), prdm&ma rychlost (VAP, um//s), kiffvoZars
rychlost (VCL, um/s) a pfimogard rychost spermii (VSL, um/s). Tyto parametry byly stanoveny metodou CASA 2 hodiny
po Zpracovani spermatu a poté po 24, 48 a 72 hodindch skladovini pfi 5 °C. Byl prokizan vyznamny virv doby skladovini
spermatu (P<0,001) na viechny hodnocené parametry. Viiv fedidla byl singnifikantni (P<0,05) v pfipadé& VIT, MOT, PMOT,
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VCL, VSL a VAP. Primé&my ochranny GEinek fedidla INRA 96 byl vyznamné lep3i po celou dobu skladovini u viech
sledovanych parametrd ne? u fedidla Kenney (P<0,01) a neZ u EquiPlus (P<0,05) u hodnot PMOT, VCL a VAP. U viech
sledovanych fedidel hodnoty MOT a VIT klesaly linedrné, zatimco PMOT exponenciding. Nejrychlej®i pokdes PMOT byl
pozorovin v prib&hu prvnich 24 hodin skladovini. Viysledky dosaZené s fedidlem INRA 96 ukdzaly, 2e kvalita chlazeného
spermatu u hfebcd odebranych po deldi sexudini inaktivitd miZe byt dostateén? udrfena nejméné b&hem prvnich 24

hodin skdadovani,

Klitova slova: chlazené sperma, ejakulit, fedidlo, motilita spermii, hfebec

INTRODUCTION

The success of equine artificial insemination
(Al) depends on maintaining the fertilizing ability of
spermatozoa during cold storage. To achieve this goal,
several basic and modified extenders have been developed
(ljaz and Ducharme, 1995). Most extenders for equine
semen cold storage are based either on skimmed milk or
egg volk (Jasko et al., 1992; Moran et al., 1992; Bergeron
and Manjunath, 2006). Milk and milk-based extenders are
known to be practical and efficient in protecting equine
spermatozoa during cold storage before Al (Michajilov,
1950; Kenney et al., 1975; Palmer, 1984). However, milk is
a biological fluid with a complex compaosition and contains
components that could be beneficial or detrimental to
sperm survival (Batellier et al., 2001). Some commercial
extenders substitute protein-defined milk fraction for
milk (Lagares et al., 2012). Fractionating milk has allowed
the preparation of purified protein fractions. Among
these, native phosphocaseinate (NPPC), composed of
total micellar caseins, and B-lactoglobulin were found
to be the most effective in supporting the longevity of
cold-stored spermatozoa (Batellier, 1997: Batellier et al.,
1997). Pellicer-Rubio and Combarnous (1998) state that
MPPC is the most efficient component for preserving
motility (MOT) and maintaining the fertility of equine
spermatozoa stored for 3 days compared to standard
skim-milk extenders. Batellier et al. (1997) developed the
INRA 95 extender which is a chemically defined medium
with NPPC substituting for skimmed milk.

In a healthy stallion, the period of sexual rest is
probably the most important aspect of determining the
quality of semen (Thompson et al., 2004). It is a common
practice for many sport horse stallions to breed a very
limited book of mares each breeding season. Therefore,

the interval between successive semen collections may
be too long to maintain optimal semen quality for a
cooled semen shipment program (Samper et al., 2008).
The lack of studies performed without stabilizing the
extragonadal spermatozoa reserves raises the following
guestions: what are the semen parameters of the
ejaculates of stallions after a long sexual rest? Can the
semen parameters in stallions after a long sexual rest be
influenced by the choice of an appropriate extender?

The aim of the present work was to evaluate the effect
of extenders containing defined milk components with a
widely established skimmed milk extender on the motlity
parameters and viability of stallion spermatozoa obtained
after a long sexual rest.

MATERIALS AND METHODS
Stallions

Semen samples were obtained from 11 clinically
healthy and fertile stallions (age 3-21 years). Stallions
were all involved in a commercial Al program at the
Mational Stud Pisek, Czech Republic. The stallions were
stabled in the same conditions, i.e. boxes sized at least 5
* 5 m. The stallions’ feed dose contained 11 kg hay, 1 kg
straw, 3 kg oats, and mineral and vitamin supplements—
PREMIN for breeding stallions (VVS Vermé&fovice, 5. 1. 0.,
Czech Republic) and STARFIT granulated feed (FIDES
AGRO, spol. 5. r. 0., Czech Republic). Exercise was also an
integral part of management, 1-4 hours a day, 6 days a
week. It was provided in a combination of turn-out in the
paddock, riding, and mechanical walker.

Semen Collection

Twenty-one ejaculates were collected before the
beginning of the 2018 breeding season from 11 stallions
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(n=10 in January, n=11 in February). The sexual rest of
the stallions was approximately five to six months.

Semen collection was performed on a phantom using
a Colorado model artificial vagina in the presence of a
mare. Immediately after collection, the gel fraction was
removed, the semen was filtered through sterile gauze and
the volume of ejaculate was recorded. Each ejaculate was
split into 3 aliquots and one of the 3 extenders, warmed
to 37 °C, was added to each aliquot at a 1:1 dilution. After
dilution, the semen samples were equilibrated for 20
minutes at room temperature in the dark. Afterincubation,
the semen was cooled to 5 °C at an approximately 0.3 *C/
min cooling rate and stored at 5 °C in a refrigerator. The
semen samples were then transferred to the laboratory
of ZF JU in Ceské Bud&jovice. Samples were transported
for approximately 0 min in a Styrofoam box with cooling
elements.

Semen Extenders

Two commercially available extenders (IMRA 956 and
EquiPlus) and one privately prepared extender (Kenney)
were tested.

IMRA 96 is patented and available as a ready-to-use
solution (Ref. 016441, IMV Technologies, Saint-Ouen-
Sur-lton, France). This chemically defined extender
contains Hanks' salts, glucose (67 mM) and lactose (126
mM) supplemented with a purified milk fraction, and
native phosphocaseinate (27 g/l).

EquiPlus (Ref. 13570/0202, Minitib, Tiefenbach,
Germany) contains defined caseinates, glucose, sucrose,
buffer and antibiotics (lincomycin and spectinomycin).
It was used in the powdered form and dissolved in
purified water (Double Distilled Water, pyrogen-free and
sterile, Ref. 13570/1000, Minitiib, Tiefenbach, Germany)
according to the manufacturer’s instructions.

The Kenney extender is based on glucose and non-
fat milk and contains 2.4 g non-fat dry skimmed milk,
49 g glucose monohydrate, 100 ml redistilled water
and antibiotics (0.15 g dihydrostreptomycin and 0.15
penicillin). This extender was created in the Pisek, Novy
Dwiir laboratory especially for Mational Stud Pisek.

Semen Evaluation

Semen samples were svaluated after transporting the
cooled semen. Thus, the semen motility was evaluated
at the time of insemination rather than directly after
collection at the time of processing.

Spermatozoa motility and kinematic parameters were
determined objectively using a Sperm Class Analyzer
(SCA, MICROPTIC 5L, Barcelona, Spain). This apparatus
was equipped with a microscope (Mikon ECLIPSE E200
LED MV Series) with phase-contrast.a heated plate (37
C) and a built-in digital camera (Basler Color) to capture
images and transmit them to a computer (Genuine Intel
Core i5).

Motility was evaluated using the Sperm Class
Analyzer motility module. This module was established
by analysing 16 consecutive, digitized photographic
images obtained from a single field. These 14 consecutive
photographs were taken with a 0.64 s time-lapse, which
implied an image capturing velocity of one photograph
every 40 ms. Sperm cells were detected automatically.
Motility was analyzed using negative phase-contrast (Ph-
), 100x magnification and a green filter. Semen samples
were opened to remove an aliquot for each time and then
resealed. For motility analysis, aliquots were prewarmed to
37 *C for 10 minutes. A prewarmed Leja slide (20 microns
in depth; Leja Amsterdam, The Netherlands) at 37 °C was
loaded with extended semen (3 ulL) and 10 microscopic
fields were evaluated. The final semen concentrations
for analysis were 30-50 x 10* spermatozoa cells/ml.
Approximately 100-200 spermatozoa cells were analysed
in one microscopic field. Parameters evaluated using
the Sperm Class Analyzer were total motility (MOT, %),
progressive motility (PMOT, %), number of progressive
spermatozoa per ml (prog M/ml, %), curvilinear velocity
(VCL, um/s), straight-line wvelocity (VSL um/s) and
average path velocity (VAP, um/s). Spermatozoa were
classified according to curvilinear velocity (VCL) as rapid
(> 90 pm/s), medium (45-20 um/s), slow (10-45 um/s)
and static (< 10 pm/s). Spermatozoa were considered
progressive with at least 75% straightness (STR).
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The viability of spermatozoa was evaluated using the
Sperm Class Analyzer vitality module and fluorescent
staining FluoVit (MICROPTIC SL). FluoVit is a fluorescent
staining solution that permits differentiating the living
spermatozoa from the dead spermatozoa using fluorescent
dyes (Hoechst and Trihydrochloride Trihydrate, Propidium
lodide). Semen sample (10 pl) was incubated with 1 ul
BLUE eppendorf stain (Hoechst 33342, Trihydrochloride
Trihydrate 330/380) at 37 °C for 5 minutes and then with
1 ul RED eppendorf stain (Propidium lodide 536/617)
for 5 minutes. After incubation, one drop (4 pl) of stained
sample was placed on a glass slide and covered with a
glass coverslip. For the analysis of viability, fluorescence,
magnification 200x and DAPI filter (EX 330-380. DM 400,
BA 420, standard filter for UV) were configured. Heads
of membrane-intact (viable) spermatozoa showed bright
blue colour, spermatozoa with damaged membranes
(dead) were stained red. At least 200 spermatozoa were
evaluated per sample and the mean calculated by software
provided by SCA. Results are given as percentages of live
spermatozoa in the samples.

The chosen parameters were measured for each
sample of extended semen immediately after cooling to 5
°C (2 h), and after storage at this temperature for 24, 48
and 72-hour time periods for all extenders.

Statistical Analysis

MS Office and Statistica.12 (StatSoft®, Prague,
Czech Republic) were used for data processing. The
effect of extender on cold-stored semen characteristics
was assessed using analysis of variance with repeated
measurements followed by the Tukey test for multiple
comparisons. Statistical significance was set at P<0.001
(***). P<0.01 (**) and P<0.05 (*) and tendencies were
defined as 0.05<P<0.10 (+). Relationships among time
and dependent variables were estimated using linear
regression. Regression analyses were used to evaluate how
time was related to the dependent variables (parameters),
and to explore the forms of these relationships among all
studied extenders. The results, in the form of an equation,
are shown together with the coefficient of determination
(R?). The velocity of decrease for the obtained values

was evaluated using the first derivative, which can be
interpreted as an instantaneous rate of change. Data are
presented as means = standard error of the mean (SEM)
unless otherwise indicated.

RESULTS

Table 1 shows the significant effect of extender on VIT,
MOT, PMOT, VCL, VSL and VAP (P<0.05). As expected,
highly significant effect of storage time on all evaluated
parameters was manifested (P<0.001). The interaction
of time and extender was significant for PMOT and VCL
{P<0.05).

Table 1. The effect of extender and storage time on cold-
stored semen motility and vitality assessed by analysis of van-

ance with repeated measurements

Parameter extender time timeextender
MOT (5) - - -
PMOT (%) = br =
prog M/mi + pnss -

VCL (unvs) = e =

VSL (um/s) > o -

VAP (um/s) g b -

VIT (%) Lag . -

M/mL, million progressive sperm per mb: VAP, average path velocity,
Data are presentad as statistical significance P<0.001 (**), P<0.01 (*").

P<0.05 ("), tendencies were declared at P<0.10 (+), P>0.10 (-}

The results of multiple comparisons using the
Tukey HSD test (Figure 1) demonstrate that the overall
protective effect of INRA 96 extender was significantly
better than for semen diluted with Kenney (P<0.01).
The VIT, PMOT, VCL and VAP were higher for ejaculates
extended with INRA 96 (P<0.05) than those extended
with EquiPlus. No difference was found between Kenney
and EquiPlus extender.

To illustrate the effect of three different semen
extenders in detail, the cooled semen parameters (motility
characteristics) were evaluated at 2, 24, 48 and 72-hours
(Table 2). Our results show that spermatozoa motility
parameters differed significantly among extenders.
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Abbreviations: MOT, total motility; PMOT, progressive motility; VAP, average path velocity; VCL curvilinear velocity: V5L straight-line velocity; VIT.
Figure 1. Graphs of multiple comparisons of INRA 96, EquiPlus and Kenney using the Tukey HSD test within evaluated parameters
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Table 2. Effect of extender on stallion semen motility parameters (mean 2 SEM) for ejaculates (n=21) stored at 5 °C up to 72 hours

2 hours 24 hours
Parameter
EquiPlus Kenney INRA 96 EquiPlus Kenney INRA 96
MOT (%) 8568633 8292:41> 94.25 = 148 6579 £ 514 5945 564 7909 £ 4.1
PMOT (%) 3240z 378 2749 £ 3.95~ 47.53 £ 3.68 1227 2274 9942297 19.932 326
prog M/mlL 7613£1229 6583x11.15° 1036821606~ 30892754 2792615 46.50 £ 9.68°
VCL (um/s) 60.72 £ 3.61 5505+ 38 7428 £ 362 39.45 2 2 69° 3598 + 285° 4647 317
VSL(um/s) 28992200 2674 1£224% 3501 £ 213 15.05 = 1.55° 13.85 £ 1L.66° 18382 1.7F
VAP (um/s) 4545 £ 299 4134 £ 3.16~ 5633289 25512227 23352 24% 30852264
48 hours 72 hours
Parameter - -
EquiPlus Kenney INRA 96 EquiPlus Kenney INRA 94
MOT (%) 48642583 347824427 59.64 £ 5.02¢ 2842:501° 22042 370 38.90 2555
PMOT (%) 4.80 + 1.50p»2 272072 8392 204 1.87 2 0.60r»+ 1.05 2029 3.92 £ 0.88
prog M/mlL 11.28 + 346 573+134 2098 £ 646 438 2 147w 269 2075+ Q.07 £ 273
VCL (um/s) 28921203 2644124 33032 254 2418+ 143 2316+ 112 28.55 2 1.6&
VAL (um/s) 958 082 8.61 £ 057 1115+ 1.05° 6.91 £ 059 6.37 £ 0.38° 8.49 £ 0.62°
VAP (um/s) 16,63 + 1.48° 15.16 £ 0.90° 19.15 £ 1.90° 1302+ 107 1219 £ 0.61° 15.50 £ 1.06°

curvilinear velocity: WSL, straight-line velocity

“» Different superscripts in a row within individual time periods indicate significant differences among extenders (P<0.05)
iza4 Different superscripts within a row indicate significant differences among time periods within individual extender [P<0.05)

Generally, the values of all spermatozoa motility
parameters were the highest in the INRA 946 extender
over the monitored time. At the 2-hour interval, PMOT,
VCL and VAP were significantly higher in INRA 24
compared to the other extenders. The prog M/mL and
VSL were significantly higher in INRA 96 compared to
Kenney. At 24-hours, MOT was significantly higher in
INRA 96 compared to Kenney. PMOT tended toward
a significant difference (P=0.06) between these two
extenders. Twenty-four hours later (48-hours), only MOT
was significantly higher in INRA 95 compared to Kenney
and PMOT and prog M/mL tended toward a significant-
difference (P=0.05 and 0.07, respectively). At the end of
the expenmental period (72-hours), MOT did not differ
between INRA 946 and Kenney (P=0.07), while PMOT
and prog M/mL significantly differed between these two
extenders.

Figure 2 illustrates that spermatozoa viability differed
significantly among extenders over time. In all four
periods of storage, spermatozoa viability was significanthy
higher in INRA 94 than in Kenney and EquiPlus. At 2
hours, viability in INRA 96 was significantly higher than
in Kenney (by 27.82%) and EquiPlus (by 22.06%). After
24, 48 and 72 hours of storage at 5 °C, the percentage
of membrane-intact spermatozoa was significantly lower
in semen diluted with Kenney (by 30.9, 29.3 and 28.9%,
respectively) and EquiPlus (by 27.3, 24.8 and 25.0%,
respectively) than in semen diluted with INRA 95.

Finally, the differences in the decrease of VIT. MOT
and PMOT can be seen in Table 3. For all evaluated
parameters, values of R’ ranged from 0.15 to 0.64. In the
cases of MOT and VIT, a linear regression was observed.
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Table 3. The dependence of semen motility and viability on time evaluated by regression (velocity of decrease in % per hour, prog M/mL per hour and pum/s per haur)

Velocity of Decreasing in

Average velocity of Decreasing in

Absolute values of decreasing in

First
Parameter Extender R perwvative 5, 24h 48h 72h  2-24h  24-48h  48-72h  0-24h  24-48h  48-72h
viT Kenney 027  y=-0.27 027 027 027 028 027 027 0.27 641 641 -6.41
EquiPlus 021  y=-023 023 023 0.23 023 023 0.23 0.23 5.56 5,56 -5.56
INRA96 015  y=-023 -0.23 023 0.23 023 023 0.23 0.23 5.41 541 -5.41
MaT Kenney 056  y=-088 088 088 088 088 088 0.88 088  -2101 -2101  -2101
EquiPlus 048  y=-082 082 082 0.82 082 082 082 082 1966 1966  -19.66
INRA9S6 053  y=-079 079 079 0.79 0.79 079 0.79 079  -1905 1905  -19.05
PMOT Kenney 064 y=-135e% 135 0.35 0,09 074 074 0.19 005  -1778  -464 121
EquiPlus 052 yw=-166e% 166 045 012 093 093 0.25 007 2233 611 167
INRA96 060 y=-2,15e%04  .215 071 0.24 -1.30 -1.00 043 014  -3120  -1034  -343

Abbrevistions: MOT, total matility; PMOT, progressive matility, VIT, viability
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Figure 2. Percentage of vital spermatozoa in semen diluted in
three different extenders during storage at 5 °C for 72 hours

In addition, an exponential regression was observed
for PMOT, where the velocity of decrease was the fastest
in the first 24 hours of storage. In the case of VIT and
MOT, the slowest decrease was recorded for the INRA
96 extender (0.23% per hour and 0.79% per hour,
respectively). The fastest decrease was observed in the
Kenney extender (VIT 0.27% per hour and MOT 0.88%
per hour). The opposite trend was observed in PMOT.
The fastest decrease was found in the INRA 96 extender.
The mean decrease in the first 24 hours in the INRA 94
extender was 1.30% per hour, 0.93% per hour in EquiPlus
and 0.74% per hour in Kenney.

DISCUSSION

This study is the first study describing the quality of
cooled semen extended with three milk-based extenders
in breeding stallions after long sexual rest.

We have demonstrated that the semen characteristics
of cold-stored semen were affected by the extender used
and the storage time elapsed. Our findings related to
ejaculate characteristics of stallions with along sexual
rest are consistent with previous studies demonstrating
the effect of extender (Webb et al., 2009; LeFrapper et
al., 2010) and storage time on stallion semen parameters
(Awurich et al, 2007; Janett et al., 2012) when collecting
experimental semen samples preceded by repeated
semen collection.

In the present study, the differences observed in
semen mofility among the extenders used agree with
the findings of other authors for stallions without sexual
rest (Pagl et al, 2006; LeFrapper et al., 2010; Janett et
al., 2012; Meuhauser et al, 2018;). The good results for
semen motility obtained when INRA 96 extender was
used correspond with the special composition of this
extender (Pillet et al., 2008). It is advantageous to use
native phosphocaseinate as a protective agent in INRA
96 extender (da Silva et al, 2012). Moreover, other
substances contained in this extender help to protect
spermatozoa obtained after a long sexual rest against the
harmful effects of prolonged storage at 5 °C during the
72-hour interval.

The different effects of extenders on spermatozoa
motility parameters during prolonged preservation (Table
2) in our study correspond with previously published
data (Pagl et al, 200&; Aurich et al, 2007; LeFrapper
et al, 2010). The main objective of semen processing
in preparation of a cooled insemination dose is to find
the best extender that will maintain satisfactory quality
during shipping until insemination (Heckenbichler et al.,
2011). According to the motility parameters evaluated
in our study, the best choice, from the extenders tested,
would be INRA 96 when shipping takes about 24 hours
in the case of irregularly collected stallions. Our results
are in agreement with other studies, although performed
with semen from regularly collected stallions, where
semen extended with INRA 96 maintained appropriate
quality for 24 hours after dilution (LeFrapper et al,, 2010;
Ortega-Ferrusola et al., 2011; Janett et al., 2012; Bolafos
et al, 2014). Nevertheless, in subsequent periods (after
48 and 72 hours of storage at 5 °C), the EquiPlus and
IMRA 96 equalized. These results are inconsistent with
LeFrapper et al. (2010) but the potential weakness of
their study is that CASA thresholds are lacking and only
two stallions were included. This may be an insufficient
number for observation due to individual stallion
variability, which was observed in previous studies (Webb
et al, 2009; Janett et al, 2012). An insufficient number of
observations could have caused a fluctuating effect on
the observed parameters of stallion spermatozoa. In this
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study semen samples were obtained from 11 clinically
healthy and fertile stallions and the effect of extender
on cold-stored semen characteristics was assessed using
analysis of variance with repeated measurements. The
benefit of Repeated Measures Design is that of reduced
variance and bias of the model's error by controlling for
factors that cause variability among subjects. The error
term contains only variability within subjects and not the
variability among subjects. By controlling for differences
among subjects, this type of design can show much more
statistical power.

As regards the detailed mofility parameter results, it
seems that compared to caseinate extenders, Kenney is
the less favourable choice. This result is in agreement with
previous studies where semen extended with Kenney
reached lower quality in vitro compared to EquiPro (Pagl
et al, 2006) or INRA 82, which is a previous version of
INRA 96 (ljaz and Ducharme, 19935). These results were
supported by an in vivo study (Batellier et al, 2001). The
Kenney extender was developed in 1975 (Kenney et al.,
1975) and it represents a basic and cheap option for
breeders or equine reproductive centres; however, the
composition is very simple. Even when the milk in Kenney
extender was substituted by 0.6% sodium caseinate, the
total and progressive motility, kinematic parameters and
percentage of spermatozoa with intact plasma membrane
did not differ between Kenney and Kenney + 0.6%
caseinate after 24-hour storage (Martins et al., 2014).

Only spermatozoa both motile and with intact plasma
membrane can fertilise an oocyte in vivo (Yanagimachi,
1994) and thus, it is of interest to assess changes in these
parameters over time during storage in different semen
extenders (Love, 2012).

The sperm motility is highly correlated with sperm
viability in stallions. Thus, despite individual variation
among stallions, 70 - 80% of the sperm in a fresh ejaculate
from a normal stallion are expectedly viable (Sieme,
2009). Theoretically, every motile cell is viable but not
all viable cells are motile (Nagy et al., 1999). While the
integrity of the plasma membrane covering the principal
pieces of the sperm can be assessed by analysis of sperm

mofility, the integrity of the plasma membrane covering
the acrosome is focused on the integrity of the outer
acrosomal membrane using microscopy, fluorometers
and flow cytometry. Fluorescent stains bind to and stain
the DMA of sperm possessing defects of post-acrosomal
plasma membrane of the sperm head. Non-viable cells
can be determined using membrane-impermeable nucleic
acid stains, which penetrate through a damaged plasma
membrane and result in fluorescent signals of nuclei of
dead spermatozoa. Propidium iodide cannot cross intact
cell membranes, it gains access to nuclear DMA only when
cell membranes are damaged and non-viable. Bound to
nucleic DNA, Pl fluoresces red in response to excitation
(Sieme, 2009). The fluorochromes used here label the
DMA in the sperm head and therefore indicate the sperm
head membrane status only. Sperm membrane damage
usually starts over the flagellar subdomain, therefore
there are sperm cells which have intact head membrane
(so they are classified as viable) but are immotile due
to the damaged tail membrane (Magy et al., 1999). The
reason for the lower values of sperm wviability found
in this study is not clear (the procedure of preparation
of the preparation for viability assessment in the SCA
module was followed exactly and was the same for all
evaluated samples, as well as the analysis of samples).
Based on lower percentage of viable sperm compared to
the percentage of motile sperm, poor calibration of SCA
vitality module for viability analysis may be a possible
explanation, leading to underestimation of percentage
of sperm viability in the sample. Dhurvey et al., (2012)
confirm that the disadvantages of CASA are related
to the extreme need of validation, quality control and
standardization of the measures realized. It is vital to use
appropriate optics and the best illumination possible to
enhance the contrast of the spermatozoa heads, which
in turn facilitate the manual selection of thresholds.
Nevertheless, these results are significant in the relative
comparison of the values in terms of the effect of time
and extenders used.

In our study, spermatozoa viability differed significantly
among extenders over time. Qur results related to
plasma membrane status are different compared to
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previously published data where no significant effect of
milk caseinates was found in regularly collected stallions
(Pagl et al, 2006; Janett et al, 2012). The situation
changed when semen was centrifuged before cooling
(Pagl et al., 2006). After 24 and 72 hours of storage, the
extender containing defined milk protein preserved the
plasma membrane status at a significantly higher level
(Pagl et al, 2006). The positive effect of INRA 96 on
spermatozoa plasma membrane during storage could
be a consequence of NPPC action where this part of
the extender decreases efflux of cholesterol and thus
preserves the phospholipid:cholesterol ratio important for
maintenance of proper fluidity of spermatozoa membrane
(Bergeron and Manjunath, 200&). This positive effect is
quite important when semen needs to be stored for a
long time peried in 5 °C in order to retain its fertilizing
capacity. This positive effect of NPPC is also supported
by high concentration of sugars present in INRA 96 which
create physical protection and energy source for the
spermatozoa cells during preservation (Pillet et al., 2008).
Therefore, semen diluted with INRA 96 extender has the
best predispositions for maintaining its viability and for
subsequent use for insemination from among the tested
extenders in our study.

Prolonged cold storage of ejaculated sperm usually
causes decreased motility and kinematic parameters
(Rigby et al., 2001; Pagl et al, 2005; Bolahos et al., 2014;
Love et al, 2015;). Also, Price et al. (2008) and Webb et al.
(2009) suggested that the motility and velocity of equine
semen are often impaired progressively during storage;
this has been confirmed in extenders such as INRA 96
and equivalent (Webb et al, 2009). These findings agree
with our results in which a decrease in the values of all
evaluated parameters can be seen. Halo et al's (2018)
results for stallion spermatozoa motility and progressive
motility showed a decreasing trend in each time interval.
However, after six hours their results showed a rapid
percentage drop-off in semen parameters. In our study,
INRA 96 kept the highest PMOT in comparison with the
other two extenders during the whole storage period.
Batellier et al. (2001) stated that INRA 96 is an efficient
extender for preserving fertility potential of spermatozoa

for at least 24 h. It also seems to protect spermatozoa
cells during long-term storage with more efficiency than
traditional milk extenders.

CONCLUSIONS

In conclusion, a defined milk protein extender results
in comparable or better semen parameters during cold
storage than an extender based on skimmed milk when
the semen is from stallions after a long sexual rest. The
extenders with defined caseinate components (INRA 96
and EquiPlus) showed a slower decline of PMOT at 48 and
72 hours of storage in comparison with skimmed milk-
based extender. Moreover, when diluted with INRA 96,
the extender containing NPPC, the quality is prolonged in
comparison to other extenders (EquiPlus, Kenney) for at
least to 24 hours post- collection and dilution. The best
results obtained with extender INRA 956 showed that the
semen collected after a long period of sexual abstinence
could be used for producing insemination doses of cooled
semen during the first 24 hours of storage.
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6 Zaver

Na zéaklad¢ vysledki popsanych v této disertani praci lze zavéry shrnout do

nasledujicich bodt.

Hmotnost teplokrevnych koni Ize s vyuzitim linearnich vztahi télesného
meéfeni odhadnout, a to vzorcem upravenym pro 4 vékové skupiny. Tim je

zohlednéna rtiznd intenzita rustu v prabéhu dospivani teplokrevnych koni.

S vyuzitim Brodyho funkce byl sestaven ristovy model pro teplokrevné
hiebce ve veku od 7 do 36 mésict. Tato funkce aktualizuje soucasnou kiivku
S pasmy rustu, ktera se vyuziva pii tfidéni teplokrevnych hiebcti. Jako
nejvhodnéjsi pro vyuziti v chovatelské praxi se ukézalo sestaveni
percentilovych pasem v porovnani se Z-score grafem. Pasmo standardu bylo

uréeno v intervalu mezi 25. a 75. percentilem.

Prokazala se souvislost mezi morfometrickymi a kinematickymi parametry u
spermatu teplokrevnych hiebcli. Mezi parametry plochy a rychlosti (VSL,
VAP a koeficient kolisani WOB) byly prikazné pozitivni korelace.
ProdlouZeni hlavi¢ky spermii pozitivné korelovalo s MOT. Vice protahlé
spermie vykazovaly nizs8i frekvenci prisecikll kiivo€aré drahy s primérnou

drahou.

Byl prokazan vyznamny vliv doby skladovani spermatu (p-hodnota < 0,001)
na v8echny hodnocené parametry. Vliv fedidla byl signifikantni (p- hodnota
<0,05) v ptipad¢ VIT, MOT, PMOT, VCL, VSL a VAP. Primérny ochranny
ucinek fedidla INRA 96 byl u vSech sledovanych parametrti vyznamné lepsi
nez ucinek fedidla Kenney (p-hodnota < 0,01) a EquiPlus (p-hodnota < 0,05)
u hodnot PMOT, VCL a VAP, a to po celou dobu skladovani.
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