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Abstrakt

Prace se zabyva problematikou kraniometrického méfeni a morfologickych parametri
vzajemné korelujicich s kraniometrickymi rozméry, které poukazuji na vyvoj populace a
fyzickou kondici jedince sparkaté zvéte. Prace je slozena ze tii tematickych okruht,
sestavenych z péti publikaci. V prvnim okruhu byla vyhodnocena kraniometricka variabilita
dolnich ¢elisti srnce obecného a prasete divokého. 7560 ¢elisti srnce obecného a 1135 Celisti
prasete divokého byly podrobeny kraniometrickému méfeni. V ptipadé Celisti srnéi zvéte byla
zjisténa prumeérna délka Celisti 130 mm v ptipad¢€ srncat a 153 mm v piipad¢ srn. K nejvétSimu
narustu délky celisti a hmotnosti jedince dochazelo do 4 let véku. Délka celisti vykazovala
pozitivni korelaci s hmotnosti jedince a je tedy mozné fici, Ze je ukazatelem kvality populace.
Celisti prasete divokého byly méfeny komplexngji, celkem bylo hodnoceno 16
kraniometrickych parametru. Parametry vykazovaly pozitivni korelaci jak s vékem, tak
s hmotnosti jedince. Mimo jiné byl v n¢kolika rozmérech prokazan pohlavni dimorfismus. Pii
porovnani kraniometrickych parametri jedince s velikosti lesni plochy, Vv radmci, které se
vyskytoval, bylo zjisténo, ze jedinci z oblasti s vice nez 200 ha lesni plochy dosahuji vétsich
rozmérd neZ jedinci Z oblasti s niz§im pomérem lesa. V druhém tematickém okruhu dizertace
bylo provedeno vyhodnoceni hmotnostnich parametri jelena siky japonského a vyhodnoceni
hmotnostnich parametri a kvality masa danika evropského. U jelena siky z oblasti
Konstantinolazenska byla vyhodnocena hmotnost jedince a jeho vnitinich organt. Byl prokézan
vzajemny vztah mezi hmotnosti celého jedince a hmotnosti jednotlivych organt. Procentualni
podil hmotnosti vyvrzeného jedince vici celkové hmotnosti po uloveni ¢inil 74 %. Mimo jiné
byla zaznamenana pozitivni korelace mezi vékem samce, hmotnosti téla a hmotnosti hlavy.
V piipad¢ danka evropského byla z biometrickych udajii posuzovana hmotnost a chemické
sloZzeni masa. Procentudlni podil hmotnosti vyvrZzeného jedince vii¢i celkové hmotnosti po
uloveni ¢inil 63 %. Obsah intramuskularniho tuku nebyl ovlivnén pohlavim jedince. Obsah
susiny byl vys$si v pfipad¢é samci, stejné tak, jako obsah hrubého proteinu. Tieti tematicky
okruh byl zaméfen na pouziti 3D zobrazovacich technologii pro ucely kraniometrickych
meéfeni. Rozliseni digitalizovanych objektt z 3D skeneru se pohybovalo od 0,008 mm do 0,122
mm. Pro rozméry cCelisti byla zaznamenana pozitivni odchylka (p <0,01) od primarniho
kontrolniho méfeni digitalnim posuvnym métitkem. Primérny objem parozi naméteny pomoci
valce byl nejnizsi z pouzitych metod, nasledoval CT skener a nejvySsi hodnoty byly naméteny
pomoci 3D skeneru. Byla prok4zdna vys$si piesnost a opakovatelnost modernich méticich

metod na rozdil od metod zakladnich.

Klicova slova: Kraniometrie, odontologie, biometrie, 3D zobrazovani, digitalizace, presnost



Abstract

The thesis deals with the issue of craniometric measurements and morphological parameters
correlated with craniometric dimensions, which indicate the development of the population and
physical condition of an individual game animal. The work is composed of three thematic areas,
compiled from five publications. In the first heading, the craniometric variability of the
mandible of roe deer and wild boar was evaluated. 7560 roe deer mandibles and 1135 wild boar
mandibles were subjected to craniometric measurements. The average mandible length was
found to be 130 mm for roe deer and 153 mm for hinds. The greatest increase in mandible
length and weight of the individual occurred up to 4 years of age. The mandible length showed
a positive correlation with the weight of the individual and can therefore be said to be an
indicator of the quality of the population. Wild boar mandibles were measured more
comprehensively, with a total of 16 craniometric parameters assessed. The parameters showed
a positive correlation with both age and weight of the individual. Among others, sexual
dimorphism was demonstrated in several dimensions. When comparing the craniometric
parameters of an individual with the size of the forest area within which it occurred, it was
found that individuals from areas with more than 200 ha of forest area attained larger
dimensions than individuals from areas with a lower proportion of forest. In the second thematic
area of the dissertation, an evaluation of the weight parameters of the Japanese sika deer and an
evaluation of the weight parameters and meat quality of the European fallow deer were carried
out. The weight of the individual and its internal organs were evaluated in Sika deer from the
Constantinople region. A correlation between the weight of the whole individual and the weight
of the individual organs was demonstrated. The percentage of the weight of the ejected
individual in relation to the total weight after capture was 74 %. Among other things, a positive
correlation was observed between male age, body weight and head weight. In the case of the
European fallow deer, the weight and chemical composition of the meat were assessed from the
biometric data. The percentage of the weight of the ejected individual to the total weight after
capture was 63 %. The intramuscular fat content was not influenced by the sex of the individual.
Dry matter content was higher in males, as was crude protein content. The third topic focused
on the use of 3D imaging technologies for craniometric measurements. The resolution of the
digitized objects from the 3D scanner ranged from 0.008 mm to 0.122 mm. A positive deviation
(p < 0.01) from the primary control measurement by digital calipers was observed for the
mandible dimensions. The average antler volume measured by the cylinder was the lowest of
the methods used, followed by the CT scanner, and the highest values were measured by the
3D scanner. The accuracy and repeatability of modern measurement methods were shown to be
higher as opposed to basic methods.

Keywords: Craniometry, odontology, biometry, 3D imaging, digitization, accuracy
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1. Uvod

Voln¢ zijici zvéf je v soucasné dobé z velké miry ovliviiovana antropogennimi vlivy. At uz
zpusob hospodareni Vv krajiné, myslivecky management nebo pouhé rekreacni aktivity vyrazné
zasahuji do Zivota zvéte a narusuji zivotni procesy tak diilezité pro zdravy vyvoj jedince. Velky
tlak, ktery je kladen na regulace stavi voln¢ zijici zvéte vyzaduje odborné zasahy do populace,
kterou je tfeba redukovat tak, aby snizeni poctu jedinci bylo zaméfeno na slabé, nevhodné
jedince, ktefi negativné ovliviiuji vyvoj populace. Zaroven vSak musi byt tato regulace
efektivni.

Kraniometrie patii jiz téméf sto let k jednomu ze zékladnich védnich oborii pfinasejicich

druhové rozdily, geografickou variabilitu, vyvoj populace i jedince, fyzickou kondici a jiné.

Vyvoj lebky koreluje s mnoha veli¢inami, z nichz jednémi ze zakladnich jsou vék a
hmotnost. Hmotnost je primarnim ukazatelem fyzické kondice. Diky hmotnostnim parametrim
je mozné posuzovat fyzicky stav jedince a aplikovat tak vhodny management druhu v dané
oblasti. Stejné tak, jako hmotnost je dilezitym faktorem slozeni masa, které vyrazné ovliviiuji
vnéjsi podminky plsobici na jedince. Zvétina je z dietetického pohledu prospé$nou potravinou
a pro zvyseni jejiho odbytu v rdmci naseho uzemti je tfeba pracovat na informovanosti Siroké
vefejnosti, ktera ji v soucasné dob¢ nevnima dostatecné jako vhodny, a hlavné snadno dostupny
zdroj kvalitniho masa. Ziskavani informaci o volné Zijici zvéfi, zvlasté pak kraniometrickych,
ale skyta mnoho uskali. Pfes nedostate¢né mnozstvi studovaného materialu az k aplikovanym
metodam, které velmi Casto nepfindSeji adekvatni vysledky. V pfipadé novych moznosti
Vv kraniometrii se otevira pomérné rozsahlé pole ptisobnosti 3D zobrazovacich systémi, které
piinaseji moznost ziskani, ¢asto doposud nemétenych parametra. Vyuziti technologii, jako je
3D scanner nebo CT scanner je vSak pro ucely kraniometrie stale spiSe okrajové i pfes nesporné
vyhody, jez tato zafizeni poskytuji. Zobrazovaci limity jsou velmi malé a je tak moZné
dosahovat odlisnych vysledkii neZ standardnimi metodami. Bohuzel diky omezenému vyuziti
modernich méficich metod jsou nedostupné metodické postupy pro jejich aplikaci a v fadé
ptipadi se tedy postupuje spise zptisobem pokus omyl. Casto tak dochazi k nevratnym
investicim, a to jak do vybaveni, tak ¢asovym, které nepfinaSeji kyzeny vysledek. Cestou
k vyfesSeni téchto tuskali je nastaveni pevnych metodik, které pomohou vytvofit novy obraz

budouci kraniometrie a pfinesou tak vysledky vedouci k hlubSimu poznani druht.
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2. Aktualni feSeni a cile prace

PtedloZena disertacni prace je souborem péti clanki sestavenych do tii tematickych okruhd,

které byly dale publikovany v ¢asopisech s IF ¢i v databazi Scopus.

Hlavnim cilem dizerta¢ni prace je vyhodnoceni biometrickych parametri zvéie a jejich

piipadna aplikace v mysliveckém managementu konkrétnich druh.

Dil¢i cile dizertacni prace jsou nasledujici:

Zjisténi variability vybranych druhti zvéie — srnce obecného, prasete divokého, jelena
siky japonského a daiikka evropského na zaklad¢ kraniometrickych a biometrickych
rozmeéru

Ziskani poznatkii o kraniometrickych, odontologickych a biometrickych veli¢inach a
jejich interakci s vnitfnimi i vné&j§imi proménnymi.

e Analyza vztahu kraniometrickych rozméri méfenych na dolni éelisti s hmotnosti
a vékem srnce obecného. Ddle pak zjiSténi vlivu vnéjSich Cinitelli na vyvoj
prasete divokého sledovany pomoci kraniometrickych rozméri méfenych na
dolni ¢Celisti a hmotnosti jedince.

e Vyhodnoceni hmotnostnich parametrii jelena siky japonského a danka
evropského vzhledem k pohlavi a véku jedince. Srovndni hmotnostnich
parametril jednotlivych organti jelena siky japonského a danka evropského a
vyhodnoceni chemického sloZeni masa danka evropského.

Srovnani vybranych metod vyuzivanych v kraniometrii. Srovnani kraniometrickych
méfeni provadénych posuvnym métitkem a pomoci 3D zobrazovacich metod.

Definovani pfesnych metodickych postupli pro zjistovani kraniometrickych rozmért
pomoci vybranych 3D zobrazovacich metod — pouziti 3D scanneru a CT scanneru
Vv kraniometrii, pozadavky na pouZiti, zpisob aplikace, pfesnost méfeni, limity dané

technologie.
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3. Rozbor problematiky

3.1. Kraniometrie obecné
Kraniometrie je véda zabyvajici se méfenim lebek. Rozdily lebecnich rozmért

vnitrodruhové i mezidruhové jsou definovany jako interakce genetickych faktord a faktorQ
prostiedi (Kasai et al. 2018). Primarni technologii, pouzivanou v kraniometrii, je méfeni
rozmért pomoci posuvného méfitka (Anderson 1968). Mezi zakladni kraniometrické parametry
fadime délku a sitku lebky, objem mozkovny (neurokrania), délku nosnich kiistek (nasalii),
délku kosténého patra (palatinum), délku fady zubti, délka, vysku a sitku dolni Celisti a dalsi

rozméry na lebce 1 rozméry métené na parozi (Andéra and Horacek 2005).

3.1.1. Historicky vyvoj kraniometrie

Kraniometrie neboli kvantifikace a porovnavani tvaru (tvaru a velikosti) lidské lebky
patfila k ustfedni metodologii antropologie jiz od roku 1925. Historicky se kraniometrické
rozméry pouzivaly z velké Casti jako prostfedek k vytvareni a zdlivodnéni rasové klasifikace
(Gould, 1981). Zvlastni duraz byl kladen na zkoumani lebky (na rozdil od jinych oblasti kostry),
vzhledem k jeji souvislosti s ristem mozku a ptevladajicimu predpokladu, Ze velikost mozku
souvisi s poznavanim a inteligenci. Je moZné zminit také rozdil mezi kraniometrii a popularni
pseudovédou devatenactého stoleti "frenologii", ktera prosazovala, Ze vnéj$i rysy lebky odrazeji
vrozené vlastnosti Clov€ka, jako jsou nadani, schopnosti a osobnost. Klasickym ptikladem
pocatki kraniometrie je lebecni index, ktery definoval §védsky anatom Anders Retzius (1796-
1860). Lebecni index je kvantifikovan jako podil maximalni Sitky lebky a maximalni délky
lebky, vyjadieny v procentech. Tento pomér je stale Siroce rozSifen a pouzivan v bio
antropologii a bio archeologii, dnes jako prostfedek k urCovani, zda jsou lebky relativné
doliocefalické (tj. dlouha lebka v porovnani s Sitkou) nebo brachycefalické (tj. kratké v
porovnani s sitkou) (Cramon-Taubadel, 2018; Lewis, 1995). Pod vedenim Paula Brocy (1824-
1880) se francouzskéd kraniometricka Skola snazila klast diiraz na vytvofeni konzistentnich
prostfedkli pro kvantifikaci kranidlniho tvaru a podrobné popsala "body de repére" (body
korespondence), které mohou byt detekovany na vnéjSim povrchu lebky. Broca pojmenoval
tyto body jako landmarks (orientaéni body) a nazev byl dale rozsiten jeho spolupracovniky. V
roce 1937 americky antropolog William W. Howells (1908-2005) revidoval definice
kraniometrickych orientacnich bodii v jejich tehdejSim znéni a identifikoval nékolik rGznych
"Skol" kraniometrie. Némecky anatom Rudolf Martin (1864-1925) rozsifil a pozménil von
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Torokav seznam, zatimco v USA byli hlavnimi autory kraniometrie Ale§ Hrdlicka (1869-1943)
a Harris Hawthorne Wilder (1864-1928) (Cramon-Taubadel, 2018).Ve Velké Britanii byla tato
véda do velké miry fizena laboratoii Galton na université College London, ktera se dusledné
drzela méticiho schématu stanoveného Frankfurtskou dohodou. Frankfurtska dohoda byla
pokusem o standardizaci kraniometrickych schémat, k némuz doslo béhem 13. generalni
konference ve Francii, v ramci kongresu Némecké antropologické spole¢nosti konaném v srpnu
1882 ve Frankfurtu nad Mohanem. Kone¢na verze dohody byla zvefejnéna v roce 1885 v
Archiv fiir Anthropologie. Jeden z hlavnich vysledka této dohody byl standardni zptsob
orientace lebky pfi méfeni pomoci roviny vedené od zakladny obou oc¢nic k vrcholu vnéjsiho
usniho otvoru. Tato rovina, znama jako frankfurtska horizontala se dodnes je bézn¢ pouzivana
(Garson, 1884; Hernandez-Alfaro, F., Giralt-Hernando, M., Brabyn, P.J., Haas, O.L., Valls-
Ontanon, 2021; Lewis, 1995). Zatimco Frankfurtska dohoda byla do jist¢é miry krokem ke
standardizaci, velké rozdily v kraniometrické metodice stale pretrvavali a byl tedy svolan dalsi
kongres, tentokrat v Monaku roku 1906 s cilem vytvoieni spole¢ného kraniometrického
schématu, ktery by se dockal Sirokého mezinarodniho uznani. Kongres piinesl pouze ¢astecny
uspéch, presto Rudolf Martin (1914) a Williama Howellse (1973), vytvofili standardizované
schéma s doprovodnym podrobnym popisem, jak by mély byt udaje pofizovany v praxi.
William Howells stanovil jasné pokyny pro ur€ovani orienta¢nich boda (landmarks) a jak by

se m¢la provadét méteni (Cramon-Taubadel, 2018).

"Tradi¢ni" kraniometrie se tedy zabyva kvantifikaci a analyzou linearniho méfeni (t;.
vzdalenosti mezi dvéma body na lebce), tihly sviranymi mezi tfemi body na lebce a poméry
linearnich méteni. (viz také teorie méfeni). Typicky se tato tradi¢ni kraniometrickd méteni
provadéji pomoci rozmanitych ru¢nich posuvnych meéftitek navrZzenych tak, aby umoziovala

pristup k riznym ¢astem lebky (Carson, 2006; Walker, 1975).
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3.1.2. Kraniometrie voln¢ Zijicich zvifat

Kraniometricka méfeni provazeji nejen ¢lovéka, ale jsou standardem pro téméi celou
zivoci$nou fiSi. Vzhledem k dostupnosti materialu patii k nejhojnéji studovanym druhlim
obratlovcu zastupci z fad hlodavct. Lebecni rozméry byly zkoumany naptiklad u rejski
(Denhel 1949), hrabosu (Lissovsky and Obolenskaya 2010; Wasilewski 1954), mysi (Abdel-
Rahman et al. 2009; Balc¢iauskas, Bal¢iauskiene, and Juskaitis 2018; Csanady, Mosansky, and
Stanko 2018; Voss, Marcus, and Escalante 1990), krys (Quintela et al. 2014; Verheyen et al.
2003), ryposu (Chimimba et al. 2010), kiecka (Poplavskaya et al. 2018), kraliku (Abreu, Veeck,
and Costa 2006; Akbulut et al. 2014; Empel 1958; Falzon 2019; Giirbiiz, Demiraslan, and Aslan
2015; Kahvecioglu et al. 2000; Ozkadif and Eken 2016; Rizwan et al. 2021; Sharples, Fa, and
Bell 1996; Taylor et al. 1977), zajicti (MiloSevi¢-Zlatanovi¢ and Jovanovi¢ 2019; Pintur et al.
2014; Usende et al. 2017) ¢i ondater (Boyse 1978; Ruprecht 1974; Skyriené and Paulauskas
2014).

Castym zajmem V oblasti kraniometrie byvaji také Selmy, jako je lasice kol¢ava
(Mustela nivalis) a lasice hranostaj (Mustela erminea) (Pertoldi et al. 2006; Schmidt 1992),
lasice horska (Mustela altaica) (Puzachenko, Masuda, and Abramov 2019), norek americky
(Mustela vison) (Taraska, Sulik, and Lasota 2016), norek evropsky (Mustela lutreola)
(Korablev et al. 2014) ¢i tchot tmavy (Mustela putorius) (De Marinis, 1995; Koubek and
Smetanova, 2011). U jezevce lesniho (Meles meles) je na zakladé lebecnich rozmért Casto
popisovan pohlavni dimorfismus (Abramov and Puzachenko 2005; Butora et al. 2018; Hell and
Paule 1989; Johnson and Macdonald 2001; Liips and Roper 1988) a geografickd variabilita
(Abramov and Puzachenko 2013; Abramov, Puzachenko, and Wiig 2009; Lynch et al. 1997).
Pohlavni dimorfismus lebky je popsan také u rosomaka sibirského (Gulo gulo) (Wiig, 1989).

Liska obecna (Vulpes vulpes) je v kraniometrii taktéz velmi vyhledavanym druhem a
v tomto ohledu je velmi dobfe popsadn pohlavni dimorfismus, geografickd variabilita i
mezidruhové rozdily v ramcei rodu Vulpes (Gos’kov and Korytin 2016; Giirbiiz et al. 2021;
HadZiomerovi¢, GUndemir, and Kovaéevié 2022; Korablev et al. 2019; Kowalczyk et al. 2008;
Lynch 1995; Moselhy and Mahdy 2019; Onar, Belli, and Owen 2005; Rouclichova and Andéra
2007; Sasakawa 1984; Szuma 2008; Zaton-Dobrowolska et al. 2017). Z psovitych Selem
muzeme dale najit popisy lebek napiiklad u vlka obecného (Canis lupus) (Andersone and
Ozolin§ 2000; Okarma and Buchalczyk 1993), sakala obecného (Canis aureus) (Stoyanov
2012) a psika myvalovitého (Nyctereutes procyonoides).
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Z Selem je kraniometricky popsan také medvéd hnédy (Ursus arctos) (Chestin and
Mikeshina 2012; Farkas et al. 2009), kocka divoka (Stefen 2012) ¢&i rys ostrovid (Gal,
Bartosiewicz, and Kiss 2022).

Pomémé méné zastoupeny jsou kraniometrické studie u piezvykavci. K hojnéji
popsanym druhiim patii jelen evropsky (Cervus elaphus) (Batcheler and McLennan 1977; Loe
etal. 2003; Markov 2014; Mattioli and Ferretti 2014), jelen sika (Cervus nippon) (Bartos 1981;
Hayden, Lynch, and O’Corry-Crowe 1994; Sheremetev and Sheremeteva 2010), kozorozec
ibersky (Capra pyreneica) (Fandos and Vigal 1993), kamzik horsky (Rupicapra rupicapra)
(Markov 2013), kabar pizmovy (Moschus moschiferus) (Prikhod’ko 2020) a los evropsky (Alces
alces) (Nemoikina et al. 2016).

V kraniometrii je velmi popularnim objektem sledovani nejen lebka, ale také dolni
Celist, jejichz studii se zabyvala fada autord (Cakir, Yildirim, and Ekim 2012; Cramon-
Taubadel 2018; Endo et al. 2002; F. B. Gribel et al. 2011; Meijaard 2004; Munkhzul, Reading,
and Buuveibaatar 2018; Pasicka et al. 2012). Velikost dolni ¢elisti je vhodnym indikatorem
vyvoje kostry. Osteometrie dolni celisti je povaZzovana za velmi uZiteCny prostiedek pro
management volné Zijici zvéte. Na druhou stranu, vyvoj mandibuly miiZze byt vyrazné ovlivnén
habitatovymi podminkami (Bertouille and Crombrugghe 1995; Vincent et al. 1995). Relativni
role faktorii zavisejicich a nezavislych na hustoté populace, na mife vitality a popula¢ni
dynamice jsou casto feSenymi tématy v ekologii. Soucasné vyzkumy ukazuji, Ze oba faktory
hraji svou roli a maji stejnou vahu v puisobeni napfi¢ populaci (Albon and Mitchell 1986; Loe
et al. 2003; Pérez-Espona, Pemberton, and Putman 2009; Rutten et al. 2020).
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3.2. Kraniometrickd, biometricka a odontologickd specifika vybranych
druht

3.2.1. Srnec obecny (Capreolus capreolus)

Srnec obecny (Capreolus capreolus) je znam jako jeden znejvice ekologicky
ptizptsobivych druhti z ¢eledi jelenovitych (Cerveny and Stastny 2015) a jeden z nejvice
geneticky variabilnich druht, ktery byl doposud studovan (Vach 1993). Velka biologicka
plasticita umoziiuje tomuto druhu osidlovat rlizné stanoviste, at’ uz lesni oblasti nebo polni
oteviené zemeéde€lské krajiny. Jedna se o nejhojnéjsi druh jelenovitého v Evropé. Mezi koncem
19.st a pocatkem 20.st byl jeho aredl v disledku nekontrolovaného lovu a lidské ¢innosti velmi
roztfistén. V 20.st se ale zacala populace opét zvySovat (Andersen, Duncan, and Linnell 1998).
Celkovy areal sméi zvéie pokryva 7,2 milionu km? Podetnost stfedoevropské populace se
odhaduje asi na 15 miliont jedincti (IUCN 2022). Vysoké stavy populace srnéi zvéie vSak

mohou zpusobit vazné Skody na lesnich porostech, muze dochéazet k Castym stietim

s dopravnimi prostiedky a také ke zvySenému vyskytu nemoci (Partl et al. 2002).

Odontologickeé parametry
Srnec obecny ma po narozeni mléény chrup (Kratochvil 1970), pii ¢emz vzorec tohoto

chrupu je 0.0.3/3.1.3 (Vach 1993). U srnce stale nachazime archaické brachyodontni premolary
a molary (Cerveny, Komarek, and Stérba 1999). Zhruba ve véku tii az &tyf mésict zadinaji riist
zuby trvalého chrupu — molar M1, na pfelomu patého a Sestého mésice molar M2. K vymeéné
fezakld dochazi v sedmém az osmém meésici a jako posledni, v jednom roce Zivota, vyrista
stolicka M3. Kompletni vyména mlé¢ného chrupu je ukoncena do patnactého mésice véku

zpravidla vyménou mlécného trojdilného premolaru p3 (Chirichella et al. 2021).

Opotiebeni chrupu je nejasnym znakem vedoucim k odhadu véku zvéie, protoze néktefi
jedinci vykazuji nespecifické znamky opotiebeni (Badr 2018; Lochman 1979). Dopliikové je
mozné sledovat zauhleni fezaki, s vy$§im vé€kem se opticky zmenSuje thel a fezaky se uzaviraji
smérem nahoru (Vach 1993). Vék je mozné urovat pievazné pomoci Mitchellovi metody, pfi
vybrusu prvniho molaru M1, ptipadné pouzit také druhy molar, pokud nejsou jednotlivé vrstvy
cementu na prvnim vybrusu dobie Citelné (Aitken 1975; Mitchell 2014; Richter et al. 2010),
vzhledem Kk velikosti zubu je aplikace Eidmanovi metody (vybrus I1) u srnéi zvéfe tézko
proveditelna (Badr 2018).
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Hmotnostni parametry
Pramérna hmotnost srnéi zvéte bez rozdila pohlavi a véku je kolem 35 kg (Cerveny and

Stastny 2015). Hmotnost vyvrzeného kusu s hlavou je v piipadé srnce 15,21 kg, v piipadé srny
14,92 kg. Hmotnost srnce je kolem Sestého mésice véku v priiméru 8,81 kg, ro¢ni jedinec vazi
12,49 kg. K hmotnostnimu narastu zdravého jedince dochazi cca do patého roku véku
s vrcholem primérné hmotnosti 17,15 kg, nasledné hmotnost klesa. Srny se projevuji nizsi
primérnou hmotnosti, u ro¢nich srn je primérnd hmotnost 12,39 kg, vrchol je stejné, jako u
srnce v patém roce zivota s hmotnosti 16,78 kg a s pfibyvajicim vékem dochazi k poklesu
(Vach 1993).

vey

Hustota populace miize ovliviiovat fyzickou kondici jedince. U srnéat Zzijicich
v populaci s vyssi hustotou byla zaznamenana o 20 % niz$i hmotnost nez v ptipad¢ srncat
zijicich v populaci s nizsi hustotou. V ptipadé dospé€lych srncti byla hmotnost niz§i pouze 0 6%,
u srn nebyl rozdil zaznamenan (Vincent et al. 1995). Tento trend byl zaznamenan také u jinych
jelenovitych (Albon and Mitchell 1986).

Kraniometrickeé parametry

Kostra hlavy srnce sestava z tylni kosti, kterd méa kaudalné tloustku 4,5 mm, rostralné
8,5 mm, prostorné ocnice, fontanely, pfi ¢emZ je zevni slzni jamka dobfe viditelnd. Dale
navazuje kost nosni a kost fezakova. Nosni kosti jsou ukonceny dvéma hroty. Horni celist
S jafmovymi oblouky a o€nicemi je vétsi nez u danci zvétre. Mezi kloubnimi tylnimi hrboly je
celkem prostorna Stérbina. Dale Kosténé patro, spankova Supinova ¢ast a bubinkova spankova

kost. Lebecni klenba mé obly hieben. Zevni tylni hrbol, stejné jako zevni tylni hieben jsou

velmi nevyrazné. Nema vyvinuty nosoelistni zafez (Cerveny et al. 1999).

Pravé srnec obecny je vhodny pro studium morfologickych zmén populaci zijicich
v odlisném prostredi (Fandos and Reig 1993). Lebecni morfologie byly pouzity ke zjisténi
vztahu mezi druhy, poddruhy, populacemi a ekotypy srnce obecného (Fandos and Reig 1993;
Onuk, Kabak, and Atalar 2013; Zejda and Koubek 1988). Biometrie lebky v populacich srnce
obecného je dobie znama, hlavné v Ceské republice a Slovenské republice, kde byly studie
srn¢i zvere Casté (Zejda and Koubek 1988). Kraniometrické hodnoty je mozné primarné

vyuzivat hlavné k zoologickému tfidéni (Hromas et al. 2008).

Mezi riznymi populacemi srnce obecného existuji rozdily v rozmérech lebky (Zejda
and Koubek 1988). Srnec ukazuje pozoruhodnou ekologickou a behavioralni prizpisobivost
(Danilkin 1995). Zejména se jedna o lesni druhy, které uspésné osidlovaly zeméd¢lské plochy

sttedni Evropy, coz ptfimélo nékteré autory uchylit se k rozlisSeni dvou ekotypt. V ramci polnich
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a lesnich oblasti existuji rizné ekotypy srn¢i zvéfe, vykazujici uritou miru fenotypové
variability a rozdily v socidlni organizaci a biologii (Fruzinski, Katuzinski, and Baksalary
1982). Aspekty morfologické variace u srnce mohou predstavovat vysledky zmén vyskytu
béhem adaptace V odlisSnych habitatech, pifipadné zmény zprostiedkované c¢lovékem
prostiednictvim lovu a managementu (Zejda and Koubek 1988). Ackoliv se morfologické rysy
1181 mezi polnimi a lesnimi oblastmi, (Fruzinski et al. 1982) je pravdépodobné, Ze rozdil mezi
témito fenotypy je zpusoben spise vlivem prostiedi nez genetickym zakladem (Andersen et al.
1998). Kraniometrické hodnoty u srn¢i zvéte (Hell and Herz 1971; Vach 1993) je mozné
sledovat vzhledem ke konkrétnim méfenym rozmérim na lebce ve vztahu K populaci srnci
zveéie, tedy hledani variability riznych druhti a poddruhtt (Hromas 2007). Lebe¢ni miry mohou

ovliviiovat mimo jiné kvalitu parozi u srn¢i zvéfe (Hell and Herz 1971).

Dolni Celist je povazovana za index kvality prostiedi u fady druht jelenovitych
(Danilkin 1995). Délka dolni ¢elisti u srn¢i zvéfe se pohybuje v rozmezi od 142 mm do 164
mm (Andéra and Horacek 2005). U srnct ve véku do 3 let véku je riist nejrychlejsi, poté

dochazi k jeho ustaleni a pozdé&ji asi kolem 7 let véku dochazi k zastaveni rastu (Vach 1993).

Celkova dé¢lka lebky a celkova Sitka lebky srnce obecného by neméla klesnout pod 20
cm, nebylo-li téchto hodnot dosazeno, je vhodné snizit popula¢ni hustotu zvéfe a zlepsit vyzivu
(Hell 1979). Nejvyssi mira rustu lebky je v obdobi mezi 11-39 mésicem, a to u narastu délky
lebky v oblasti splachnocrania a intenzivniho ristu dolni Celisti. V tomto obdobi se projevuje
nizka intenzita ristu nosni kosti a ristu patra, avsak nejmensi ptirtsty v této dobé vykazuje
neurocranium. V obdobi mezi 23 a 27 mésicem klesa délka horni a dolni fady zubl ziejmé
zpusobena obruSovanim zubnich korunek. Ve 3 letech dochazi ke stagnaci ristu lebky, ale je
pozorovan ndrast primérnych hodnot u rozméri Sifek, konkrétné¢ u biorbitalni Sitky,
postorbitalni Sifky, interorbitdlni Sitky lebky a maximdlni $itky neurocrania, které jsou
pravdépodobné spjaty s vyvojem parozi (Hrabé and Koubek 1991). Do patého roku véku
vykazuje dolni Celist srn rychly nérGst, naopak po osmém roce Zivota dochazi ke sniZeni

hodnoty délky &elisti. (Dvoiak, Kamler, and Sarman 2002).
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3.2.2. Prase divoké (Sus scrofa)

Prase divoké (Sus scrofa) je jednim znejvice prizpusobivych druht a navzdory
nékterym nepfiznivym vlivim populace neustale nardsta (Mcclure et al. 2015). Management
prasete divokého je nezbytny, nebot’ v mnoha castech svéta se tento druh stal Skodlivym,
zejména pak svym vlivem na zeméd¢lstvi. V fadé evropskych zemi nartistala popula¢ni hustota
prevazné v posledni dekadé (Bieber and Ruf 2005; Feichtner and Bonndorf-Glashiitte 1998;
Neet 1995; Saez-Royuela and Telleria 1986). Narust populace vedl ke Skodam na zemédélskych
plodinach a zpuisoboval problémy v méstskych oblastech (Geisser 1998). Vzrustajici populaéni
hustota souvisi nejen s vy$simi Skodami na plodinach (Ha and Shim 2021; Rutten et al. 2016,
2021; Dexter 2015; Kern et al. 1999; Meng, Lindsay, and Sriranganathan 2009) a mimo jiné
ovlivnit stavy ohrozenych druhd ptaka a rostlin (Briedermann 1986). Pravé tyto problémy
kladou diiraz na potiebu efektivni regulace. Vzhledem k tomu, Ze potravni dostupnost vyrazné
zvysuje piirusty v populaci (Feichtner and Bonndorf-Glashiitte 1998; Okarma and Jedrzejewski
1995) mélo by byt pfikrmovani a vnadéni zakazano. Piikrmovani je béznou zalezitosti v mnoha
Castech Evropy, zvlasté pak pro ucely ochrany zemédélskych plodin (Drimaj, Forestry, and
Technology 2021; Geisser 1998; Herrero et al. 2006; Oja, Kaasik, and Valdmann 2014; Oja,
Velstrom, and Moks 2017; Thurfjell, Spong, and Ericsson 2013). Pfestoze bylo prokazano, Ze
Skody na plodinach pozitivné koreluji s mnozstvim vnadist’ v oblasti (Geisser 1998; Herrero et
al. 2006; Thurfjell et al. 2013), od zemédélskych plodin rozptyli prasata pouze piechodné a
dlouhodobé zpusobuji populaéni rast (Thurfjell et al. 2013).

Odontologické parametry
Vyvoj chrupu u prasete divokého neni pfili§ rozdilny, jedna-li se o pohlavi. U prasete

divokého je mozné rozliSovat chrup mlé¢ny a chrup trvaly, ktery nese 44 zubl. Zubni vzorec
trvalého chrupu je 3143/3143 (Cerveny et al. 1999; Cerveny and Stastny 2015). Ukonéeni
vyvoje zubl u prasete divokého se odhaduje kolem 36 mésice veéku jedince, kdy dochazi
k profezavani posledniho sloupku molaru M3 (Zinoviev 2010). Tento molar se zacina
profezavat jiz ve véku 21-24 mésict (Wolf and Rakusan 1977). Znakem typickym pro prase
divoké jsou velké $pic¢aky, nazyvané mysliveckou mluvou zbrané. Tyto zuby maji neukonceny
rust, jelikoz jsou bez kofentt (Malmsten, Dalin, and Pettersson 2015). V horni ¢elisti nazyvame
mysliveckou mluvou tyto $picaky, jako klektaky, v dolni Celisti, jako paraky, u bachyné jsou
nazyvany haky a jsou vyrazné krat$i nez u samci (Cerveny and Stastny 2015). Diky bohatému

zasobovani krvi jsou $pi¢aky prasete divokého schopny rychleji a 1épe dortstat (Miles and
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Gringson 1990), dochazi vsak diky opotiebeni zubu ke ztraté skloviny a dentinu (tfeni horniho
a dolniho Spicaku pii pfijimani potravy). V piipadé neptfitomnosti horniho Spi¢éku se dolnimu
uvoliiuje prostor k ristu a mize dosahovat vétsi délky nez obvykle. Neptitomnost hornich
Spicakt miize zapiiCinit zranéni dolnim Spic¢akem a sniZeni pfijmu potravy, tedy i celkové
zhorsSeni télesné kondice jedince (U. Kierdorf et al. 2004; Uwe Kierdorf et al. 2004; Konjevic¢
et al. 2004; Magnell and Richard Carter and Magnell O. 2007; Miles and Gringson 1990).
jednom m¢ésici za¢ina profezavani fezakt i2 a premolaru pl a p2 (Anezaki 2009; Briedermann
1986; Magnell and Richard Carter and Magnell O. 2007; Matschke 1967). Rust chrupu je
ukoncen profezdnim posledniho moldru M3 a to ve veku 21-24 mésict, nékdy vSak muize
dochazet k ur¢itym odchylkam (Lochman 1979; Magnell and Richard Carter and Magnell O.
2007; Matschke 1967; Saezroyuela, Gomariz, and Telleria 1989). Vék u mladych jedinct je
mozné zjistovat také alternativnimi zpusoby, jako je naptiklad pocitani inkrementalnich linii
v zubnim cementu (Morris, 1972; Miles and Gringson, 1990).

Odhad véku prasete divokého lze provadét nékolika zplsoby. Jednou ze zdkladnich
metod je metoda zubni abraze, kterd poukazuje na postupné obrusovani korunek zubt vlivem
piijmu potravy. Abraze je v pfipadé prasete divokého dobte detekovatelna na fezacich. Prvni
viditelny obrus na I1 nastava ve véku kolem 24 mé&sicl. Druhy fezék nese znamky opotiebeni
az od 4 roku zivota. Obrus chrupu je taktéz zfetelny na premolarech a molarech (Briedermann
1986; Grant 1982; Lochman 1979; Wolf and RakuSan 1977). Dale je mozné vék odhadovat na
zékladé délky a tvaru Spicaki. Brandtiv index vychézi z poméru délky paraku, tedy dolniho
je veék také odhadovan na zakladé délky parakd, jejichz délka narusta s vékem (Wolf and
RakuSan 1977). Jako doplnujici faktor pfi odhadu v€ku mize byt pouzivana délka obrusné
plochy paraku (Lochman 1979), ¢i délka obrusné plochy klektakt (Lochman 1979; Wolf and
Rakusan 1977). Dubova metoda je zaloZena na porovnavani pozice lebky, konkrétné licniho
hrbolu vii¢i poslednimu moléru, stejné€ jako predchozi metody by méla byt pouzivana spise jako

doplnkova (Saez-Royuela and Telleria 1986).

Spolehlivymi metodami pro urCeni véku jedince jsou pouze laboratorni metody,
nejcastéji zalozené na pocitani vrstev ndhradniho cementu. K nejptfesnéj$im metodam je fazena
Mitchellova metoda (Aitken 1975). Primarné dochazi k rozfiznuti prvniho molaru M1 radialné,
tak aby bylo mozné detekovat cementové vrstvy mezi kofeny. Rozeznavame pasy cementocytti

a tmavsi zony tvoiené amorfnim acelularnim materidlem. Cementogeneze probiha cely zivot a
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je vyraznéjsi v mistech, kde dochazi k nadmérné zatézi zubu ¢i poranéni. Prvni vrstvou na
povrchu kotfene je acelularni cement. Celularni cement se vytvaii az v disledku starnuti a je
slozen z lamel obsahujici lakuny s cementocyty (Nedorost et al. 2009).
Hmotnostni parametry

T¢lesnad kondice je métitkem energetickych zasob organismu propojujici individualni
kondici a Zivotni prostfedi (Markina, Saez- Royuela, and de Garnica 2004). U volné Zijicich
kopytnikl souvisi se stavem vyzivy, zdravim, reprodukéni vykonnosti a populac¢ni hustotou
(Albon and Mitchell 1986; Bender et al. 2008; Brunborg, Moldal, and Jonassen 2004; Huot et
al. 2009). Sledovani télesné kondice je tedy zakladnim nastrojem v managementu volné Zijicich
zivo¢ichu, ktery umoziuje posoudit vykonnost populace a piipadné moznost odhalit

nerovnovahu dfive, neZ nastanou zavazné problémy (Mattiello et al. 2016; Morellet et al. 2007).

Hmotnost je jednim z ukazatelll télesné vitality, a mize tak poskytnout informace o
stavu jedince, celé populace a jejim vyvoji (Sprem et al. 2011). Hmotnost je také jednim z
limitujicich faktori pro zabfeznuti mladych samic, obvykle se uvadi prahova hmotnost prasete
divokého 25-30 kg (Drimaj et al. 2021; Ferda, Novak, and Kreuzberg 2002; Gamelon et al.
2017; Gethoffer and Sodeikat 2007; Keuling et al. 2017; Sabrina et al. 2009).

Vysledna hmotnost jedince se tedy odviji od potravni nabidky a koresponduje s vékem
a vétSinou také pohlavim jedince. Prase divoké miize dosdhnout hmotnosti 200 kg, ve vychodni

Evropé az 350 kg (Cerveny and Stastny 2015).

Divoka prasata se rodi s hmotnosti pfiblizn¢ 900 gramt (rozmezi 494 az 1620), coz
piedstavuje 0,9 % jejich dospelé télesné hmotnosti. Selata v rstu pfibyvaji na vaze v rozmezi
0,001 kg az 0,26 kg denng, pfi¢emz primérna rychlost nardstu hmotnosti se zvySuje s vékem

(Baubet 2020; Mcllroy 1989; Pavlov 1980; Pine and Gerdes 1973).

S nartstajicim v€kem dochazi k hmotnostnimu pfirGstu, ktery je v pfipadé¢ samic
konzistentni a mirn¢ rychlejsi nez u samct, ktefi ale vykazuji vyssi absolutni pfiriistek
hmotnosti nez samice stejného v€ku. Samci jsou piiblizné 1,2 az 1,4krat v&tsi neZ samice a
tento rozdil se obvykle stava vyraznym v druhém roce Zivota. Rist t€lesné hmotnosti pokracuje
pfiblizné do patého roku Zivota, s piibyvajicim vékem nasledn€ dochazi ke sniZeni hmotnosti

(Gaillard et al. 1992).

Hmotnost mladych jedincti (7-12 mésict véku) v Ceské republice je primérné 30,8 kg
(Hell and Paule 1989), u jedincii ze Svycarska se jedna pramémé o 24,6 kg (Moretti 1995),
v Némecku pak 30,5 kg (Stubbe, Stubbe, and Stubbe 1980) a 25,1 kg (Briedermann 1986),
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v Polsku 24,9 kg (Milkowski and Wojcik 1984) a v Italii 25,1 kg (Pedone et al. 1995). V ptipadé
prasat ve véku od 13Do 24 mésict, tedy loncaki mizeme napii¢ Evropou zminit nasledujici
tidaje — v Ceské republice dosahuji primémé 64,9 kg (Hell and Paule 1983), ve Svycarsku 53
kg (Moretti 1995), v Némecku 50,8 kg (Stubbe et al. 1980) a 52,9 kg (Briedermann 1986),
v Polsku 37,5 kg (Milkowski and Wojcik 1984) a v Italii 47,6 kg (Pedone et al. 1995). U
dospélych jedinct, stardich dvou let byly zaznamenany nasledujici hodnoty — v Ceské republice
byla primérnd hmotnost u samctu 103,8 kg, u samic 84,2 kg (Hell and Paule 1983), ve
Svycarsku byla primérnd hmotnost samcti 87,2 kg a u samic 66,3 kg (Moretti 1995),
vV Némecku byla primérnd hmotnost samcti 88kg a 70,7 kg a u samic 58,1 kg a 65,9 kg
(Briedermann 1986; Stubbe et al. 1980), samci z Polska vazili praimérné 64,6 kg a samice 57,8
kg (Milkowski and Wojcik 1984) a v Italii 65,7 kg u samct a 52,5 kg u samic (Pedone et al.
1995).

V ptipad¢ souhrnnych hodnot pro celou Evropu miizeme uvést nasledujici hmotnostni
parametry: samci do 12 mésict pramérné vazi 25,3 kg, samice 30,3 kg. Jedinci od 12 mésict
do dvou let vazi v piipadé samct pramérné 53,4 kg a v piipadé samic 56,1 kg. U dospélych
samct nad dva roky véku je primérna hmotnost 79,3 kg a u samic 67,6 kg. U dospélych jedincti
bez specifikace pohlavi je primérna hmotnost 65 kg (Pascual-Rico, Acevedo and Apollonio,
2022).

Kraniometrické parametry prasete divokéeho
Prase divoké disponuje lebkou klinovitého tvaru, pro kterou jsou typické nejen

oteviené ocCnice, ale také sagitalni hieben, pfi cemz kosti 1 svaly zatyli méa vyvinuty mnohem
1épe nez prase domaci (Wolf and Rakusan 1977). Oproti praseti domacimu je lebka vyrazné
delsi, ptevazné pak v oblasti ¢elni kosti doslo u prasete domaciho ke zkraceni (Adametz 1925;
Andéra and Horagek 2005; Cerveny et al. 1999). Kaudalni faseta lebky divokych prasat je
naklonéna dozadu, zatimco u prasat doméacich je vertikalni (Knazev a Tihonov 1985). Slzna
kost je povazovana za jeden z nejspolehlivéjSich indikdtorti pro rozliSeni rtiznych druht
divokych prasat (Genov, 1999). Vyska lebky tvofi asi 53 % jeji délky. Kompaktni vysoka
lebka je morfologickou zvlastnosti, ktera se projevila v disledku domestikace (Doychev,
Raychev, and Kostov 2012).

Objem lebky samce prasete divokého ve véku dvou let (ukonéeni riistu chrupu) je 155cmd,
u samic pak 147,88 cm?, v ptipadé prasete domaciho 198,5 cm? u samcii a 178,7 cm® u samic

coz poukazuje na projev sexualniho dimorfismu a rozdilnost mezi divokou a domestikovanou

formou (Brudnicki 2005; Haber 1969).
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Rozsahly geograficky aredl, ktery populace divokych prasat obyvaji, se odrazi také
velkou morfologickou variabilitou, ktera je pro tento druh charakteristicka (Albarella,
Dobney, and Rowley-Conwy 2009). Kranialni charakteristiky, zejména velikost a tvar lebek,
jsou poukazovany jako jeden z nejlepSich zpusobu klasifikace obratlovci (Mayer and
Brisbin 2008). Rada studii se zabyvala analyzou t&la a lebky prasete divokého (Barrett 1982;
Endo et al. 2002; Hell and Paule 1983; Henry and Conley 1972; Lucchini et al. 2005;
Markina et al. 2004; Mayer and Brisbin 2009; Nichols 1962).

Kraniofacialni modifikace jsou ¢asto pouzivany jako ukazatel rozdilu mezi divokymi
a domestikovanymi druhy (Dobney et al. 2002; Kleisner and Stella 2009; Wilkins,
Wrangham, and Tecumseh Fitch 2014). Dale Ize zminit studie zabyvajici se postkranialnimi
strukturami (Harbers et al. 2020; Morimoto, De Le6n, and Zollikofer 2011).

Celozivotni rust jedince prasete divokého v zajeti ovliviiuje lebku a zvykaci svaly. Z
hlediska velikosti se zvétSuje pouze dolni Celist. Tento rozdil je potencidlné vysvétlitelny
mnozstvim funkci, které musi lebka plnit, coz ovliviji jeji vyvoj (Neaux et al. 2021). Dolni
Celist oproti tomu plni mén¢ funkci a jeji morfologie je t€snéji spojena s potravnim chovanim
(Anderson, Renaud, and Rayfield 2014; Daegling and McGraw 2007; Taylor 2006).

Kraniometrickd meéfeni v mnoha pifipadech detekuji geografické rozdily mezi

populacemi téhoz druhu (Albarella et al. 2009; Doychev et al. 2012; Geisser and Reyer 2005;
Igbal et al. 2020; Papakosta et al. 2018; Randi, Apollonio, and Toso 1989). Morfologické znaky
jednotlivych populaci a podruhii prasete divokého jsou dobfe zpracovany (Briedermann 1986;
Gallo Orsi et al. 1995; Stubbe et al. 1980).

Zakladnimi znaky, které mohou poukazovat na uréeni poddruht prasete divokého, jsou
naptiklad narist velikosti jedince a relativni délky lebky ve sméru na sever a vychod, na zapadg,
stejné jako u ostrovnich forem dochazi k poklesu velikosti jedinct (Briedermann 1986).
Z pocatku se zdalo, Ze bude mozné na zakladé tvaru slzné kosti rozliSovat mongolska prasata a
prasata vyskytujici se dale na vychod (Phillipchenko 1933), tato domnénka byla vSak vyvracena
na zaklade¢ studie o transgresivnim typu variace kraniometrickych parametrti (Adlerberg 1930).
Na zakladé téchto poznatkli existuje moznost klasifikace poddruhii, zaloZzena na

kraniometrickych funkcich(Doychev et al. 2012; Genov 1999).

Osteometrické znaky japonskych divokych prasat poukazuji na rozdily mezi populacemi

ey

Zijicimi na pevnin¢ a na ostrovech (Endo et al. 2002; Endo, Kurohmaru, and Hayashi 1994).
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3.2.3. Jelena sika (Cervus nippon)

Jelen sika (Cervus nippon) je v Ceské republice nepiivodni druh jelena stfedni velikosti
(Cerveny and Stastny 2015). Sviij ptivod mé v Japonsku, Koreji, jihovychodni Sibifi, vychodni
Cing, na Tchaj-wanu a pravdépodobné ve Vietnamu. Byl hojné introdukovan v priibéhu 19. a
20. stoleti a v soucasnosti se vyskytuje na Britskych ostrovech, kontinentalni Evropé (od
Francie po zapadni Rusko), Novém Zélandu a v USA (Biedrzycka, Solarz, and Okarma 2012;
McCullough, Takatsuki, and Kaji 2009). Jelenoviti patii historicky k nej¢astéji introdukovanym
druhim kopytnikt viibec (Spear and Chown 2009). Jelen sika se v evropském méfitku stal
Z pohledu introdukce velmi uspé$nym druhem (Biedrzycka et al. 2012; Mcdevitt et al. 2009;
Pérez-Espona et al. 2009). Svym popula¢nim naristem se zatadil mezi 10 invazivnich druht
S nejveétsim negativnim dopadem na evropskou krajinu (Gallardo 2014). Vzhledem k velkym
pocetnim staviim naruista negativni vliv také v lesnictvi a zeméd¢lstvi (Pérez-Espona et al.
2009). Nemalym problémem tohoto druhu je jeho schopnost kfiZeni se s ptivodnim jelenem
evropskym (Cervus elaphus), diky ¢emuz dochazi k netizené hybridizaci (Baranc¢ekova et al.
2012; Mcdevitt et al. 2009; Smith et al. 2014; Spear and Chown 2009).

Odontologické parametry
Po narozeni ma kolouch jelena siky vyvinuté pouze fezéky il, i2 a i3 a Spicaky c, které

maji u jelenovitych obdobnou funkci, jako fezaky. Celkem se jedna tedy o 10 zubli, vzorec
chrupu je 010/310. Stejné jako u jelena evropského jsou premolary po narozeni jiz v ddsni a
ve Ctvrtém meésici je mlécny chrup Gplny — 013/313. Trvaly chrup ma 34 zubti, zubni vzorec

je 0133/3133. V horni Celisti se vyskytuji §pi¢aky, mysliveckou mluvou kelce (Badr 2018).

Hmotnostni parametry
Zavleceni tohoto druhu do neptivodniho stanovi§t¢ miize v ramci adaptace na nové

prostiedi zménit jeho hmotnostni parametry (Jones et al. 2008). Délka tcla jelena siky se
pohybuje kolem 145 c¢m, kohoutkova vyska 95 cm a praimérna hmotnost 55 kg (Cerveny and
Stastny 2015)

Pokud bychom se podivali na oblast Bouzovsko, kterd patii mezi byvalé oblasti chovu
jelena siky, primérnd hmotnost u koloucha je 15,3 kg, u lani 26,4 kg, jeleni do 4 let vazi v
pruméru 39,1 kg a primérnd hmotnost dospélych jelent je 42,7 kg. (Babicka et al. 1977). Jiné
zdroje uvadeji, ze samci kolousi vazili 15,1 kg a samice 13,6 kg. Kolousi samice ve véku 1,5

roku vazili 20,9 kg, jedinci ve véku 2-4 let vazili 23,8 kg a lan¢ starsi 4 let vazili 26,4 kg.
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Primérnd hmotnost Spi¢akt byla 28,1 kg, jeleni starsi dvou let méli primérnou hmotnost 35,2
kg, ve tfech letech 39,7 kg, ve ctyfech letech 42,3 kg, do 8 let veku 45,1 kg a jeleni starsi 8 let
45,1 kg. 8 let vazili 50,7 kg (Husak, Wolf, and Lochman 1986).

Hmotnost ¢erstvé narozenych koloucht se pohybuje v rozmezi 4,7-7 kg (Jifik, Andéra,
and Mottl 1980; Uchida et al. 2001). Populace jelena siky v okrese Plzen sever (vyvrzeny kus
bez hlavy a béhil) vykazuje primérnou hmotnost u kolouchi 15,7 kg, dospéla lan 23 kg, lan ve
4 letech 24 kg a lan starsi 4 let 28 kg. Hmotnost jelent starSich osmi let byla 42,7 kg (Husak et
al. 1986).

Kromé¢ toho je vzhledem k trofejovému lovu také velmi dualezité znat hmotnost hlavy
samce jelena siky s parozim. Télesnd hmotnost mize byt ovlivnéna mimo jiné mineralnim
slozenim parozi, jako tomu je u iberského jelena ve Spanélsku (Landete-Castillejos, Garcia,
and Gallego 2007). Hmotnost hlavy s parozim ¢ini 3,4 kg, coZ je 6,6 % z celkové hmotnosti
t€la hmotnosti (Husék et al. 1986).

Je také dulezité pochopit rozdil mezi hmotnosti Zivého jedince a hmotnosti jedince po
vyvrzeni pro produkci a zpracovani masa (Rajsky, Rajsky, and Minarik 2013). Primérna
hmotnost nevyvrZzeného koloucha je 26,4 kg, vyvrzeny kolouch primérné vazi 17,5 kg, coz je

66,2 % ptivodni hmotnosti (Husék et al. 1986).

V piipadé kolouchti dochazi k ubytku hmotnosti o 28 %, vyvrzené télo vazi 72 %
pivodni hmotnosti. Hmotnost vyvrZzeného téla bez hlavy byla 65 % Zivé hmotnosti kolouchti
bez ohledu na pohlavi, u lani a jeleni 69 % plivodni hmotnosti. Lané v zimnim obdobi mé&ly
70,2 % hmotnosti po vyvrzeni, v letni sezon¢ se jednalo o 64,5 % z celkové hmotnosti

(Feldhamer, Stauffer, and Chapman 1985; Husdk et al. 1986).
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3.2.4. Dangk evropsky (Dama dama)

V soucasnosti patii dan€k evropsky (Dama dama) k jednomu z nejrozsitenéjSich druhti

jelenovitych na svété (Chapman and Chapman 1980; Sykes, Carden, and Harris 2011).

Odontologické parametry
Danék se rodi, stejné jako srnec obecny, s 20 zuby, tedy s kompletnim mléénym

chrupem — 6 tfezaku, 2 $picaky, kratce po narozeni vyrista 12 premolart. Vzorec mlécného

chrupu je 003/313. Vyména chrupu byva ukonéena v 2,5 roce jedince (Lochman 1979).
Hmotnost samice je jednim ze zékladnich faktort, ktery ovliviiuje hmotnost dancete

pfed zimou a nasledné také mozné preziti zimy a budouci kondici (Birgerason and Ekvah

1997).

Hmotnostni parametry
Hmotnost dankd vykazuje pohlavni dimorfismus stejné, jako je tomu u mnoha

kopytnikii (Jarman 1983; Loison et al. 1999; Weckerly 1998). Ziva hmotnost dosp&lého daika
se pohybuje od 40 kg do 94 kg (Bothma 2014). Hmotnost dankt krmenych dopliikovym
krmivem o davce 500 g krmiva/jedinec/den se pohybuje kolem 50 kg, zatim co u
nedokrmovanych dankd je to pouze kolem 45 kg (Volpelli, Valusso, and Piasentier 2002).

SlozZeni masa
Zvétina se vyznacuje celou fadou pozitivnich vlastnosti (Hoffman and Wiklund 2006;

Morgante et al. 2003; Polak, Rajar, and Gasperlin 2008; Wiklund et al. 2003). Lze ji ziskat
Z voln¢ zijicich i farmové chovanych zvitat (Hoffman and Wiklund 2006; Ramanzin et al.
2016). Kvalita jate¢n¢ upravenych tél zvéie ve farmovych chovech je ovlivnéna vyzivou
(Morgante et al. 2003; Volpelli et al. 2002), zptisobem porazky (Jago, Harcourt, and Matthews
1997; Pollard et al. 2002) ¢i vyvrzenim a bouranim (Mulley et al. 1996).

Z hlediska kvality masa je u vétSiny druhti zvéte obsah intramuskularniho tuku (IMF)
nizsi nez 3 % (Hoffman 2000; Onyango, lzumimoto, and Kutimaa 1998). Maso vétSinou
obsahuje 70-75 % vody, 18-22 % bilkovin, 2-3 % tuku, 1-1,5 % mineralnich latek, 0,9-1,0 %
extraktivnich nedusikatych latek a 1,7 % extraktivnich dusikatych latek. K dosazeni
pozadované chuti masa, je obsah 1-2 % IMF dostateny. Zv¢ftina je spotiebiteli Zadana kvili
jeji specifické chuti a ptiznivému slozeni zivin (Hoffman and Wiklund 2006). Vysoky obsah
bilkovin a vitamint (Purchas, Triumf, and Egelandsdal 2010; Sampels, Wiklund, and Pickova
2006) a nizky obsah dihydrogenfosfore¢nanu draselného (Morgante et al. 2003; Polak et al.

2008) ¢ini zvéfinu atraktivni potravinou.
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3.3.  Metody zjistovani morfologickych veli¢in

Pro tcely kraniometrickych méfeni byly a jsou do dnesni doby pouzivany jednoduché
piistroje, jako jsou kraniometry, thloméry a nejCastéji analogova a digitalni posuvna méfitka.
Meéiidla se v zakladu déli na dotykova, posuvna, koordinatni, pasova, uhlova, odmérné valce a
dalsi. Linedrni rozmeéry lze délit na ptimé a projek¢ni. K absolutnim mirdm jsou pak déle fazeny
obvody a oblouky, uhly a objemy. Relativni miry zahrnuji indexy vychazejici ze vzajemného

poméru uréitych mér (Cramon-Taubadel 2018).

3.3.1. Posuvna méritka

Posuvné meéftitko slouzi k méfeni vzdalenosti mezi dvéma body. Slangové je Casto
nazyvano jako ,.Suplera®. Méfitko je tvofeno pevnou a posuvnou casti. V rdmci pevné ¢asti

nachazime jednotky v mm piipadné palcich.

Po pocatcich kraniometrie, kdy byla méfeni provadéna pouze analogovymi piistroji
ptislo digitalni posuvné meéfitko, jako novy elektronicky pfistroj uréeny k prfesnému méieni
pfedmétl v rozsahu 0,1 mm az 1,0 m. Nej€astéji pouzivanou kombinaci bylo méfitko sloZené
ze samotného posuvného méftitka a digitalniho voltmetru — tiskarny, ke kterému bylo méfitko

piipojeno ohebnym kabelem (Cable and Richard 2014).

Méteni pomoci digitalnich kaliperii je jednoduché, ptivod pouziti téchto méfitek je
zakotfenén v medicing. S jejich pomoci byla vyhodnocovana koronarni onemocnéni (koronarni
arteriogramy), fada odontologickych parametrt ¢i mira podkozniho tuku (Green, 1937; Balkin
and Zion, 1992; Uehata et al., 1993).

3.3.2. Morfometrie a geometricka morfometrie

Dalsi vyvoj kraniometrickych méfeni sméfoval k morfometrii a pozdé¢ji geometrické

morfometrii.

Morfometrie je definovéna jako studie variace tvaru a kovariance S dal§imi proménnymi
(Bookstein 1991; Dryden and Mardia 1998). Tradi¢ni morfometrie principialné sestava
z vyuziti linearniho méfeni, jako délka, hloubka nebo Sitka. Geometrickd morfometrie je
charakterizovana jako nelinearni méfeni, tedy metoda zalozena na orienta¢nich bodech (Baab,
Mcnulty, and Rohlf 2012), diky ¢emuz dovoluje odhadnout tvar organismu. "Morfometrie” se

pouziva pro oznaceni fady obord, které studuji méfeni organismu. Tvar biologickych organismt

30



je studovan pomoci souiadnicovych bodli ve dvou nebo tfech rozmérech. Orientacni body
(landmarks) jsou specifické body na organismu, které smyslupIné odpovidaji studované formé,
jsou homologni; zatimco obrysové body nesdileji tento pojem homologie (Bookstein, Green,
and Arbor 1993).

Piiméa 1 nepfimd porovnani mezi tradiéni a geometrickou morfometrii ukézala jiz
nekolikrat vyhody a pokrokovy ptistup. Pti studiu stejnych dat pfinasi geometrickd morfometrie

lepsi kvantifikaci a vizualizaci rozdil mezi populacemi (Maderbacher et al. 2008).

Pocatky geometrické morfometrie je mozné fadit k prelomu 80 a 90 let 20.st. V této
dobé se zacala tato oblast rozvijet a ukdzala se byt pouZzitelnou metodou S rychlym vyvojem
(Bookstein 1991; Rohlf and Marcus 1993). Z po¢atku metoda vykazovala jista technicka tskali,
ktera se mnoho autori snazila vyfesit zavedenim pevného technologického postupu (Rohlf
1998).

Metoda analyzy obrysu
Metody obryst byly prvnimi geometricky morfometrickymi metodami, které¢ se zacaly

pouzivat. Zatimco ohranicujici hranu struktury nebo oblasti 1ze povazovat za homologickou
napfic¢ vzorky, body shroméazdéné pro odbér vzorki takovych kiivek nemaji tak jasnou shodu.
PouZzivany ptistup spociva v digitalizaci bodl podél obrysu, fitovani bodi matematickou funkci
(obvykle n&jakou formou Fourierovy analyzy) a néasledném porovnani kiivek pomoci
koeficientt funkci jako tvarovych proménnych ve vicerozmérnych analyzach. Body v tomto
vicerozmérném prostoru parametril 1ze transformovat zpét na organismus a vizualizovat jako
obrysy. Protoze tento ptistup byl omezen na jednoduché obrysy, byly navrzeny dal$i metody,
jako je pouziti zmén thlu tecen v kazdém bodé€ podél obrysu nebo zpracovani souradnic boda
podél obrysu jako posloupnosti komplexnich ¢isel. VSechny tyto metody sice piinéasely
vysledek, problémem vsak bylo, Ze statistické analyzy zalozené na riiznych metodach davaly
rizné statistické vysledky a neexistovala Zadna dohodnuta teorie, kterd by vyzkumnikovi
umoznila zvolit nejlepsi pristup (Rohlf 1986).
Metoda analyzy orientacnich bodii (landmarks)

Metoda analyzy ,,landmarks® je zaloZena na shromazd’ovani dvourozmérnych nebo
trojrozmérnych soufadnic biologicky definovatelnych orienta¢nich bodl. Pfima analyza téchto
soufadnic jako proménnych by byla nevhodnd, protoZe se stdle projevuje vliv variability
polohy, orientace a rozméru daného objektu. Proto musi byt pfed analyzou téchto proménnych

matematicky odstranéna netvarova variabilita. Po odstranéni netvarové variability se z
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proménnych stanou tvarové proménné a lze je pouzit ke statistickému porovnani vzorkl a

vytvofit grafické znazornéni tvaru.

Metody superpozice odstranuji netvarovou variabilitu v konfiguracich orientacnich
bodl jejich prekryvanim podle urcitého optimaliza¢niho kritéria. Dvoubodova registrace
(Booksteinovy tvarové soutadnice) je obzvlasté jednoduchd metoda superpozice, ktera polozila
zéklad pro velkou cCast Booksteinova vyvoje teorie tvard na konci 80. let. Zobecnéna
Procrustova analyza provadi konfigurace orientacnich bodi pomoci odhadii nejmensich ¢tverca
pro parametry translace a rotace. Proces se opakuje, aby doslo k vypoctu stiedniho tvaru, ktery
je pred superpozici neocenitelny. Pokud je velkd Cast tvarové variability omezena pouze na
nékolik malo orientacnich bodi, 1ze k vizualizaci tohoto vzorce variability pouzit zobecnény

rezistentni model (Rohlf et al. 1990).

3.3.3. 3D scannery
Novou cestou pro zjistovani vyse zminénych veli¢in poskytuji moderni technologie

zalozené na digitalizaci objektu. V poslednich letech doslo k vyznamnému vyvoji technologii
digitalizace objektu, které jsou Casto vyuzivany napiiklad v archeologii (Counts, Averett, and
Garstki 2016; Haukaas and Hodgetts 2016; Porter, Roussel, and Soressi 2016). Zpocatku byla
fotogrammetrie pouzivana pievazné pro oblast geografie, a to zejména pro tzemni planovani,
geomorfologické analyzy ¢i kartografii (Nufiez, Buill, and Edo 2013; Sapirstein 2016;
Verhoeven et al. 2012; Yamafune, Torres, and Castro 2017). Diky rychlému vyvoji 3D
zobrazovaci technologie je geometrickd morfometrie Castéji aplikovadna i pro bio archeologicka
témata (Bouby et al. 2013; Evin et al. 2013; Newton et al. 2014; Pagnoux et al. 2015; Ros et al.
2014).

Automatizovand interpretace scény ¢i objektu je tématem velkého zdjmu prevazné ve
fotogrammetrii, dalkovém prizkumu Zemé (DPZ) a pocitatovém zobrazovani. Méteni 3D
tvarli, znamé také jako zobrazovani vzdalenosti a snimani hloubky, hraje dileZitou roli v mnoha
aplikacich. BéZné metody vSak neposkytuji dostatecné piesnd a ,,husta* méfeni pro spolehlivé
vytvoreni 3D rekonstrukce (Anbarjafari et al. 2017; Moeslund and Granum 2001; Tong et al.
2012; Zhang, Xiong, and Wu 2013). 3D skenovani vice objektl je ¢asoveé naro¢né a tim padem
je omezeno manualni praci. Nicméné vzhledem k tomu, Ze souvisejici techniky zpracovani se
neustale zdokonaluji, byla tato nevyhoda podstatné zmirnéna v oblasti zpracovani dat. Je tfeba
poznamenat, ze pokud ma objekt vyrazny a slozity povrch, je vhodné uptfednostiiovat

fotogrammetrické techniky.
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Télesné rozméry lze méfit riznymi zptisoby, napt., 1ze je ziskat ruéné pomoci tradi¢nich
nastrojl, napft. kalipery a svinovacimi metry (Sefercik et al. 2015), nebo automaticky pomoci
3D skenerd, kdy se rozméry urcuji ze ziskanych digitalnich dat. Aby byla zajiSténa
srovnatelnost i opakovatelnost, jsou méfeni téla standardizovana prostiednictvim definice

méficich poloh a té€lesnych orienta¢nich bodu (ISO and 20685-1 2018; ISO and 7250-1 2017).

Ackoli je manudlni méfeni zlatym standardem, nékolik zprav naznacuje, ze odborni
skeneri (Koepke et al. 2017; Kouchi and Mochimaru 2011; Loper et al. 2015). Dalsi vyhodou
pouzivani 3D skenerti oproti expertnim méfic¢im je rychlost méfeni (Lescay, Becerra, and
Gonzalez 2016). Cas automatického skenovani je Easto pouze nékolik sekund, maximalné viak
v priméru pill minuty. Ackoli prvni komeréni 3D télesné skenery pfisly v 90. letech 20. stoleti
(Daanen and Haar 2013), nedoslo K jejich béZznému zaclenéni do provozu nebot’ vyzadovaly
zaskoleny a odborny personal a rozsahly postprocesing (Olds and Honey 2006). V soucasnosti
je technologie skenovani vysp€la a je vykonnostné srovnatelna s lidskymi méfici, navic je
uzivatelsky pfivétiva a nevyzaduje dokonalou odbornou znalost pracovnika (Bogo et al. 2016;

Hasler et al. 2009; Zhang et al. 2017).

Existuji tfi béZzné pouZzivané technologie skenovani pro ziskavani dat o lidském téle-
pasivni stereoskopické snimani (PS), strukturované svétlo (SL) a snimani ¢asu letu (ToF). PS
vyuziva snimky z vice pohledi k rekonstrukei 3D povrchu téla pomoci principu triangulace (He
and Chen 2019), selhava v pfipadé nizké nebo zadné textury. SL rozSifuje PS pfistup
promitanim zndmych svételnych vzord, coz zmiriuje hlavni nevyhodu PS. V SL se 3D povrch
t€la rekonstruuje z deformaci promitaného svétla (Geng 2011). Pokud jde o SL, rozliSujeme
projekéni metody a metody zalozené na laseru. Pfi ToF se promita modulované svétlo na osobu
a 3D povrch téla je ziskan pfimo méfenim ¢asu cesty modulovaného svétla (Horaud, Hansard,

and Evangelidis 2016).

Proces snimani a digitalizace objektu se lis§i podle pouzitého pfistroje. Rychlost a
pfesnost snimani objektu z pravidla zavisi na jeho velikosti a sloZitosti, u pfiméfené slozitych
objekti se jedna o desitky skenti (Singh 2014), v nékterych piipadech, zvlasté u
komplikovanych objektt je k pfesnému nasnimani vyzadovano stovek snimka (Karaszewski,
Sitnik, and Bunsch 2012). Pfesnost skeneru je ovlivnéna optickym systémem, tvarem
snimané¢ho objektu, barvou a povrchem objektu, thlem sniméni a vzdalenosti od snimaného
objektu. Chyba, ktera pii digitalizaci objektu vznikd mtze byt systematicka, tedy opakovatelna
chyba méfeni, kterou lze snizovat pomoci matematickych modeli nebo chyba nahodna,
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vznikajici vétSinou diky vlastnostem povrchu a okolnimu Sumu (Vukasinovic et al. 2010).
Protoze 3D digitalizace je v dne$ni dob¢ stale popularnéjsi je snimana Siroka skala objektd pro
rizné ucely, takze pomér velikosti objektu k pracovnimu objemu skeneru muize byt velmi
odlisny (Karaszewski et al. 2012; Papadopoulos-Orfanos and Schmitt 1997). Pro budouci
pouziti je tieba aby 3D skenovani poskytovalo moznost vyuziti dané metody s vefejnym
dosahem (Ynnerman et al. 2016) a vzajemné sdilet ziskana data nejen na poli védy a rozvijet

tak dalsi spolupraci (Hassett and Lewis-Bale 2016).

3.3.4. CT scannery
Historicky vyvoj

Pocatek vyvoje oblasti pocitatové tomografie mizeme datovat do obdobi 60. let
minulého stoleti a 70. letech 20. stoleti. Hlavni konkurenéni metodou je magneticka rezonance
(MRI). Od vyndlezu magnetické rezonance v 80. letech 20. stol, se pfedpokladalo, ze CT
postupné piestane byt pouzivano. Presto je doposud nejpouzivanéjsi zobrazovaci technologii
na radiologickych oddélenich stale CT. V USA se pocitacova tomografie nazyva také
pocitacova axialni tomografie (CAT). Vypocetni tomografie se vyvinula v nepostradatelnou
zobrazovaci metodu v klinické rutin€é. Byla prvni metodou, ktera neinvazivnim zplsobem
ziskala snimky vnitiku lidského téla (Kalender 2011; Seeram 2018). Oficialni oznameni
pocitaéové tomografie ptislo v roce 1972 (Ambrose and Hounsfield 1973; Hounsfield 1973). V
posledni dobé se objevuji zajimava technickd, antropomorfni, forenzni, archeologickd a
paleontologicka vyuziti (Seeram 2018). Skenovani celého téla Ize provadét pomoci nejnovejsi
generace CT systémt, véetn¢ multidetektorovych. Dokonce i velmi malé cévy nohou lze presné
zobrazit. Nové vyvinuté aplikace dale posiluji metodu jako obecny diagnosticky nastroj pro
nedestruktivni testovani materidli a trojrozmérnou vizualizaci presahujici ramec jejiho

Iékarského vyuziti (Kalender 2011).

Typy CT

CT systémy lze v zasadé rozdélit do ¢tyi skupin — linearni akceleratory (LINAC), makro CT,
mikro CT a nano CT. Klasifikace CT systému je zalozena na jejich dosazitelném rozliSeni,
rozsahu méfeni a velikosti ohniska. Makro CT systémy se pouZzivaji pro velké a mikro CT
systétmy pro malé rozméry méfenych objektt. Efektu mikro CT lze dosahnout pomoci
rentgenovych trubic s malym ohniskem (v rozmezi 1-50 pm) a umisténim objektu blizko

ohniska. Timto zptisobem se dosahne vétsiho geometrického zvétseni. Rozliseni mikro CT je
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omezeno mimo jiné velikosti ohniska. Zdroje rentgenového zafeni s nano-ohniskem (tj.

ohniskové body mensi nez 1 um) jsou pro skenovani nejvhodn¢jsi (Seeram 2018).

Rozdeéleni CT dle konstrukce

Historicky vzniklo pét riznych generaci CT. Jejich klasifikace se tyka zpisobu, jakym
jsou rentgenové trubice a detektory konstruovény, tak i zptsobu, jakym se pohybuji kolem

pacienta.

CT systémy prvni generace se vyznacuji jedinym zdrojem rentgenového zaieni (tuzkovy
svazek) smétujicim pies objekt a jedinym detektorem. Zdroj i1 detektor, se prekladaji soucasné
v rovin€ snimani. Tento proces se opakuje pro dany pocet thlovych otoceni. Vyhodou této
konstrukce je jednoduchost, dobry odstup pohledu od obrazu detektoru, flexibilita pti volbé
parametrd skenovani (napf. rozliSeni a kontrast) a schopnost prizpiisobit se Siroké skale riiznych
velikosti objektd. Nevyhodou je delsi doba skenovani (Flohr 2013; Hounsfield 1973). CT
systémy druhé generace pouzivaji stejnou geometrii translace/rotace jako prvni generace.
Rozdil spociva v tom, Ze tuzkovy svazek je nahrazen véjifovitym svazkem a jeden detektor vice
detektory, aby bylo mozné ziskat sérii zobrazeni béhem jednoho sniméani coz vede k
odpovidajicimu zkraceni doby skenovani (Ueguchi, Ogihara, and Yamada 2018). CT systémy
treti generace obvykle vyuzivaji pouze rotacni geometrii skenovani s kompletnim zobrazenim,
shromazd’ovanym soustavou detektorti béhem kazdého intervalu vzorkovani. Systémy tieti
generace jsou obvykle rychlejsi nez systémy druhé generace. Detektory zde maji vétsi mnozstvi
snimact v detektorovém poli (Fleischmann and Boas 2011; Kalender 2011; Prokop 2003). CT
systémy Ctvrté generace rovnéZ pouzivaji pouze rotacni skenovaci pohyb. Zde se systém sklada
z pevného prstence s n€kolika detektory a jediného zdroje rentgenového zateni (véjifovitého
svazku), ktery rotuje kolem skenovaného objektu. Pocet zobrazeni se rovna poctu. detektoru.
Tyto skenery jsou nachylnéjsi k rozptylenému zateni (Seeram, 2018). CT systémy paté
generace se od predchozich systému 1isi tim, Ze nemaji Zadny mechanicky pohyb. Skener
pouziva kruhové pole zdroji rentgenového zareni, které jsou elektronicky zapinany a vypinany.
Zdroje se promitaji na zakiivenou fluorescencni plochu, takZze po zapnuti zdroje rentgenového
zateni se zobrazi velky objem objektu soucasné, coz poskytuje projek¢ni data pro kuzelovy
svazek paprsku vychazejici ze zdroje. Je tak shromazdéna série dvourozmérnych projekci

trojrozmérného objektu (Kalender 2011).
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MDCT

Multidetektorové CT (MDCT) nebo také helikélni/spirdlni CT je dnes jiz velmi znamou
modalitou na poli radiologie v medicing, kdy tuto metodu fadime v ramci diagnostického
algoritmu u vybranych pfipadu jako stézejni (Ferda et al. 2002). MDCT je zastupcem tzv. 3.
generace CT piistroj, kdy je naproti rotujici RTG lampé umisténa fada detektort, které také
rotuji, zatimco se stil s pacientem pohybuje a vznika tzv. Sroubovice (helix) - z toho
helikalni/vicetadé (multislice) nebo multidetektorové (MDCT) (Ferda et al. 2010). MDCT jsou
definovany dle vyvojového stupné a dle technického pokroku vzdy poéty detektoru (2-320)
(Prokop 2003).

Ve veterinarni praxi byvaji zfidkakdy feSena mensi zvifata urCena k chovatelskym
ucelim (Mantis and Baines 2007). N¢které vyzkumy ukazuji na pouzitelnost CT k vyukovym
ucelim anatomie pro veterindrni ucely. Obdobné je prozkoumdno vyuZiti v oblasti forenzni
radiologie, a to veterinarni ¢i experimentalni, v¢. srovnani tomografickych metod-CT vs. NMR
(Mantis and Baines 2007; Watson and Heng 2017). Takika sporadicky 1ze najit uplatnéni pro
velka hospodaiska zvitata ¢i v zoologii. MoZnosti vyuZiti se v souc¢asné dobé opiraji o velmi
malou znalost zobrazovacich limitd pro modelové druhy zvéfe ¢i nastaveni expozicnich
parametri a protokolti CT (Hagag et al. 2016). Prozkoumana jsou vétSinou exoticka a vétsi
zvitata, kterd se jevi jako vhodnym subjektem vzhledem k technickym principim CT a
objemové podobnosti s lidmi (Dennison and Schwarz 2008). Za méné obvyklou aplikaci je
povazovana forenzni ¢i termindlni balistika, ve které lze vidét prvni pokusy o nastaveni a
optimalizaci protokold pro detekci fragmentt stiel kadaverd (Fraga-Manteiga et al. 2014). V
ramci optimalizace a srovnani dentalnich protokold byla provedena zakladni kraniometricka
méfeni, stejné jako podrobnéjsi stomatologické zobrazeni u vybranych druhii kadavert pst

(Esmans, Soukup, and Schwarz 2014).
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4. Metodika

Metodika je rozdélena na zakladé tematickych okruht, které byly v ramci disertaéni prace
zpracovany. Prvni Cast je vénovana klasické kraniometrii aplikované na dolnich Celistech srnce
obecného a prasete divokého pochazejicich z izemi kraje Vysocina. Druha ¢ast disertacni prace
je zaméfena na vyhodnoceni hmotnostnich parametrti jelena siky japonského z oblasti
zapadnich Cech a vyhodnoceni hmotnostnich parametri a kvality masa danka evropského ze
stiednich Cech. Tieti, tematicky odd&lena ¢ast, je zaméfena na pouziti 3D zobrazovacich
technologii pro ucely kraniometrickych méfeni. V této Céasti jsou porovnavany zdkladni
meéti¢ské metody s metodami modernimi.  Zaroven je zde velmi podrobné popsan zplisob

aplikace jednotlivych metod a vyhodnocena jejich piesnost a aplikovatelnost v kraniometrii.

4.1. Kraniometricka variabilita srnce obecného a prasete divokého v kraji
Vysoc¢ina

4.1.1. Charakteristika zdjmového tizemi kraj Vysocina
Kraj Vyso&ina zaujima v ramci Ceské republiky centralni polohu. Primémaé hustota

zalidnéni je 75 obyvatel na km2. Celkova rozloha 6 796 km? je tvotena z 29,8 % lesy (202,7
ha), hlavni dfevinou je smrk (73,2 %), dale borovice (10,9 %), modiin (3,1 %) a jedle (0,9 %).
Z listnatych dfevin je nejvice zastoupen buk (3,6 %), dub (2,3 %), olse (1,8 %) a btiza (1,4 %).
Podil jehli¢nant se vyrazné zvysuje s nadmotskou vyskou, takze vyssi podil listnatych stromt
se vyskytuje predevsim v nizSich polohach nebo podél vodnich tokii. Vysoc€ina se nachazi v
mirném podnebném pasu, primérna ro¢ni teplota dosahuje 6-8 °C a primérny thrn srazek se
pohybuje od 500 mm do 800 mm. V tomto kraji se nachadzi vice nez pét set honiteb. Lov
divokych prasat dosahl v roce 2020 11 816 kust, u srn¢i zvétre byl odlov v roce 2020 11 195

kusa.

4.1.2. Sbér dat
V piipad¢ srnce obecného bylo zméfeno a vyhodnoceno 7560 mandibul samic a mlad’at.

Celisti pochazely od jedincti ulovenych v ramci planu lovu v jednotlivych honitbach okresu
Zd’4r nad Sazavou, celkem 127 honiteb, mezi roky 2007 az 2012. Celisti byly vypreparované
standartnim zpisobem — celist byla oddélena od lebky, ocisténa od nadbyte¢né svaloviny a
uvafena. Po uvafeni byla celist vybélena 12 % peroxidem vodiku. Kazda celist byla
doprovazena udajem o celkové hmotnosti jedince (s piesnosti na 0,1 kg), datu lovu a v pripadé
mléad’at také pohlavim. Celkova délka dolni Celisti (mm) byla métena standardné, tedy od okraje

kaudalniho okraje zauhleni Celisti po rostralni okraj fezakové kosti, v oblasti mezi koteny
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fezaka 11, s presnosti na 0,1 mm. V¢k zvitat byl odhadnut na zakladé fyziologickych znakl a

opotiebeni chrupu.

V piipadé prasete divokého bylo zméfeno a vyhodnoceno 1135 mandibul jedinct ve
véku od 1 do 16 mésicti véku. Celisti byly poskytnuty krajem Vyso&ina v ramci projektu
vykupu celisti ¢erné zvéie se zamétfenim na selata a dospivajici jedince. Byly zaznamenany
udaje o hmotnosti jedince v kg (po vyvrZeni, bez hlavy a béhit), dale pak datum uloveni, pohlavi
a konkrétni honitba (celkem 50 honiteb). Dopliikové byla zaznamenavana pfitomnost prvniho

premolaru Pla zvaného mezernik a pfipadné zubni anomalie.

Celisti byly mé&feny pomoci digitdlniho méfitka Kinex 6040-02-300. Pied kazdym
méfenim byla provedena kalibrace a kazdé méfeni bylo provedeno dvakrat, aby se zvysila
presnost vysledkl. Vyslednd hodnota meéteni pro jednotlivy rozmér byla urCena, jako
aritmeticky primér obou méfeni. Pfesnost méfeni udand vyrobcem posuvného méfitka se
pohybovala mezi 0,02 mm a 0,04 mm, v zavislosti na velikosti méfeného objektu. Celkem bylo
zmé&feno 16 kraniometrickych parametrti, na zakladé metodiky (Endo et al. 2002). Jeden z
métenych parametrt byl sklon dolni Celisti v fezadkové casti. Parametry byly méfeny na levé
stran€ dolni Celisti (Obrazek 1).

Popis_parametrii: LA — délka od predni casti pars incisive k
nejprednejsimu bodu collum mandibulae. LC — délka od predni
casti pars incisive po nejprednéjsi bod processus condylaris. AHR
— Abordlni vyska vertikalniho ramusu — od dolni casti tuberosistas

musculi mandibulare po vrchol caput mandibulae. OHR — ordlni

vyska vertikalniho ramusu — od dolni casti tuberosistas musculi

mandibulare po vrchol processus coronoideus. MHR — stiedni

vyska vertikalniho ramusu — od spodni cdsti tuberosistas musculi

mandibulare po vrchol incisura mandibulae. LP1L - Rozmér
prostoru mezi Pla a Pl (levd strana) LPIR - rozmér prostoru
mezi Pla a Pl (prava strana) HM1 - Vyska dolni celisti u septum
interalveolare m1 HG - Vyska dolni Celisti od spodni cdsti
symphysis mandibulae k vrcholu margo interalveolaris LS - délka
symphysis mandibulae LR - s$ifka dolni Celisti mezi ramus

mandibulae a angulus mandibulae Bl - Sizka arcus alveolari v

dolni celisti BCP - sirka dolni Celisti mezi hranicemi medidlniho

a laterdlniho bodu caput mandibulae. BML — §i7ka caput
mandibulae BM — $ifka dolni celisti od septum interalveolare v
ml TM — toustka septa interalveolare dolni celisti u m1 HI —

vzddlenost mezi stredem arcus alveolaris incisiva a fixni

Obrazek 1 — Kraniometrické parametry na podlozkou

Celisti prasete divokého
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Vzdy byl stanoven vék jedince stejnym vyzkumnikem na zakladé tabulky vyvoje chrupu
vytvorené Kolarem (2002). Vzhledem k tomu, ze neni mozné odhadnout piesny vék na zaklade
vyvoje chrupu, byly vytvoieny vékové kategorie pro piesnéjsi odhad véku (tabulka 1). Velikost
lesnich, zeméd¢€lskych a vodnich ploch byla zjisténa ze zakladnich 1daji o
lokalitach/honitbach. U zemédélské pudy se rozliSovaly kategorie do 200 ha, 200-500 ha, 500-
1 000 ha a nad 1 000 ha. Pro lesni pozemky byly vytvotreny kategorie do 200 ha (113 jedinct),
200-500 ha (97 jedinct) a nad 500 ha (96 jedincti). Plocha lesa byla vypoctena jako soucet
vSech lesnich pozemk, nejednalo se o pouze souvislé lesni komplexy. Mira loveckého tlaku

byla zjiStovana ze statistickych udaji o kazdoro¢nim lovu.

Vékova kategorie  Mésic Zivota

1 0-3

2 4-6

3 7-8

4 9-10
5 11-12
6 13-14
7 15-16

Tabulka 1 — Rozdéleni jedinct do vékovych kategorii

4.1.3. Analyza dat
Udaje byly vyjadfeny jako primér + standardni chyba priméru (SEM). Vysledky byly
statisticky analyzovany pomoci jednosmérné ANOVA a vyznamnost rozdilli mezi skupinami
byla stanovena pomoci Duncanova testu vicendsobného rozsahu pii vyznamnosti P < 0,05.

Vsechny vypocty byly provedeny v programu Statistica 10.0 (StatSoft, 2011).
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4.2.  Hmotnostni parametry jelena siky japonského a hmotnostni parametry
a kvalita masa dafika evropského ve stiednich a zapadnich Cechach

4.2.1. Charakteristika zajmového tizemi Konstantinolazeniska a Mokrovraty
Mikroregion Konstantinoldzensko je umistén na severovychodné okresu Tachov. Pro

tuto oblast je typicky ¢lenity terén o rozloze zhruba 205 km?, do severni &4sti (izemi zasahuje
Kru$nohorsko. Nadmoiska vySka se pohybuje od 450 do 600 m.n.m. s nejvys§im bodem VI¢i
hora. Oblast spada do mirného pasu — z toho je mezi 65 % - 70 % orné pidy. Pomér lesni pudy
¢ini 35,2 % (pievazuje SM) z celkové rozlohy, vodni plochy zabiraji 0,7 % (Zelenka, Pruner,
and Valova 2022). Na tizemi se vyskytuje prevazné zver sici, ¢ernd, srnc¢i, mufloni a vyjimecné
danci. JKS jelena siky ve vétSing honiteb ptesahuji 250 ks, tyto udaje jsou vsak podhodnoceny

(ORP Plzen Zapad, ORP Nyftany, 7.12.2022, ustni sdélenti).

Obec Mokrovraty se nachdzi v okrese Piibram, vychodné od mésta Dobftis. Farmovy
chov Mokrovaty se nachazi v nadmoiské vysce 365 m. n. m. Primérna teplota v oblasti je 7,3
© C s rocnim thrnem srdzek 623 mm. Rozloha farmového chovu je 60 ha, pfevazné pastevni
plochy a 8 ha pfevazné obilnin. Zakladni stado danci zvéfe sestava cca ze 100 kust. Doplitkové
je pro piikrmovani zvéfe umistén centralni krmelec a dvé kamenna napajedla. Béhem zimniho
obdobi jsou podavany suplementy ve form¢ minerdlli a vitamini. Za ucely jednodussi
manipulace se stddem je praktikovano kontaktni krmeni a je instalovani fixacni zafizeni,
slouZzici k odchytu zvifat. Farma je oplocena 2 m plotem. Z dfevin miZeme jmenovat borovici,
buk, dub, javor, ofech a hrusku. Pro ptipady neptiznivého pocasi je vybudovéan ptistiesek.

4.2.2. Sbér dat

Hmotnostni parametry jelena siky
K ziskéni udajii o hmotnosti byly pouZity dvé digitadlni vahy. Prvni je KERN HCN

200KS5001IP se zavésnou vahou s maximalni vazivosti 200 kg a ptesnosti 50 g, pficemz tato
véaha byla pouzita k vazeni celych ulovenych kust ihned po uloveni a nasledné po vychladnuti
a vyvrZzeni. Pro zjiSténi hmotnosti hlavy, internich organti a koncetin byla pouzita staciondrni

vaha Dahongying ACS-40 s maximalni vazivosti 40 kg a s pfesnosti na presnosti 5 gramd.

Z vnitinich organt byly nejcastéji poskozeny plice a jatra, nejméné ledviny. Hmotnost
srdce byla zaznamenavana bez osrde¢niku a ve vyplachnutém stavu, tedy bez krevnich sraZenin.
Plice byly vazeny bez pridusnice a jicnu. Hmotnost ledvin je uvedena pro ob¢ ledviny
soucasn¢, bez tuku. Slezina byla zvazena bez tuku. Celkové/ziva hmotnost zvéie po uloveni

byla uvadéna vcetné hlavy a koncetin, pouze se ztratou ¢asti krve zpisobenou stielnou ranou.
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Hmotnost po vyvrzeni byla uvadéna vcetné hlavy a koncetin. Hmotnost chlazeného kusu je
uvadéna v rozmezi 12-24 hodin po uloveni, bez hlavy a distalnich ¢asti koncetin. V ptipadé
hmotnosti koncetin je uvedena hmotnost u vSech c¢tyf distalnich ¢asti koncetin soucasné.
Hmotnost hlavy je uvadéna i u jedinct, u kterych byla zasazena, je uvadéna véetné parozi,
jazyka a posledniho hryzu (drobna vétvicka). ZvéEr byla vyvrzena ihned po uloveni, dale byla

zavéSena za ob¢ Achillovy Slachy a zvazena.

V¢ek zvéie byl posuzovan podle stupné télesného vyvoje a soucasné podle stupné vyvoje
a opotiebeni zubll. Zvéf byla rozdélena na kolouchy dol roku véku, $pi¢aky (mladé jeleny),
lan¢ do 2 let v&éku a dospélé jedince.
Hmotnostni parametry a sloZeni masa darika evropského

Pro hodnoceni vlastnosti jate¢né upravenych tél a masa bylo vybrano 18 jedincii (50 %
samci, 50 % samic) farmové chovanych daikd v primérmém véku 2,5 roku z podzimni
porazky. Porazka byla provedena odstielem do hlavy nebo krku a kazdy kus byl vykrven.
Zvitata byla 30 minut po poraZce vyvrzena, jate¢n¢ upravena téla byla vyvésena za ob¢ zadni

nohy v chladici mistnosti po dobu 24 hodin pfi teploté 5°C.

Hmotnost jate¢n¢ upraveného téla byla mefena po odstranéni kiize a vnitinich orgéand.
Jedl¢ a nejedlé vnitinosti se vazily odd€lené. Vazeni probihalo na véaze 1T6080 Al2.
Procentualni podil jatecné upraveného t€la byl vypoc€itdn na zakladé¢ hmotnosti jate¢né
upraveného téla za tepla a hmotnosti vykrveného téla. Jatecn€ upravena téla byla roziiznuta na
polovinu a prava strana kazdého z nich byla rozd€lena na nésledujici Casti: bedra, kyta, plec a
krk. Kazda cast téla byla zvaZena na laboratornich digitalnich vahach VIBRA AlJ. Po
24hodinovém chlazeni pii teplot¢ 5 °C byl odebrany reprezentativni vzorky musculus
longissimus lumborum et thoracis (MLLT), musculus semimembranosus (MS) a musculus
serratus ventralis (MSV) za ucelem chemické analyzy. Obsah suSiny byl stanoven z rozdilu
hmotnosti vzorku pfed a po vysuSeni moiskym piskem. IMF byl stanoven gravimetrickym
stanovenim po extrakci v extraktoru SER 148 - Soxhlet pomoci nepolarniho rozpoustédla
(petrolether). Obsah bilkovin je zaloZen na obsahu aminodusiku Kjedahlovou metodou, poté
pieveden na (hruby) obsah bilkovin po vynasobeni ptisluSnym koeficientem. Obsah popela byl
stanoven spalenim vzorku pfi teploté 550 ° C, dokud nedoslo ke spéleni organickych latek. Pro
analyzu mastnych kyselin byl MLLT odebran 24 hodin post mortem, zmrazen a skladovan pii
80 °C.
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Methylestery mastnych kyselin byly stanoveny po extrakci lipidi. Methanolyza byla
provedena za katalytického U¢inku hydroxidu draselného a extrakce kyseliny ve formé
metylesterd do heptanu. Izolované methylestery byly detekovany plamenovym ionizacnim
detektorem (FID) za pouziti déleného rezimu chromatografie Master GC vybavené kolonou

Famewax se stacionarni fazi z polyethylenglykolu.

Helium bylo jako nosny plyn pfi konstantnim pritoku 5 ml/min, délici pomér byl 1:9.
Vrcholy byly identifikovany pomoci Clarity 5.2 a kvantifikovany na zaklad¢ zndmé retence

standardii Food Industry FAME Mix.

4.2.3. Analyza dat
Veskeré udaje byly zaznamenany do MS Excel. Data byla vyhodnocena pomoci

korelaéni analyzy, ktera byla provedena pomoci programu Statistica 12.0.
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4.3. Aplikace 3D zobrazovacich technologii pro ucely kraniometrickych
méfeni

4.3.1. Vzorky
Jako vzorky byly pouzity dva odlisné druhy zvéte, tedy dva odlisné objekty. V prvnim

ptipadé se jednalo o jednoduchy objekt v podobé dolni celisti prasete divokého, celkem 60
celisti. Zakladni charakteristikou, ktera se v tomto ptipad¢ dotyka 3D scanneru je nizky kontrast
objektu bez pfilis svétlych, tmavych ¢i prihlednych ¢asti a jednoduchy tvar. V druhém piipadé
byl vybran objekt lebky samce srnce obecného s parozim — celkem 30 lebek. Parozi
reprezentuje slozitéjsi objekt s vysokym kontrastem a riznymi tvarovymi extrémy. Z hlediska

CT se jedna v obou piipadech o kostni tkan, coz je pro RTG zatizeni vhodny objekt.

4.3.2. Megéfici metody

43.2.1. 3D scanner
Jednim z pfistroji pouzitym pro analyzu byl 3D scanner ATOS (Advanced Topometric

Sensor) Compact Scan 12M Essential Line. Jedna se o pohyblivé bezkontaktni zatizeni tvofené
stereo CCD kamerami s rozlisenim 12Mpx a pruhovym projektorem. Mé&fici systém Atos je
certifikovan pro metrologii a dodava se s certifikaci dle predpisu VDINDE 2634 part 3. Zatizeni
je umisténo na polohovatelném stojanu, ktery umoznuje stabilni ukotveni skeneru vyzadované
pfi snimani. Vzhledem k velikosti obou typt objekttl byly zvoleny kamery s méficim objemem
300 mm. Zatizeni je vybaveno modrym svétlem, diky kterému je mozné skenovat bez ohledu
na svételné podminky. Skener vyuZiva metody Fringe Projection, kdy jsou na plochu pomoci
laseru promitany pfesné pruhy, které se deformuji na zakladé tvaru objektu. Systém ATOS
vyuziva postupu triangulace. Aby bylo dosazeno celkové digitalizace, je tfeba objekt nasnimat
z ruznych Uhlh. Systém ATOS sdm prevede tyto pofizené zabéry do spole¢ného soufadného
systému. Vyslednym souborem dat z méfeni je soubor STL, 3D soutadnice bodi, fezy,
obrysov¢ linie nebo vystupni protokoly kvality. Vysledky digitalizace mohou byt exportovany
do systému pro Reverse Engineering, které jsou schopny rychle rekonstruovat 3D CAD model.
Software GOM Inspect umoziuje vyhodnotit a porovnat soubory naméfenych dat s vychozi

CAD.

Pred zac¢atkem snimani dochazi k zahtati scanneru v primérném case 32 minut. Cely
systém je tieba pravideln¢ kalibrovat v zavislosti na Cetnosti snimani a dobé provozu. V naSem
piipadé byl pfistroj kalibrovan 1x za tyden, a to s pomoci certifikovaného kalibra¢niho panelu
urc¢eného pro objem 300 mm. V bézném provozu je tfeba nastavit spradvnou snimaci polohu

kamer, vzdalenost snimace od objektu, teplotu v mistnosti a stabilitu zafizeni. Teplota na
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podlozce je nastavovana vzdy pfi kalibraci piistroje a pied jeho pouzitim dochéazi k jeji
kontrole. Skener je schopny pracovat v rozmezi 5°- 40°C. Optimalni teplota se tedy nachazi
kolem 20 °C, v nasem piipadé byl pfistroj kalibrovan na teplotu 23,5° C. Optimalni vzdalenost

snimace od objektu je 60 cm.

V ptipadé obou druhti objekti — dolni Celisti i lebky s parozim byly pouzity referenéni
body o velikosti 1,5 mm. Na Celist byly umistény vzdy 4 referen¢ni body, z kazdé strany celisti

dva, jeden do oblasti foramen menatle a druhy do oblasti angulus mandibulae.

Umisténi referencnich bodt bylo zvoleno po nasnimani 10 testovacich objektd, diky
kterym bylo mozné urcit vhodnou pozici tak, aby byly referencni body dobfe viditelné ve vSech

pozicich objektu a skener je mohl ulozit pro snimani v jiné poloze.

V ptipad¢ lebek srnct s parozim byly referencni body umistovany po Sesti a jejich
pozice byla volena v zavislosti na ¢lenitosti parozi. Dva body byly umistovany na vnéjsi plochu
parohu — jeden v dolni a jeden v horni ¢asti, jeden bod byl umistén na vnitini ¢asti parohu,
stejné umisténi bylo zvoleno pro oba parohy. Referenéni body byly rovné€Z umistény
rovnomeérné na otocné podlozce. Objekt byl poté umistén na automatickou otocnou podlozku
do ,,zakladni polohy*, v pfipadé Celisti bo¢ni pohled na pravou stranu, v pfipadé srnce pfedni
pohled na nosni a ¢elni kost. V piipadé obou objektl bylo nastaveno snimkovéni na 8 snimka
pii 360° otoceni podlozky. Pfed zahdjenim snimani byl nastaven kontrast objektu a kontrast

referenénich bodu.

Mandibula byla vzhledem k méfenym parametrim sniména pouze v jedné poloze.
Lebka s parozim byla vzhledem k ¢lenitosti objektu skenovana ve dvou polohach. Vzhledem
k vysokému kontrastu lebky a parozi byl pro skenovani parozi pouzivan nastiik antireflexni
vrstvy na bazi kiidy. Tento nastfik umoziiuje sjednoceni barvy objektu a jeho rychlejsi a
presnéjsi snimani. Diky pouziti automatické otocné podlozky byl thel snimani u jednotlivych
objektti srovnatelny. V pribéhu skenovani je provadéna automaticka kontrola kalibrace,
transformace, relativniho pohybu a zmény svétla pii kazdém zabéru. V piipadé, kdy bylo
skenovano parozi bylo ke spojeni méficich sérii vyuzito 3-5 referen¢nich bodli umisténych na
objektu. Bylo zaznamenano rozliseni, ve kterém byl objekt naskenovan. Po spojeni méficich
sérii byla provedena polygonizace na standardni Grovni. Nasledné byl objekt exportovan.

Vystupem snimani byl digitalizovany mesh objekt.

Inspekce objektu byla provadéna prostiednictvim programu GOM Inspect 2019.

Primérni funkci softwaru je editace polygonalni sité, import mraku bodl a polygonéalnich siti,
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zalepeni otvorii polygonalni sité pomoci interpolace okolni plochy, vyhlazeni, redukce a
zahuSténi polygondlni sité a regularizace trojuhelniku. Zékladni uprava objektu byla zalozena
na vyc¢isténi objektu od ndhodné nasnimanych prvki v okoli objektu. V pfipadé méteni parozi
bylo provedeno ofiznuti parohti od lebky, byly odstranény veskera rezidua lebky vcetné pucnic,
na které parozi naseda peceti. V ptipad¢ chybéjici polygonalni sité byly mezery doplnény tak,
aby nenaruSovaly pfirozeny tvar Casti objektu a nezpisobily tak nepfesnost v méfeni. Objekt

byl nasnimam tak, aby maximalni velikost nenasnimané plochy byla do 5 mm.

Veli¢iny méfené na objektu byly zvoleny adekvétné k veli¢indm méfenym pomoci
standardnich metod a doplnény o veli¢iny métitelné diky digitalizaci. Zakladni kraniometrické
parametry byly zvoleny vzhledem k pfedchozi zkuSenosti pii zjiStovani kraniometrickych
studii vykazovaly signifikantni rozdily mezi pohlavim a korelovali s hmotnosti jedince

(Obrazek 2).

Obrazek 2 — Kraniometrické parametry méfené na mandibule

Popis parametrii: LC — délka od predni casti pars incisive po nejprednéjsi bod processus condylaris. HG - Vyska dolni celisti od spodni casti

medidlniho a lateralniho bodu caput mandibulae. BML — $ifka caput mandibulae

4.3.2.2. CT scanner

Jako druhy pfistroj byl pouzit vypocetni tomograf firmy Siemens Somatom Scope
Power. Jedna se o multidetektorovy tomograf (dale jen MDCT) s 16 vrstvami — za jednu otacku
nabird 16 vrstev snimaného objektu. Pfi nejrychlejS§im faktoru stoupani (Pitch) 1,5 zvladne
otacku za 0,5 s a nejmensi tloustku fezu umi zobrazit 0,6 mm, coZ poméaha zobrazit pomérné
malé anatomické struktury a zdrovenl vyrazné zrychlit vySetfeni. Gantry disponuje prameérem
apertury 70 cm, avSak zobrazované pole (Field of View, déle jen FoV) ¢ini 50 cm, které je
shodné s FoV rekonstrukénim. Ziskand data z ezl jsou prevedeny do zobrazovaci matice
1024x1024, pricemz rekonstrukéni matice ¢ini 512x512 pixelt. RozliSeni monitoru je 1280 x

1024 pix. Pristroj Somatom Scope Power ma rozsifené vstupni parametry (napéti-proud
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rentgenky) = 130 KV - 345 mAs. S CT spolupracuje stul o nejvyssi pripustné hmotnosti 210 kg,

coz umoznuje vysetfit i vétsi objekty €i preparaty.

Pro nastaveni preparatu pro skenovani je velmi diilezita poloha a centrace preparatu do
izocentra. V piipadé¢ lebky je pro kvalitu zobrazeni nutné centrovat, aby vysledny obraz a fezy
jak axialni, tak rekonstruované sanitarni i koronarni byly v pfesné rovin¢. Horizontalni centrace
odpovidala cca meatus acusticus externus. Bylo skenovano v poloze podobné ¢lovéku lezicimu
na zéddech — vhodné pro kolmé centrovani na rtize parozi, vzhledem k dal$im okolnostem a
ucelu pouziti (méfeni objemu parozi probéhlo podobnou metodikou jako hodnoceni trofeji v
odmérném valci). V nékterych ptipadech byla poloha obricena ¢ili splanchnocranium a
parietalni oblast smétovaly dolii, tato poloha byla volena v ptipadech, kdy bylo tieba srovnat
oblast riizi kolmo na horizontélni osu, tedy kdy osa riistu parozi byla v nevhodném velmi ostrém

uhlu rostouci dozadu.

Tvorba skenovaciho protokolu byla inspirovana lidskym defaultnim protokolem pro
hlavu ditéte, kterému byly jen lehce upraveny expozi¢ni parametry, v piipadé mAs byl pouzit
topogramem fizenému CARE dose 4 D automatickému systému, ktery je schopen v
objemnéjSich mistech ptidat mAs pro kvalitn€j$i zobrazeni vzhledem k ¢asovému rozliSeni a
zéaroven snizit radia¢ni davku v mistech, kde neni potieba tak intenzivni ,,prozatreni*. Pro lebku
srnce nikdy nebyla piekro¢ena hodnota eff. 180 mAs. U skenovacich a rekonstrukénich
2.0 mm (tolerance +/- 0,5 mm) rekonstrukéni 1.0 mm (tolerance +/- 50 %). Kolimace detektort
byla 16 x 0,6 mm-tedy nejnizsi mozna) a recon increment (piekryv vrstvy) 0,5 mm. Kernel
zvolen U90 ultrasharp pro zvyraznéni denzitnich rozhrani tedy pfesnost okraji a kontur pro
zvySeni presnosti méfeni. Okno zvolené standardni kostni, které v nasem piipad¢ hezky
zobrazuje 1 paroZi a také zuby. Nabérové FoV 1 odpovidalo celému objektu-lebka v¢. parozi,
FoV2 odpovidajici 2. rekonstrukci bylo peclivé vymezeno pouze na oblast stiedu rizi co
nejbliZze kolmici na osu jejich rlstu az po celé parozi. Pitch kompromis 1.0 mezi rychlosti a

kvalitou obrazu se ukazal jako velmi vhodné feseni.

Z akvizice byl vytvofena MPR-multiplandrni rekonstrukce a méfeny objekt v kostnim
zobrazeni pomoci volume renderinque technice, tzv. VRT. Mé&feni byla provadéna v kostnim
zobrazeni a ve srovnané anatomické rovin€ — vzdy té, kterou je potieba méfit, tedy korelujicim

se stejnym fezem. Méfeni objeml parozi bylo provedeno v aplikaci Volume SW Siemens
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Syngo bylo zna¢né zjednoduseno ptedchozi metodikou tvorby 2. rekonstrukce a zvolenym

FoV, kdy, jiz byla odfiznuta ¢ast lebky a méfil se pouze objem parozi.

Pro méfeni mandibul byly pouzity stejné expozicni 1 rekonstrukéni parametry. Bylo
pouzito stejného FoV pro 2. rekonstrukei, Centrace a ulozeni do izocentra. Centrace laseru byla
na misto spojeni obou ¢asti mandibuly, tedy uroven fezaka a vyska odpovidala cca poloving

vysky mandibuly.

43.2.3. Kontrolni méreni standardnimi metodami
Digitalni posuvné méfitko
Mandibularni parametry byly méfeny pomoci digitdlniho posuvného méfitka Kinex
6040-02-300. Pfed kazdym meéfenim byla provedena kalibrace. Ptresnost méfeni uvedena
vyrobcem se pohybuje mezi 0,02mm a 0,04mm, v zavislosti na méfeném objektu.
Odmérny valec
Objem parozi byl méfen metodou stanovenou CIC. Ta je zaloZena na hydrostatickém

zékonu zji$téni hmotnosti vody vytla¢ené parozim.

Meéfeni bylo provedeno pomoci 1ékarnickych vah Kern PCB1000 s vazivosti do 1000 g,
s citlivosti na 1 g. Nejdfive byla trofej zvazena volné na vzduchu pro zjisténi hrubé hmotnosti.
Pfi druhém méfeni byly parohy ponotfeny do vody v odmémém valci po spodni okraj rizi tak,
aby se nedotykaly stén nebo dna nadoby. Rozdil hodnot prvniho a druhého méteni udaval
hmotnost vody vytla¢ené parohy v gramech. 1 gram vytladené vody piedstavoval 1cm® objemu

parozi (Klusak 2002).
Kalibra¢ni referen¢ni objekt (KRO)

Pro tucely kalibrace byl pomoci 3D tiskarny vytvoien silikonovy objekt (KRO). Tento byl
nasledné upraven na frézce a predan CMI (Cesky metrologicky institut) ke kalibraci. Objekt
byl vytvoren tak, aby vyhovoval obéma technologiim, a to pfedev§im co se tyCe materialu a
povrchu. Tento objekt byl nasledné pouzit jako kalibrace piesnosti méfeni mezi obéma

metodami.

Na zakladé doporugeni CMI byly naskenovany a vyti§tény sméi partizky z materidlu ASA
(akrylonitril-styren-akryl) a nasledné pfeméteny pro dalsi porovnani piesnosti méteni. Parohy
predstavuji slozity objekt, ktery miize vykazovat chyby skenovani, na rozdil od jednoduchého

KRO.
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4.3.3. Statistické analyzy
Pro zjisténi odchylek méfeni pomoci skeneru a CT od referenéniho méfeni provedeného

posuvnym meéfitkem byl ve vSech ptipadech pouzit parovy t-test. Zavislost piesnosti méfeni
objemu parozi zjiSténého pomoci skenovani a CT méfeni na skute¢ném objemu parozi
(méfeného referencni metodou) byla analyzovana pomoci linearni regrese. Veskeré vypocty

byly provedeny v software R (R Core Team 2020). Hladina vyznamnosti byla pro veskeré

statistické testy zvolena a = 0.05.
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5. Piehled publikovanych praci

Ptehled publikovanych praci je slozen ze tii tematickych okruhti, které byly samostatné
zpracovany také v metodické ¢asti. Prvni okruh je zamétfen na kraniometrickd méteni dolnich
Celisti srnce obecného a prasete divokého. Tato ¢ast je sestavena z jedné prace s impakt
faktorem a jedné prace v databazi Scopus. Ve druhé ¢asti je popsano vyhodnoceni hmotnostnich
parametril jelena siky japonského a vyhodnoceni hmotnostnich parametrti a kvality masa danka
evropského, prace je shrnuta v jednom c¢lanku v ¢asopise s impakt faktorem a v jednom ¢lanku
v databazi Scopus. Tteti tematicky okruh je zaméten na pouziti 3D zobrazovacich technologii
pro ucely kraniometrickych méfeni. Tato Cast se sklada z jednoho ¢lanku v databézi s impakt
faktorem. Ptehled publikovanych praci je tedy slozen z péti ¢lankd, u dvou praci je dizertant
prvnim autorem, v dvou piipadech je druhym autorem a v ptipadé jedné prace je Ctvrtym

autorem.

5.1. Kraniometricka méfeni dolnich Celisti

1. Hanzal, V., Janiszewski, P., Tajchman, K., Kosinova, K. (2017): The correlation
between mandibular length versus body mass and age in the European roe deer
(Capreolus capreolus L.). Applied Ecology and Environmental Research. 5(4):1623-
1632. DOI: http://dx.doi.org/10.15666/aeer/1504 16231

Hlavnim cilem bylo vyhodnoceni vzajemného vztahu kraniometrickych parametrti, v tomto
ptipadé délky dolni celisti, hmotnosti a v€ku. Bylo zméteno celkem 7560 dolnich celisti samic
a mlad’at srnce obecného (Capreolus capreolus) z kraje Vysocina. Jedinci do 4 let vykazovali
nejveétsi nartst délky dolni Celisti, v prvnim roce (cca od 5 do 12 mésici zivota) €inil tento
narust 18,28mm a postupné dochdzelo ke zpomaleni rlistu a ustaleni délky. Zaznamenany rozdil
pfedstavoval piiblizn€ 60 % celkového narlstu délky celisti ve sledovaném obdobi Zivota.
pfiblizné 30,4 mm. Byla potvrzena vzdjemna korelace (0,82) mezi délkou Celisti a hmotnosti
jedince. Zjisténé délky celisti taktéz odpovidaly obdobi, ve kterém byli jedinci uloveni —
Vv ptipad¢ lovli na pocatku 1éta dosahovaly Celisti menSich délek nez Celisti jedinct stejného

veéku ulovenych v zimé téhoz roku.
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2. Kosinova, K., Policht, R., Mat¢jka, O., Hanzal, V., Jezek, M., Kusta, T., Hart, V.
(2022): What does the mandible say about wild boar: Ontogenetic development,
sexual dimorphism and habitat preferences. Journal of Forest Science. 68: 61-71.
DOI: https://doi.org/10.17221/128/2021-JFS

Vzhledem k aktualni problematice bylo dal§im cilem kraniometrického méfeni prase divoké. U
celkem 1135 dolnich celisti prasete divokého zkraje VysoCina bylo zméfeno 16
kraniometrickych parametri. K dopliikové analyze bylo pouzito 301 vzorki jedinct, u nichz
byly kompletni dopliuyjici informace, jako je hmotnost a pohlavi. Délka a §itka celisti byly
zaznamenany, jako nejvyznamnéjsi parametry se statisticky vyznamnym pozitivnim vztahem
k véku jedince. Nejvétsi narust Sitky Celisti byl u jedinct do 6 mésict véku, 17,37 mm. Od 1
meésice do 15 mésicli véku byl zaznamenan ndrst 36,8 mm. Dale byl zjiStén pohlavni
dimorfismus, a to u Sitky caput mandibulae (BML), vysky celisti méfené od spodni Casti
symfyzy k margo alveolaris (HG) a u zauhleni Celisti v oblasti fezakové kosti, pficemz u
rozmérd BML a HG dosahovali samci vétSich rozméra nez samice, taktéz v ptipadé zauhleni
Celisti byl svirajici thel vétsi u samcli neZ u samic. RovnéZz byl zaznamenavam vyskyt Pla
(mezernik), u n€jz byl prokazan pohlavni dimorfismus, u samic se vyskytoval v 94 %, u samcti
pouze v 75 %. V neposledni fadé byl zjistén vliv velikosti lesni plochy na parametry celisti. Z
vysledkid vyplynulo, ze jedinci z honiteb, které obsahuji alespoii 200 ha lesa vykazovaly vétsi
parametry nez jedinci z lokalit s niz§im pomérem téchto ploch, pfi¢emz nebyl prokazan vliv

zemédé€lské plochy ¢i loveckého tlaku.
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5.2. Hmotnostni parametry a kvalita masa

3. Hanzal, V., KoSinova, K., Pokorny, R., Janiszewski, P., Hart, V. (2018): Weight
parameters of body parts in sika deer (Cervus nippon nippon) from the
Konstantinolazensko microregion, the Czech Republic. Central European Forestry
Journal, 64 (1): 16-23. DOI: https://doi.org/10.1515/forj-2017-0027

Jelen sika je jednim z nejproblematictéjSich druht soucasné doby. Nejen, Ze jeho populace stale
narlsta, ale vyznamné€ ovliviiuje plivodni druhy zvéfe 1 vegetace. Oblast Konstantinolazenska
se fadi k mistim s nejvétsi hustotou populace jelena siky v ramci uzemi Ceské republiky.
Znalost populace je dulezitym mezi¢lankem pro nastaveni odpovidajictho managementu a
zhodnoceni vyvoje populace. Celkem u 60 jedincu jelena siky byly vyhodnoceny hmotnostni
parametry. Byla zji§tovana hmotnost celého kusu bezprostfedné po uloveni, ddle hmotnost po
vyvrzeni, hmotnost po vychlazeni a také hmotnost jednotlivych organti (srdce, plice, jatra,
slezina, ledviny). Byla zaznamenéna korelace mezi hmotnosti jedince a hmotnosti jednotlivych
organd, dale byl prokdzan pozitivni vztah mezi vékem a hmotnosti jedince. Hmotnost jedince
po vyvrzeni tvofila 74 % plvodni hmotnosti jedince zaznamenané tésné¢ po uloveni.
V neposledni fadé¢ byl zjistén statisticky vyznamny vztah mezi vékem jedince samce jelena siky
a hmotnosti hlavy. Byl zjistén pohlavni dimorfismus, kdy samci vykazovali vy$§i hmotnost nez

samice.
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4. Svrtula, V., Ko§inova, K., Okrouhla, M., Chodova, D., Hart, V. (2019): The effect
of sex on meat quality of fallow deer (Dama dama) from the farm located in the
Middle Bohemia, Italian Journal of Animal Science, 18(1): 498-504. DOI:
https://doi.org/10.1080/1828051X.2018.1542979

Zvétina je oblibend pro mnoho vlastnosti, které ji Cini jedinecnou, napiiklad nizky
intramuskularni obsah tuku, dobré nutri¢ni a senzorické vlastnosti. Cilem této studie bylo zjistit
rozdily mezi pohlavimi u hmotnostnich parametrd, chemickym slozenim a vyskytem mastnych
kyselin u dainka evropského. Celkem bylo vyhodnoceno 18 jedincii z farmového chovu
Mokrovraty, 9 samcti a 9 samic. Na zaklad¢ odebranych vzorkd z musculus longissimus
lumborum et thoracis (MLLT), musculus semimembranosus (MS) a musculus serratus ventralis
(MSV) byla provedena chemicka analyza masa. Vé&tSina hmotnostnich parametri vykazovala
znaky pohlavniho dimorfismu. Z chemického sloZeni masa byl vyssi obsah susiny (p <0.001)
U samcu neZ u samic, stejné, jako obsah hrubého proteinu (p% .017). Obsah IMF nebyl ovlivnén
pohlavim. Pfi porovnani chemického sloZeni svaloviny méli MLLT a MS vyssi obsah suSiny
(p% .004), popel (p <. 001) a nizsi obsah bilkovin (p% .011) ve srovnani s MSV. Mastné
kyseliny ukazaly, ze samci mé&li vyznamné vyssi obsah myristové kyseliny (C14:0; p% .015),
pentadekanové (C15:0; p¥% .008), palmitoveé (C16:0; p¥a .024), margarové (C17:0; p¥% .009) a
myristolové (C14:1¢9; p¥% .001) v MLLT neZ u samic.
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5.3. 3D zobrazovaci technologie v kraniometrii

5. KoSinova K, Turek J, Cukor J, Linda R, Hickel M, Hart V. (2022): The Application
of 3 D Imaging as an Appropriate Method of Wildlife Craniometry: Evaluation of
Accuracy and  Measurement  Efficiency. Animals. 12(23):3256. DOI:
https://doi.org/10.3390/ani12233256

Kraniometricka métfeni provadéna standartnimi metodami nepfinaseji udrzitelné vysledky,
jejichz ptesnost a chybovost je ¢asto z velké miry ovlivnéna méfi¢em a pouzitou metodou.
Aplikace 3D zobrazovacich metod je moznym feSenim obou tskali. Vybrané zakladni méfici
metody byly porovnany s modernimi 3D zobrazovacimi technologiemi — CT scannerem a 3D
scannerem. Hlavnim cilem bylo srovnani pfesnosti a opakovatelnosti pouzitych metod. Ze
zékladnich metod bylo pouzito digitdlni posuvné méfitko a odmérny vélec. RozliSeni
digitalizovaného objektu se v ptipadé 3D scanneru pohybovalo mezi 0,008 mm do 0,122 mm.
V piipadé méfeni objemu prokazaly obé metody pozitivni odchylku od zakladniho méfeni
pomoci odmérného valce. Obé moderni metody vykazovaly fadu vyhod. V prvni fadé je tieba
zminit opakovatelnost méteni bez rozdilnych vysledka. Dalsi nespornou vyhodou je zachovani
digitalizovaného objektu pro ucely archivace, s moznosti budouciho vyuziti pro dalsi vyzkum
a sdileni dat s vyzkumniky a institucemi napti¢ celym svétem. Z pohledu Casové narocnosti
jsou vSechny metody srovnatelné. Jako hlavni nedostatek téchto zobrazovacich metod byla
shleddna pofizovaci cena zafizeni a nutnost odborné kvalifikace obsluhujiciho personalu.
Dtlezitym vystupem je v tomto piipadé také metodika stanovend pro vyuziti zminénych

pfistroju za uc¢elem méfeni kraniometrickych parametra.
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5.4.

Separaty védeckych clanka

5.4.1. The correlation between mandibular length versus body mass and age
in the European roe deer (Capreolus capreolus L.)
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Abstract. This study investigated the correlation between mandibular length versus the age and body
mass of European roe deer. Mandibular length was measured in 7560 roe deer (3888 females and 3672
fawns younger than 1 year) that were hunter-harvested in the Czech Republic in 2007-2012. The body
mass and age of cvery animal were determined. Average mandibular Iength was determined at Iess than
130 mm in fawns and more than 153 mm in adult females. The greatest increase in mandibular length and
body mass of 24.8 mm and 5.3 kg, respectively, was observed in animals aged up to 4 years. In older roe
deer, mandibular length increased at a slower rate and remained fairly constant. Mandibular length
increased with body mass, and the cross-correlation coefficient was determined at 0.8255. The results of
this study indicate that mandibular length is a useful metric for describing the quality of roe deer
populations and individuals.

Keywords: craniometry, game management, individual development, morphometry, population

Introduction

The European roe deer (Capreolus capreolus) is a species with high levels of
morphological variation. Twenty-six subspecies of roe deer have been identified based
on phenotypic and geographic variations in roe deer populations (Mayr, 1942; Sempéré
et al., 1996). Differences in cranial measurements are significant determinants of inter-
population variability in the species (Kulak and Wajdzik, 2009) and other wild cervids
(Markov, 2014). Cranial dimensions are influenced by primary production which is
responsible for the isolation of local populations and differences in cranial morphology.
According to Stubbe and Passarge (1979) and Zedja and Koubek (1988), the body mass
of animals is directly linked with habitat productivity which is influenced by soil type,
vegetation, population density and ecotone length. Animals that forage on woody plants
have shorter and wider crania than animals that feed mainly on herbaceous plants
(Aragon et al.,, 1998). The mandible is one of the first bones in the body to ossify
(Hewison et al., 1996), and mandibular length in adult animals is determined mainly by
environmental conditions in early life.
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In wild animals, including game, the mandible constitutes interesting research
material because it does not have any economic value. Analyses of mandibular
measurements support the search for new parameters to describe variations in local
populations and the quality of their habitats (Sheremetyeva and Sheremetyev, 2008;
Hanzal et al., 2012; Mendoza et al., 2002).

The aim of this study was to investigate the relationship between mandibular length
versus the age and body mass of roe deer.

Materials and Methods

The study was performed on mandibles of the European roe deer Capreolus
capreolus that were hunter-harvested in the Zd'ar nad Sazavou District of the Czech
Republic in 2007-2012. Mandibular length was measured in 7560 roe deer, including
3888 females (does) and 3672 individuals aged up to 1 year (fawns).

Roe deer were hunter harvested in the Zd'ar nad Sazavou District, Jihlava county of
the Vysocina Region (Czech Republic) at the altitude of around 500 m above sea level.
The district has an area of 1579 km? (Misar et al., 1983). Water bodies occupy 2.9% of
the district’s area. Agricultural land and forests (where the animals were harvested)
have a similar share of the district’s area at around 49% and 41%, respectively (Czech
Statistical Office, 2014).

Mandibular length (mm) was measured between the zygomatic arch and incisor root
to the nearest 0.1 mm. The animals’ body mass (kg) was determined to the nearest 0.1
mm, immediately after harvesting (in the hunting site) and before evisceration. Potential
blood loss associated with hunter harvesting was not subtracted from body mass
measurements.

The animals’ age was estimated based on physiological features and the wear of
mandibular teeth (Lochman, 1987; Vach, 1993). Due to the extensive experimental
material (7560 mandibles), the age of the analyzed roe deer could not be determined
with the use of laboratory methods for organizational reasons.

The following variables were processed statistically:

¢ body mass,

¢ mandibular length,
* age,

e harvest date.

The data were expressed as means + standard error of the mean (SEM). The results
were analyzed statistically by one-way ANOVA, and the significance of differences
between groups was determined with Duncan’s multiple range test at a significance
level of P < 0.05. All calculations were carried out in the Statistica 10.0 program
(StatSoft, 2011).

Results

Average mandibular length was determined at less than 130 mm in fawns and at
more than 153 mm in adult females (7able I).

The greatest increase in mandibular length and body mass of 24.8 mm and 5.3 kg,
respectively, was observed in animals aged up to 4 years. In older animals, mandibular
length increased at a slower rate and remained fairly constant (Fig. 7).
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Table 1. Average body mass (kg) and mandibular length (mm) in fawns and does

Trait Fawns (n=3672) Does (n=3 888)
Average body mass 7.96 13.03
Average mandibular length 129.30 153.44
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Figure 1. Average mandibular length [mm] and increase in mandibular length [mm] in roe
deer aged to 12 years

The greatest difference in mandibular length was observed between 2-year-old
individuals and fawns, and it reached 18.28 mm on average (/ig. /). The noted
difference accounted for around 60% of the total increase in mandibular length in the
analyzed period of life. The observed difference was highly significant (7able 2).

According to estimates, the youngest animals were approximately 5 months old, and
the oldest individual was 12 years old in September of the first experimental year,
which suggests that the overall increase in mandibular length in the examined period of
life was approximately 30.4 mm.

Mandibular length increased with body mass (7able 2, Fig. I), and the value of the
cross-correlation coefficient reached 0.8255. Tt should be noted that body mass was
characterized by greater variations than mandibular length across the examined age
groups (Zable 2).

In females, average mandibular length was determined at 153.44 mm, and this value
was noted in hypothetical animals with average body mass of 13.03 kg, and average age
of 4.4 years (Zable I). In fawns, average mandibular length reached 129.3 mm, and it
was observed in hypothetical animals with average body mass of 7.96 kg, and average
age of 5-7 months.

The average mandibular length of fawns harvested in each year of the study was
analyzed (7able 2, Fig. 2). The measured parameter was higher in 2008, 2009 and 2012
than in the remaining years of the experiment.
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Table 2. Mandibular length (M1.) fmm] and body mass (BM) [kg] in differently aged [year] roe deer hunter-harvested in 2007-2012 (mean= SD)
A.B.CD-p0.0l: a. b.c.d-p=<0.05

Age <1 1 2 3 4 5 6 7 8 9 10 11 12
N 388 62 67 57 58 56 62 63 69 60 76 - -
2 ML 129.02A | 147.22B | I51.10B | 152.34B | 154.21B | 15491B | 154.88B | 15541B | 15631B | 154.42B | 157.21B B .
3 +3.27 =318 +4.01 +4.16 +4.46 +4.56 +4.62 +4.89 +4.93 +4.86 +4.92
BM 83A 11.0BC 13.2B 13.6B 13.6B 13.8B 13.9B 14.5B 13.2B 14.7B 15.2BD R .
+0.90 £1.11 +1.29 +1.31 £1.39 £145 | %151 £161 | +1.48 £1.57 1.4
N 665 63 68 58 60 74 63 64 71 74 51 12
1~ ML 130.41A | 149.42B | 151.61B | 153.04B | 154.41B | 154.15B | 154.51B | 155.21B [154.57B | 155.68B | 155.32B |157.09B .
2 +3.11 £3.15 +3.99 +4.12 5 +4.67 +4.57 +4.68 +4.87 +4.91 +4.86 +4.91
BM 8.7A 13.2B 13.4B 12.5B 14.4B 1328 13.4B 1368 | 134B 11.6B 1278 | 13.7B R
+1.01 =1.09 +]1.19 *1.16 +1.42 +]1.37 +1.41 +1.48 +1.42 +1.28 +1.31 +1.50
N 597 6l 58 55 75 56 6l 63 73 59 75 7
8 ML 130.44A | 144.12B | 152.08B | 154.22B | 154.56B | 155.71B | 156.48B | 156.49B | 156.82B | 156.69B | 157.37B [154.98B .
3 £2.99 =310 | #4.11 +4.21 £4.99 .66 | 468 | =457 | 469 £4.88 199 | 2482
BM 8.8Aa 11.2Bbe | 12.6B 12.4B 13.6Bd | 13.8Bd | 13.9Bd | 13.3Bd | 13.4Bd 13.3Bd 142Bd | 12.9B £
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Individuals that were harvested later in the year (December) and were, therefore,
older, were characterized by longer mandibles than fawns harvested in earlier months.
Mandibular length was approximately 10.6 mm higher in roe deer harvested in
December than in individuals harvested in September, and it was determined at 133.6
mm and 123.0 mm, respectively (7able 3, Fig. 2).

No significant differences in mandibular length were noted across the experimental

years.

Table 3. Mandibular length [mm] in fawns younger than 1 year in different months of the

experimental years
Year
Month
2007 2008 2009 2010 2011 2012
5 N 109 84 99 88 78 101
ept
. meantSD | 122.6+£2.92 | 123.6+2.61 | 124.4+£2.55 | 123.0£2.99 | 121.4+£2.74 | 123.4+2.77
B N 190 213 184 115 99 126
ct
meantSD | 127.3+2.61 | 127.3+2.66 | 128.5+2.99 | 126.6+3.01 | 126.0+3.22 | 126.4+2.97
- N 211 194 174 234 168 184
ov
meantSD | 130.3£2.97 | 131.8£2.99 | 131.5£2.99 | 131.4£3.10 | 131.2+2.98 | 132.2+3.12
- N 78 174 149 195 238 187
ec
meantSD | 132.7+3.11 | 133.9£3.10 | 134.1£3.05 | 133.2+£3.12 | 133.5£2.99 | 134.3£2.99
9 136
134
8,5
132
8
y 130 £
275 128 &
2 2
& 2
126 &
- 2
" 124
65 -123
122
6 120
X X Xi Xil
= Body weight = = = Mandibular length

Figure 2. Average body mass [kg[ and mandibular length [mm/ in one-year-old roe deer fawns
hunter-harvested in different months of the year
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Discussion

In animals, selected elements of the skeletal system are often used as retrospective
indices to describe bodily dimensions, physiological development and resistance to
seasonal changes in food availability (Zannese et al., 2006b). Slow bone growth
observed under unfavorable environmental conditions can be compensated for in
periods when food is more abundant (Bailey, 1984). Animal density, habitat quality,
genetic structure and climate are significant predictors of body size in ungulates.
Mandibular length can be an important indicator of physiological status in many cervid
species. Animals living in more supportive environments are characterized by more
developed maxillary and mandibular bones (Hoye and Forchhammer, 2006).

Waustinger et al. (2005) analyzed 29 mandibles of female roe deer from the Polish
region of Wielkopolska. Mandibular length was determined at around 132 mm in fawns
and 156 mm in adult individuals. In our study, the examined mandibles were shorter at
129.3 mm in fawns and 153.4 mm in adult females. The results reported by Wustinger
et al. (2005) could indicate that habitat conditions in the examined region were more
favorable for roe deer.

In our study, average mandibular length in female roe deer from Czech lowland
regions was more than 2 cm lower than that noted in does inhabiting the Prokletije
mountain range in Serbia, where this parameter was determined at 156.55 mm (Labus et
al.,, 2010). No significant differences in mandibular length were observed between
males and females. The average mandibular length of roe deer in Bosnia and
Herzegovina (not adjusted for gender or age) was also determined at 156 mm (Avdic et
al., 2013), which suggests that the above value is typical of Capreolus capreolus
inhabiting the Balkan region.

According to Zannese et al. (2006a) and Dvorak et al. (2002), the highest rate of
mandibular growth is observed in the first 5 years of life. Similar observations were
made in our study of roe deer from the Czech Republic. Mandibular length increases
most dynamically in the first year of life, after which, this parameter increases annually
by around 1 cm on average until the age of 4 years. Similar results were reported by
Vach (1993) who observed the highest rate of mandibular growth in roe deer in the first
2 years of life.

An analysis of an increase in mandibular length in all examined individuals (aged 1
to 12 years) yielded similar results to those reported by Andéra & Horacék (1982) in
whose study, the evaluated parameter increased from 142 mm to 164 mm. In our study,
average mandibular length in all roe deer was determined at 151.71 mm, and it
increased from 129.27 mm in fawns to 147.56 mm in one-year-olds to 162.51 mm in
12-year-olds. According to Hrabe and Koubek (1991), the greatest increase in cranial
length is observed between 11 and 39 months of age.

In does, mandibular growth is completed at 4 years of age. In cervids, this parameter
is correlated with other, apparently unrelated physiological functions, such as fertility.
Animals with better nutritional status and higher body mass reach puberty earlier, and
the probability of ovulation in does exceeds 0.95 when mandibular length reaches 130
mm. The population of one-year-old females that had calved was higher in habitats
where food was more available. In does aged 1 to 7 years, age, body mass and
mandibular length were significantly correlated with fertility. Fertility was most highly
correlated with mandibular length (Gorecki et al., 2014; Bertouille and Cromburugghe,
2002).
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A study investigating the influence of environmental factors on the mandibular
length of roe deer in the Italian region of Belluno produced highly interesting results.
Differences in mandibular length were determined in animals inhabiting northern and
southern parts of the region. The studied locations are marked by considerable
differences in altitude (167 m above sea level in the north, and 3327 m above sea level
in the south) which influence the local climate and flora. In fawns (younger than 1 year)
inhabiting the southern part of Belluno, average mandibular length was determined at
128.8 mm in 1990-1995 and 127.7 mm in 1996-2001. In the northern part of the
examined region, the value of this parameter reached 123.6 mm and 123.9 mm,
respectively. The average mandibular length in one-year-old males was determined at
153.3 mm in the south and 150.00 mm in the north. The analyzed parameter in 2-year-
old bucks reached 157.4 mm in the south and 154.0 mm in the north, and in 2-year-old
does — 156.1 mm in the south and 153.0 mm in the north. The above results indicate that
the southern part of the Belluno region is characterized by a more supportive
environment for roe deer. The observed variations in mandibular length were cross-
referenced with the density of roe deer populations in the studied areas. Animal density
was higher in the north (0.44 animals per km?), and it decreased towards the south (0.33
animals per km?®). These results indicate that the density of animal populations also
influences mandibular length (Zannese et al., 2006b).

In the present study, the average mandibular length of fawns (up to 1 year of age)
from the Czech Republic was determined at 129.2 mm, and was higher than that
observed in Italian fawns. In older animals, the rate of mandibular growth was slower in
Czech than in Italian roe deer. One- and 2-year-old individuals from the Czech Republic
had shorter mandibles than Italian roe deer living in less favorable environmental
conditions (145.7 mm and 151.1 mm on average, respectively). Our findings point to
limited availability of food, high population density, a different genetic pool as well as
differences in ecotype.

The results of our study and literature data can be used to develop a new strategy
for monitoring the quality of local populations of European roe deer. Seasonal
variations in bone size within one subpopulation are correlated mainly with
environmental factors. Bone growth is most highly correlated with climate and
population density. The body mass of fawns in winter, mandibular length in adult roe
deer and foot length are most highly correlated with population density. In cervids,
foot bones begin to grow rapidly immediately after birth, and their growth is
completed relatively early, which is why this parameter is sensitive to environmental
conditions. The length of hind feet varied across regions and was lower in areas
characterized by lower availability of food, less supportive habitats and higher
population density, regardless of gender (Zannese et al., 2006a).

Conclusions

The results of this study indicate that mandibular length can be a reliable and easy to
measure indicator of the quality of individual roe deer and, indirectly, roe deer
subpopulations. The mandibular length and body mass of roe deer can also be robust
bioindicators of habitat quality. Both parameters can be used in practice by wildlife
specialists and practitioners responsible for managing free-living deer populations.
Further, detailed research should be extended to include other species of game and
protected mammals.
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5.4.2. What does the mandible say about wild boar: Ontogenetic development,
sexual dimorphism and habitat preferences
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Abstract: Wild boar (Sus scrofa L.) is one of the most discussed game species, distributed across Europe, therefore the
management of this species is considered important. This management should be based on data presented, population
quality and preferences and craniometric dimensions show the development of the individual and its prosperity. A sam-
ple of 148 male and 153 female wild boar mandibles was studied to compare differences in craniometric measurements,
especially to find out wild boar environmental demands and population trends. The width of the caput mandibulae and
angle of the mandible showed significant difference between males and females. Measurements analysed with forest
area size and other data also showed that larger craniometric dimensions were reached in hunting arcas with at least
200 ha of forested area, which may be due to the wild boar’s need for safety and vegetative cover in the first months
of piglet development with respect to its home range. 'The development of young wild boar is dependent on rest and
shelter in the first months of life. A forest cover of at least 200 ha appears to be sufficient in this respect. Information
on habitat preferences and individual development can lead (o improvements in wild boar management.

Keywords: home range; wildlife management; growth; craniometry; spatial ecology

Wild boar (Sus scrofa) is one of the most adapt-
able animals, and despite some adverse eflects,
population density is increasing (McClure et al.
2015). Given the impact that the wild boar has
on the current agricultural landscape is often
a species of concern, the damage it causes in both
agricultural arcas and forests is not negligible (G6-
mez et al. 2003; Calenge et al. 2004; Schley et al.
2008). Duc to its widespread distribution across
Europe, the growing population (Neet 1995; Fe-

ichtner 1998) and the intolerable damage to agri-
cultural crops (Geisser 2000; Geisser, Reyer 2004)
itis necessary to find ways of suitable management
that will be based on detailed knowledge of the
species. Mandible is a representative sign of good
physical development of the individual, it can
be noted that the size ol the mandible correlates
directly with the individual’s weight (Mitchell,
Brown 1974; Mitchell et al. 1976; Staines 1978;
Suttie, Mitchell 1983; Groves, Grubb 1993; Genov

Supported by project IGA Craniomelric variability in the wild boar population (Sus scrofa I..) in the Vysocina region
(No. A15_18), Grant from the Ministry of Education, Youth and Sport of the Czech Republic.
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et al. 1995; Moretti 1995; Oberez 1996; Brudnicky
2005). Weight is one of the indicators of physical
vitality and can thus provide information on the
condition of the individual, the whole population
and its development (Sprem et al. 2011). Weight
is also one of the limiting factors for the birth
of young females, usually reported as a threshold
weight of 30 kg (Gethoffer et al. 2007; Servanty
et al. 2009). 'Lherefore, it could be a useful tool
for wildlife management because it may reflect
the population quality and its development can
be significantly influenced by habitat conditions,
such as food supply, shelter, climate and others
(Hennig 1981; D¢ Crombrugghe et al. 1989; Hewi-
son ct al. 1996; Lentle et al. 2000).

'Lhe prosperity of the wild boar is mainly af-
fected by the environment (Knyazev et al. 1985;
Randi et al. 1989; Genov et al. 1995) and food
supply (Briedermann 1990; Okarma et al. 1995;
Feichtner 1998). The original habitats for wild
boar were warm, deciduous forests in the low-
lands but through time, wild boar have adapted
to mixed and coniferous forests. 'These play an es-
pecially important role in the sexual maturation
of individuals (Ostfeld, Keesing 2000) and, in par-
ticular, for the synchronization of piglet rearing
(Maillard, Fournier 2004). Wild boar is an oppor-
tunistic omnivore and it is dependent not only
on woody plants. Its food sources are dependent
on space and time with regard to current agricul-
tural practices and overproduction (Herrero et al.
2006), suggesting that the individual components
of a wild boar diet are the result of the ecological
characteristics of its environment, agriculture and
oversupply. Food supply also depends on the size
of a home range. Sex, age and population density
affect the home range size (Sanderson 1966; At-
tuquayefio et al. 1986; Litvaitis et al. 1986; Ostfeld
1990). A wild boar’s home range can also be in-
{luenced by hunting pressure (Jancau, Spitz 1984).
‘Lhe size of the home range is between approxi-
mately 1.1 and 7.7 km? (Diong 1982; Boitani et al.
1994; Gabor et al. 1999; Gaston et al. 2008; Keuling
et al. 2008; I'riebel, Jodice 2009), wild boar in Poland
shows 240 ha (Podgérski ct al. 2013). In day hunting
areas, the home range is larger than in night cull-
ing arcas, without scasonal effects (Fattebert ct al.
2017). In general, males have larger home ranges
than females (Keuling et al. 2010). In agricultural ar-
cas, the home range of the pig is smaller than in for-
est-dominated areas (Herbst, Keuling 2014), with
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the smallest home ranges occurring in areas poor
in food supply and shelter (I’Andrea et al. 1995;
Keuling et al. 2008). Their daily movement area in the
lowlands is between 60.3 ha-day ! and 112.5 ha-day *
and from 113.5 ha-day ™' to 125.2 ha-day" in high, hilly
regions (Janoska et al. 2018).

The current management of the wild boar does
not meet the general concept of species control
and disproportionate agricultural damage caused
by them, hunting is currently influenced by ASF
(African swine fever). The purchase of mandibles
from hunters of mostly young individuals is used
as a means of motivation in the Czech Repub-
lic. In order to successfully reduce the damage
to farmed areas, social structures must not be dis-
turbed and management of this species should
not be practiced only as a form of accidental
hunting. The individual’s prosperity and its full
development are important aspects of a healthy
population.

The aim of this study is to describe the depen-
dence of craniometric variables on an individual’s
condition by weight and, hence, wild boar popu-
lation quality. A partial aim is to prove the effect
of habitat preferences on the quality of the popu-
lation through the measured craniometric di-
mensions of the mandibles of wild boar and the
representation of forested and agricultural areas
in individual hunting arcas.

MATERIAL AND METHODS

Study area. The Vysocina region occupies a cen-
tral position within the Czech Republic. The average
population density is 75 inhabitants per km?. The
total area of 6 796 km? consists of 29.8% of forests
(202.7 ha), a woody species is spruce (73.2%), fol-
lowed by pine (10.9%), larch (3.1%) and fir (0.9%).
Of deciduous trees, beech (3.6%), oak (2.3%), al-
der (1.8%) and birch (1.4%) are the most {requently
represented tree species. 'Lhe proportion of coni-
fers increases significantly with altitude, so a high-
er proportion of deciduous trees is found mainly
at lower positions or along watercourses. Vysocina
is located in a temperate climate zone, with the av-
erage annual temperature reaching 6-8 °C and the
average rainfall ranging from 500 mm to 800 mm.
In this region, there are more than five hundred
hunting areas. In 2016, a total of 11 616 wild boar
individuals were hunted, 1.7 individuals per km?.
The wild boar mandibles that were measured
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Table 1. Characteristics of individual districts

Lowest-highest , . ot

Agricultural Wild boar

or ation Coniferous Deciduous
District Area A((l':li?‘;’e Relief altitude ¢ ¢ area hunted
(mals.) (%) in 2016
Pacov 234.61 ) 30.0 91.1 Vi 1367
Pelhfimov Pelhfimoy 82742 MEMaRd 440 6s 29.3 88.7 gy AU gy
rugged mountain 2.8
Humpolec  228.03 31.0 88.1 11.2 378
i Tel¢ 29134 highland, 00 oo 31.0 87.8 111 potato92.4; 1654
Jihlava 916.89 rugged ) 30.7 87.3 11.5 mounlain 7.6 664
Moravské 2 . p
Budiovice 414.02 highland, 24.1 78.9 20.1 —— 649
S—— lowland 239-711 Ilm oot
[Hebi€ Nam&tnad 1150 in the . 32.8 63.2 354 SOt g
Oslavou ssiith mountain 0.5
Ttebid 837.45 26.3 80 18.1 1631

came from three districts — Pelhfimov, Jihlava and
Trebi¢ (Table 1).

Samples. The studied mandibles come from
young wild boar hunted in the Vysocina region
from 2016 to 2017. All individuals were hunted
as part of standard game management by hunters
with valid hunting licenses and permits required
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for hunting in the Czech Republic. 'The animals
were not hunted for study purposes. The overall
dataset included 1 135 samples of mandibles used
for ontogeny development and Pla (first premo-
lar) occurrence analysis. Ior additional analysis,
asubset of 301 wild boar mandibles with complete
determination of age, weight and sex of the indi-

Tigure 1. Craniometric dimensions of the mandible

AHR —aboral height of the vertical ramus from the lower part
of tuberosistas musculi mandibulare to the top of the caput
mandibulae; BCP — width of the mandible between the bor-
ders of medial and lateral points of the caput mandibulae;
BI — width of the arcus alveolari at pars incisiva, from the
border of jugum alveolarei3; BM — width of the mandible from
septum interalveolare at m;; BML — width of caput mandibulae;
HG — height of the mandible from the bottom of symphysis
mandibulae to the top of the margo interalveolaris; HI — dis-
tance between the middle of arcus alveolaris incisiva and fixed
pad; HM, — height of the mandible at septui interalveolare m,;
1R — middle height of the vertical ramus from the lower part
of tuberosistas musculi mandibulare to the top of the incisura
mandibulae; 1A — length from the front part of pars incisive
to anteriot-most point of collum mandibulae; LBM — least width
of the mandible; LC — length from the front part of pars incisive
to anterior-most point of processies condylaris; LR —width of the
mandible between ramus mandibulae and angulus mandibulae;
LS — length of symphysis mandibulae; OHR — oral height of the
vertical ramus from the lower part of tuberosistas musculi man-
dibulare to the top of the processus coronoideus; TM — thickness
of the mandible septum interalveolare of m
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vidual was included. 'There was a total of 148 male
and 153 female mandibles, aged between 1 and
16 months. These individuals were from the de-
scribed districts — Pelhiimov (89 samples), Jihlava
(92 samples), Ttebi¢ (120 samples).

Measurements. 'The mandibles were measured
using a Kinex 6040-02-300 digital calliper (KINEX
Measuring s.r.0., Czech Republic). Before each mea-
surement, calibration was performed and each
measurement was made twice to increase the accu-
racy of results. Measurement accuracy given by the
manulacturer varied between 0.02 and 0.04 mm,
depending on the object size being measured. A to-
tal of 16 craniometric dimensions were measured,
based on the measurement work of Endo et al.
(2002) (Figure 1). One of the dimensions measured
was to determine the mandibular slope in the in-
cisor part. Dimensions were measured on the left
side of the mandible.

The age of the individual was always determined
by the same researcher based on the dental de-
velopment table created by Kolér (2002). Given
that it is not possible to estimate exact age based
on dental development, age categories have been
created to determine the age more accurately
('lable 2).

We also registered the weight of the animal (dressed
— without head and legs, stated by the hunter), date
of the hunt and hunting arca for each hunted
specimen. The size of the forest, agricultural and
water areas were found from basic data on the lo-
calities/hunting arcas, which arc managed by the
regional authority. For agricultural land, catego-
ries of up to 200 ha, 200-500 ha, 500-1 000 ha
and over 1 000 ha have been created. For wood-
land, categories of up to 200 ha (113 individu-
als), 200-500 ha (97 individuals) and over 500 ha
(96 individuals) were selected. 'The forest area was

Table 2. Age calegory — Distribution of mandibles into
age categories according to the individual’s age in months

Age category Age (months)
1 0-3

2 1-6

3 7-8

4 9-10

5 11-12

6 13-14

7 15-16
64
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calculated as the sum of all forest plots, it did not
comprise only continuous forest complexes. The
hunting pressure was based on statistical data from
every year hunt.

Statistical analyses. One-way analysis of vari-
ance, including Tukey’s HSD post hoc tests, was
used to cvaluate differences between age classes
and factorial analysis of variance to test interac-
tions. 'The testing of ontogeny of the craniometrical
dimensions was done without sex differentiation,
because there were no significant differences be-
tween males and females. Pearson correlations
were used to evaluate the influence of the forest
size on sclected dimensions. Additionally, multi-
variate procedures were used to explain variance
in our data. Principal component analysis (PCA)
was used to reduce the dimensionality of data,
while interactions between dimensions and envi-
ronment (forest area size, agricultural area size,
hunting pressure) were tested by this analysis.
All tests were conducted using Statistica (Ver-
sion 14.0, 2020) and the results were considered
significant when P < 0.05.

RESULTS

Ontogeny of mandible dimensions. The man-
dibular width BCP (width of the mandible be-
tween the borders of medial and lateral points
of the caput mandibulae) and the mandibular
length LA (length from the front part of pars in-
cisive to anterior-most point of collum mandibu-
lae), LC (length from the front part of pars incisive
to anterior-most point of processus condylaris)
were increasingly significant (P < 0.001) in all
age categories. The mandibular width (BCP) sig-
nificantly increased during the first cight months
(P < 0.001) in all age categories. Then the following
increase of the dimension is not significant till the
age of 15 months. The final age category showed
a significant increase (£ = 0.03). 'Lhe mandibular
width increased with the age of the individual. The
mandibular width (BCP) was 66.03 + 2.04 mm
(mean * ST) in piglets up to 3 months of age,
and the width of those at 4-6 months of age was
83.40 + 0.60 mm. It was both the first and the
sccond age category (0-3 months, 4—6 months)
that had the largest increase in mandibular width
by 17.37 mm in the recorded period. The mandibu-
lar width increased by 36.8 mm up to 16 months
of age (Figure 2).
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habitat conditions, hunting pressure). ‘Lhe first two
principal components explained 80.3% of variation
(Iigure 4). 'The second principal component, which
explained 20.9% of variation, correlated with fe-
males and the presence of Pla premolars while the
first principal component correlated with all other
measurements. LC and LA mostly correlated with
the first component (r = 0.11) while sex correlated
with the second component (r = 0.14). Contribu-
tion of all other measurements correlated with the
first principal component was similar between all
of them.

Then it was tested whether these principal com-
ponents differed between males and females.
The first principal component did not differ
(ties = —1.15, P = 0.48), while a significant dif-
ference was found in the second principal com-
ponent (¢, = —1.3, P < 0.001) (ligure 4). Pla is
a temporary tooth that grows based only on the
proportion of individuals. In our study, it was
shown that this premolar occurs in 83% of indi-
viduals. This larger sample (N = 1 135) included
mandibles of individuals without sex determina-
tion. The smaller sample group shows that the Pla
tooth is mostly missing in males. The occurrence
of Pla is more frequent in female than in male in-
dividuals, in percentage 94% of females and 75%
of males have this tooth.
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Habitat influence. 'Lhe influence of landscape
type on mandible morphology was tested. The
size of hunting areas, agricultural areas, and water

o 0 Male
: @ Female

Figure 3. Scatterplot of BML, I1G and angle of the mandible
in dependence of sex

BML - width of caput mandibulae; HG - height of the
mandible from the bottom of symphysis mandibulae to the
top of the margo interalveolaris
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Figure 5. Principal component analysis of forested areas and craniometric dimensions

LP1 - forest area size < 200 ha; LP2 — forest area size 200-500 ha; LP3 — forest area size > 500 ha; for abbreviations of cranio-

melric dimensions, see Figure 1

bodies was also tested but without significant re-
sults. 'The potential influence of the absolute for-
ested arca size was tested instead of the relative
one. The measurements indicated that individuals
from localities containing at least 200 ha of forest
had a highly positive correlation. It means that the
mandibles of such individuals showed higher mea-
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surement values than those (rom individuals with
less forested areas (Figure 5). 'The first two princi-
pal components explained 72.4% of variation. Such
influence was also confirmed by significant corre-
lations of some measurements with respect to for-
ested area sizes (Table 4). The hunting pressure was
also tested without significant results.
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Table 4. Correlations of craniometrical dimensions with
forested area size

Dimension r P-value
BCP 0.422 0.001
BM 0.353 0.008
™ 0.362 0.007
LBM 0.439 0.001
BI 0.340 0.011
LC 0.369 0.006
LA 0.376 0.005
HG 0.430 0.001
1 [M1 0.375 0.005
OHR 0.327 0.015
MHR 0.414 0.002
AHR 0.369 0.006
LR 0.420 0.012
BML 0.385 0.004

for abbreviations of the craniometrical dimensions, see
Figure 1

DISCUSSION

Craniometry has not reached its limits yet, and cur-
rent studies show that other features and dimensions
can be found that suggest a lot about an individual’s
life. One of the basic findings is that the skull and
mandible show sexual dimorphism. Diflerent body
sizes of males and females confirm the basic sexual
dimorphism (Pérez-Barberia et al. 2002). Body size
is also associated with skull size, which in the condy-
lobasal length is 4.7-11.2% larger in adult males than
in adult females (Groves, Grubb 1993; Genov et al.
1995; Moretti 1995; ). The sexual dimorphism of the
wild boar’s skull is pronounced in adults, mainly due
to different shape of the canines which are larger
in males (Herring 1972). It is the placement of large
canines that requires more mandibular space, when
the height of the mandible from the bottom of the
symphysis mandibulae to the top of the margo inter-
alveolaris is reaching higher values for males than for
females, as well as the angle of the mandible in the
incisor part is smaller in males than in females. This
is a sign of the mandible adaption to the tusks grow-
ing in the future. The tooth growth starts during the
embryonic development (Tucker, Sharpe 2004); this
fact explains that it is possible to observe differences
between males and females also at a very early age.
At the same time, the occurrence of Pla indicates
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sexual dimorphism on the mandible. 'lhe perma-
nent dentition of the wild boar has 44 teeth, dental
formula 3143/3143 (Thenius 1989; Hespeler, Krewer
2007), characterized by unstable growth of one of the
Pla premolars (Kolaf 2002; Hespeler, Krewer 2007).
In wild boars, dental anomalies are more common
than in domestic pigs, most often olygodontia, poly-
dontia, and various types of rotation (Feldhamer,
McCann 2004). Anezaki et al. (2008) recorded the oc-
currence of the Pla on average in 59% of the individu-
als around the Japanese Islands, in our case it seems
that 83% of individuals have this tooth. The dimor-
phism in the occurrence of P1a, when the occurrence
is lower in males in females, is also connected with
the massive canine teeth of males.

'lhe size of the mandible is one of the dimensions
correlated with weight, and with good development
there is also a regular growth of the mandible (Wolf
1995; Oberez 1996). Distress, stress, or lack of food
in the first months of life can cause growth retardation
or cessation, which will affect an individual’s future
life and can also shorten the life (Mctcalle, Monaghan
2001; Hamel et al. 2016). During winter, and short-
ly after it, the role of forest ecosystem is to provide
a good base for healthy piglet development in peace,
with source of food and shelter (Baubet et al. 2003;
Melis et al. 2006). Most of the piglets from our study
(58%) were born between February and March, which
is usually the time of the year when there are no crops
to provide shelter, so forested arcas are the only places
to offer quiet and safe spaces. It was found that man-
dibles from individuals living in localities with larger
forested areas (categories 200-500 ha and more than
500 ha) showed higher measurement values than
those from less forested areas. These larger forested
areas probably offer better shelter possibilities than
ficld arcas, which is crucial during the first few months
of life as tranquillity can positively influence develop-
ment of the young individual. Wild boar prefers forest
stands even during the growing scason of agricultural
crops, even in a situation when they are ASI’ positive
- most of the carcasses were found in forests (Cukor
et al. 2020). The first months of life are very impor-
tant for piglet healthy development with any frequent
disturbances and higher stress levels increasing the
possibility of lower food intake, and thus reduc-
ing milk production in females (Mullan ct al. 1992;
Black et al. 1993). Piglets raised in enriched environ-
ments are losing a maximum of 0.04 kg-day ! whereas
piglets raised in standard environments are losing
0.11 kg-day™' (Brajon et al. 2017). The home range
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size can be influenced by food, anthropogenic influ-
ences, or seasonal changes (Singer et al. 1981; Mail-
lard, Fournier 1995; Calenge et al. 2002). Wild boars
are mostly nocturnal animals and rest during the day
in forested areas within their home range at an acre-
age of 1.1 km? to 3.9 km? (Boitani et al. 1994). 'The
mean activity range of wild boar observed in Sweden
was 104.4 ha (Lemel et al. 2003), in Switzerland the
wild boar home range was on average 400 ha, with
no seasonal effect (Fattebert et al. 2017); Maillard and
Fournier (1995) found that from January to April, the
home range of wild boar females in France was 395 ha
versus the home range from May to August being
around 200 ha. Home ranges were found to be larg-
er in animals living in family groups (Keuling ct al.
2008).

CONCLUSION

Craniometric dimensions are among the impor-
tant indicators of an individual’s healthy develop-
ment. Duc to the fact that craniometric dimensions
positively correlated with the age of the individual,
it is possible to monitor the development of an in-
dividual from the first weeks of life to adulthood.
‘lhe populations living in larger forested areas
(with at least 200 ha of forest) achieve higher cra-
niometric values than those in smaller forested
arcas. Higher craniometric values are positively
correlated with the weight of an individual, which
indicates a vital and healthier population. For piglet
healthy development, it is necessary to have a food
source from mother and milk production that may
be influenced by distraction and following stress
for the animal. Thanks to sufficient forested areas
which provide enough peace and rest for mothers,
piglets can grow and prosper normally in their first
months of development. According to other stud-
ies this size (200 ha) is a lower limit for the home
range of wild boars, especially of females.

'Lhe craniometric dimensions provide important
information about the development of the individu-
al, from which it is possible to draw constantly new
information. Such data can be a tool for population
monitoring and subsequent adjustment of the ap-
propriate management of feral pigs for a given area,
which is currently more than desirable.
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Abstract

Sika deer is widely spread species, in Czech Republic mostly occurred in West Bohemia. This species is defined as
one of the most harmful ungulate game in the forests. For the wildlife population of sika deer in the microregion
Konstantinolazensko inWest Bohemia, total weight after the hunt, weight after expelling organs, weight of the head
and distal parts of the limbs, and weight of the internal organs (heart, lung, liver, spleen, kidney) were determined.
Correlations between the weights of specific body parts (organs) were evaluated. Ratio between the weight after
expelling organs (after gralloch) and the weight after hunt (total weight) was determined. The weight after expel-
ling organs was 74% of the total weight. Morcover, a positive correlation was found between the age and weight of
individuals, and between the male age and the weight of the head. Without taking into account age differences, we

show that males have a higher body weight than females, a form of sexual dimorphism.
Key words: sika deer; venision; dressed body weight; organs weight; gralloch, trophy

Editor: Bohdan Kondpka

1. Introduction

In recent years, game damage in the Pilsen and Karlovy
Vary regions has reached the highest values in the whole
Czech Republic. In 2004 the Karlovy Vary region with
more than CZK 9 million of damage, the Pilsen region
was the third amongthe regions 2002 with CZK 7.4 mil-
lion. The highest damage was found in dominant tree
species, i.e. in spruce and pine, damage to other trees
is negligible in absolute numbers. In the sum of all the
trees, the most frequent damage was the reduction of
the growth by bark pecling and browscing. High dam-
age to very young spruce stands is probably due to their
relatively high surface area, very low yields of honey-
suckles and high deer stays. Deers are simply forced to
implement their food needs virtually wherever possible
(Dvofak & Cermak 2008).

Game hunting is used as a management technique,
forexampleto control population size and improve popu-
lation health and quality. [t may represent an effective
tool for prevention to game damage to forest stands and
helps to harmonize interests of both hunting and for-
estry communities (Kondpka et al. 2015). At the same

time, game meat is gaining popularity for human con-
sumption. Game has historically made a certain share
of consumed meat for human being. In recent years,
some recovery in game meat consumption has been
observed. All edible parts of wild game, not only muscle,
but also edible intestines, fat, bones and meat products,
are considered to be venison. If we process commonly
used parts such as intestines, stomachs, pre-jaws, etc.
for further consumption, they will also be considered
as game (Adamkové & Stochova 2011; Salakova 2014;
Winkelmayer 2005).

Sikadeerisdirectly associated with increasing popu-
lation and can be linked to damaged forest habitat. Sika
deer are also a highly adaptable species, which are often
hunted for their meat and taken as trophies. The popu-
lation is increasing, that means also increasing hunting
of this species. Sika deer have been documented in the
Czech Republic since 1891, when it was brought into
Kluk deer-park by Podébrady (Kokes 1970; Rakusan
1988).

Introduction of this species into a non-native habitat
may changeits weight parametersasa part of adaptation
to novel environments, such as the type of home range

*Corresponding author. Kldra Kosinovd, e-mail: kosinovak@fid.czu.cz

Unauthenticated
Download Date | 2/10/18 1:15 PM



V.Hanzal et al. / Cent. Eur. For. J. 64 (2018) 16-23

resource availability (e.g. food). Dressed-whole body
weight relationships should be site- and season-specific
to obtain unbiased estimates of whole body weight
because of season, geographic variation in morphology,
and nutritional state (Jones et al. 2008). For example,
rocdeer (Capreolus capreolus) in Western Poland shows
higher carcass weightin the arcas dominated by plough-
land compared to areas dominated by forest (Janiszewski
ctal. 2011).

There are few different studies about sika deer weight
in regions across the Czech Republic. In the Bouzovsko
region, in the former breeding area of sika deer, the aver-
age weight of fawns is 15.3 kg, the average weight of the
doe is 26.4 kg, the deer under 4 years weighs on average
39.1 kg, and the average weight of adult deer is 42.7 kg
(Babicka etal. 1977). Other sources show, that the male
fawnsweighed 15.1kgand thefemale fawnswere 13.6 kg.
Doeaged 1.5 yearsweigh 20.9 kg, attheage of 2 —4 years
weighed 23.8 kg, and deer >4 years weighed 26.4 kg. The
average weight of spikeswas 28.1 kg, deer older than two
years weighed 35.2 kg, three years 39.7 kg, four years
42.3 kg, deer under 8 years 45.1 kg, and deer older than
8yearsweighed 50.7 kg (Husak 1986). The weight of the
newly born fawn was in the range of 4.7 — 7 kg and after
half a year they ranged from 25 — 35 kg. The weight of
the gralloched deer is about 40— 60 kg (Jitik et al. 1980).
The population of sika deerin the district of Pilsen North
(weighed after expelling organs, deer without head and
doe and fawns with head) shows the average weight of
the fawnswas 15.7 kg, the average weight of the hind was
23 kg, thefour-year-old hinds were 24 kg, and deer older
than four-year-olds hind weighed 28 kg. The weight of
deerolderthaneightyearsis42.7 kg (Husaketal. 1986).

£

In the area of Litovel after World War I1 two sizes and
colour differences in sika deer were described. Larger
and darker fawns weighed 16 — 20 kg, hinds 25 — 30 kg
and adult headless deer more than 50 kg. The smaller,
lighter character is represented by fawns 13 kg, 25 kg
hinds weight, deer weighing 40 kg (Wolf 1999).

In addition, because trophy hunting it is also very
important to know the weight of male sika deer head
with antlers. Body weight and size, in turn, influenced
mincral composition of the antlers of Iberian red deer
in Spain (Landete-Castillejos et al. 2007). The weight of
the head with antlers is 3.4 kg that is 6.6% of the total
weight (Husak 1986). Antler weight of pampas deer
(Ozotoceros bezoarticus) is increasing with increasing
body weight, which isbody weight greater in adult males
than in males younger than 3 years old (Ungerfeld et al.
2011).

It is also important to understand the difference
between the weight of live individual and the weight
of individual afterexpelling organs, i.e. gralloch (Rajsky
ct al. 2013) for the meat production and processing
industry. The average weight of the ungralloched fawns
from [.Z Manétinis 26.4 kg, gralloching weighed 17.5 kg,
which is 66.2% of the original weight. The weight after
expelling organs was 66.4% of total weight. The weight
of the deer was 66.1% versus the ungralloched weight
(Husak 1986). Zima (1986) shows a weight loss of 28%
in the fawns, the gralloched body has 72% of the origi-
nal weight, the gralloched hind has a 74% of the weight.
The weight of the gralloched body without the head was
65% of the live weight of the fawns regardless of sex, the
hind and the deer had 69% of the original weight after
being gralloch and without the head. Gralloched hinds
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Fig. 1. The extension of the sika deer (Cervus nippon nippon) in the Czech Republic — full colored circle means higher density of oc-
currence, outlined circle lower density of occurrence (Andéra & Gaisler 2012). The bold frame indicates the Konstantinolazensko

microregion.
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in the winter season had 70.2% of weight before being
gralloched, in the summer season was 64.5% of the total
weight of the body. Gralloched deer was found to have
a 71.9% share compared to ungralloched in the winter
season, with summer hunting being 71.6%. The differ-
ence between the summer and winter seasons of the deer
is not statistically conclusive and after rounding the two
seasons can be averaged to 72% (Feldhamer et al. 1984;
Husak 1986; Zima 1989).

Most studies deal with comparing the weight and
age (Babickactal. 1977; Husak ctal. 1986; Handk 2015;
Heroldova & Zejda 2002; Janiszewski et al. 2009; Jitik et
al. 1980; Marik 1995; Wolf 1999), sex (c.g. Jezek et al.
2016; Lochman 1993; Handk 2009) and other param-
ctersbut there are no studies about particular weights of
the organs. Information about the weight of the organs
and cach part of sika deer body are still missing and are
very important for the game processing.

The body weight of the individual is directly depend-
ent on the food offer. Therefore information about the
weight of the individual indicates amount of food needed
by the individual animal or the entire population in the
given ared.

The aim of this study was to document the weight
of the game (in particular Cervus nippon nippon) before
the shooting, after gralloch and after the game has
cooled. Morcover we intended to find the basic differ-
encesbetween these variables, the percentage ratio of the
weights, the relationship of these weights and the infiu-
ence of some aspects on the weight of the individual or
theweight of the individual s body parts. Weight depend-
enceon the individual’s age as well as weight dependence
on the sex were expected.

2. Material and methods

In order to obtain the data, 63 individuals of sika deer
hunted were weighed. All game was hunted in the north-
westedge of the West Bohemia, in the Konstantinolansko
microregion, Czech Republic, at the border of the Plzen
and Karlovy Vary regions (Fig. 1). Sika deer game were
hunted on individual huntsand one common huntin the
2016/17 hunting season.

Two digital scales were used to obtain weight data,
both used simultancously. The first is the KERN HCN
200K5001IP suspension weight with a maximum weigh-
ing capacity of 200 kg and an accuracy of 50 g, this weight
was used to weigh the whole pieces hunted before and
after the gralloch, and for weighing game after it has
cooled down. Second, the Dahongying ACS-40 station-
ary weight with a maximum weighing of 40 kg and an
accuracy of 5 grams, it was used for the weight of the
internal organs, the head, and the distal parts of the limbs.
The simultaneous use of both scales was necessary espe-
cially for the low accuracy of the weighing instrument,
which would notbe able to obtain the exact weight of the
individual organs while being blocked by the gralloch-
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ing game. The used stationary weight was also accurate
enough to gain the weight of the smaller organs weight
(the kidneys, spleen and hearts often did not weigh more
than 0.5 kg), however, the weighing of whole pieces
under 40 kg was not able (weighing capacity) due to its
small loading area.

Internal organs were weighed even if they were dam-
aged byshooting unless theywere almostdestroyed. Most
commonly weighed damaged lungs and liver, the least
damaged were the kidneys. Heart weight was recorded
without a crust (a blood clot in the heart cavities) and a
pericardium. The lungs were weighted without trachea
and esophagus. The renal weight is given simultancously
in both kidneys without a protective fat capsule. The
spleen was weighed without fat, and no part of the atro-
phy wasvisible. Live weight or total weight is the weight
of the game after the hunt, including the head and distal
partsofthelimbswith onlylossof part of theblood caused
by the shot. The weight after expelling organs (grallo-
ched) is reported after the gralloch, including the head
and distal parts of the limbs. Chilled mass isthe weight of
the gralloched piece without the head and distal parts of
the limbs, weighed 12 — 24 hours after expelling organs.
The weight of legs is the weight of all four legs simulta-
neously. The weight of the head is also reported for the
individuals affected of shoot in it, including the antlers,
tongue and the last bite (small brunch). The percentage
is calculated from live weight, excluding weight loss by
cooling, which is calculated from the weight gralloched
after deduction of head mass and legs.

The wild game was gralloch as soon as it was hunted
and taken to the place of weighing, except for one deer
(found the next day), the game was weighed within 2
hours of its hunt.

After arriving at the weighing area, the hunted game
were cut across both Achilles’ tendons to place a spacer
shall. First, the weight was placed on the hinge of the
winch, then the spacer shall was tarred. The game was
hung upsidedownbchind Achillestendon, then pulled up
withawinchandweighed to obtain alive weight (exclud-
ing only blood lost by the hit). First, the neck was cut
off ventrally from the chest to the head (cranial), after
that, the thoracic cavity was opened by ca. 3/4, thereby
releasing the pressure on the diaphragm and releasing
the blood trapped in the chest. Subsequently, the abdomi-
nal cavity was opened and the pelvic bone was exposed
with a longitudinal section from the rectum to the chest
cavity. Cutting the abdominal wall was done with cau-
tion and with fingers covered by the tip of the knife to
the diaphragm. After the diaphragm was reached, itwas
cut, reaching the chest cavity. The thoracic cavity was
opened by asubsequent cut of the lastquarter of the chest.
Then, the pelvicbone was cut according to the degree of
ossification by the knife or the bone saw, thus opening
the pelvic cavity. By small cuts and pulling in the cranial
direction, the anal aperture, the rectum, the sexual and
secretory organs from the pelvic cavity were released,
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releasing the kidneys, which were cut off and weighed
on a stationary scale, then cut and weighed the spleen.

Subsequently, the remainder of the diaphragm
was released from the chest, then cut and the liver was
weighed. By cutting off the esophagus, the gastrointes-
tinal tract with the defect from the thoracic cavity was
separated. After that, the heart was cut off, and it was
stripped of the pericardum and the cruor. Followed by
the grip of the lungs and by the cranial thrust and the
possible cleavage of the lungs, trachea, esophagus and
larynx from the chest and neck of the game. A cut was
made behind the [arynx to separate it from the head. The
lungs were cut off from the trachea and then weighed,
and the outcast body, including the head and distal parts
of the [imbs, was weighed. Then the head was cut off
between the occipital joint and the atlas, then the head
was weighed. The separation of the distal parts of the
limbs was performed in the carpal joint at the forelegs
and in the tarsal joint at the pelvic limbs.

The age of the game was judged according to the
degree of physical development and at the same time
according to the degree of development and teeth wear.
The game was divided according to body development
and the level of denture development on the fawns up to
1 year of age, spikes and hinds up to two years of age and
adult individuals.

The data obtained was processed, statistically evalu-
ated and diagrams prepared in MS Excel. An analysis of
the correlation of variables was performed. On the basis
ofthe measured values, point charts with the exponential
trend line were created, followed by a box-plot.

3. Results

The average weight of deer in this study (Table 1.) was
42.0 kg. This average weight includes not only adult
individuals but also juveniles with a lower weight. The
average weight after expelling organs (gralloch) was
1.2 kg, that is 74% of the total weight.

Weexpressed average values partitioned by age class
and sex (Table 2). The average weight of the fawn, inde-
pendent of sex, is 26 kg. Average weight of one year old
deeris45 kg, five year old is 88 kg, suggesting that male
deer can gain 43 kg in four years.

Correlations between sika deer weight and all of the
variables were also calculated (Table 3). There were
several correlations between many of the variables.
The strongest (positive) correlation was between total
weight, weight afterexpelling organs, weight of heartand
weight of livers. Weight values tend to grow along with
increasing age (Fig. 2). Thereisa statistically significant

Table 1. Average weight values (kg) for sika deer regardless of sex or age (N = 63).

‘Type of weight Average Min Max Standard deviation Cocfficient of variance

Whole animal 4202 12.50 95.50 18.32 43.61

After expelling organs 31.27 9.00 74.50 14.40 46.04

Aftericeing 26.54 7.00 61.00 12.25 46.16

Legs 1.01 0.45 1.78 0.28 27.70

Head 213 0.86 5.35 1.03 48.53

Liver 095 0.30 2.39 0.57 60.51

Kidneys 0.14 0.04 0.60 0.10 67.85

Lungs 0.72 0.21 1.68 0.30 41.52

Spleen 0.19 0.02 0.80 0.13 70.05

Heart 0.32 0.12 0.64 0.11 34.35
Table 2. Avcrage weight values (kg) for sex and age groups of sika deer.
Sexvand “Total weight Weight
Sexandage groups of individual _ after expeling organs __ after iceing of legs ofhead of liver of kidneys oflungs of spleen
Male fawn 26.19 18.96 15.96 0.81 141 0.51 0.08 0.52 0.10 0.23
Female fawn 26.18 19.50 16.65 0.78 132 0.48 0.12 0.57 0.15 0.25
1-year-old deer 45.00 29.00 24.00 1.25 1.80 0.89 0.12 0.75 0.24 0.38
2-year-old deer 56.67 44.67 39.24 1.24 1.62 113 0.37 0.69 0.24 041
3-year-old deer 60.92 44.37 3842 1.28 272 1.36 0.18 0.94 0.16 042
4-year-old dear 59.42 44.49 37.35 1.25 342 0.16 0.18 0.83 0.27 043
S5-year-old dear 88.25 71.00 58.50 1.66 5.16 235 0.24 1.50 0.37 0.57
1-year-old doe 33.83 2417 20.50 0.87 1.68 0.66 0.12 0.67 0.17 0.25
Older doc 46.10 34.00 29.00 0.96 2.08 0.72 0.12 0.92 0.20 0.34

Table 3. Correlation of sika deer weights (kg) — gray backgrounds indicate significant correlations at level of p<0.05 (N =53).

Variable Averages Stangizcs Tocal welght of after expeling  after et
deviation the individual Sivani - oflegs  ofhead  ofliver ofkidneys oflungs ofspleen of heart
‘Total weight of the individual  43.16  18.33 — 0.98 098 0.89 0.86 0.95 0.39 0.68 0.46 0.91
Weight after expelingorgans 32,15 14.41 0.98 1.00 0.89 0.86 0.93 041 0.67 0.45 091
Weight after iceing 27123 1212 098 1.00 - 0.88 0.83 0.92 0.42 0.66 0.45 0.90
Weight of legs 1.04 0.27 0.89 0.89 0.88 T 0.79 0.86 0.25 0.67 0.39 0.86
Weight of head 2.21 1.08 0.86 0.86 0.83 0.79 — 0.88 0.23 0.67 0.39 0.77
Weight of liver 097 0.59 095 0.93 092 0.86 0.88 — 0.34 0.64 0.52 0.88
Weight of kidneys 0.15 0.10 0.39 0.41 042 0.25 0.23 0.34 0.19 0.15 0.30
Weight of lungs 0.72 0.29 0.68 0.67 0.66 0.67 0.67 0.64 0.19 — 0.27 0.61
Weight of spleen 0.19 0.14 0.46 0.45 0.45 0.39 0.39 0.52 0.15 0.27 — 0.48
Weight of heart 0.33 0.11 091 0.91 0.90 0.86 0.77 0.88 0.30 0.61 0.48
19
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Fig 3. Comparison between male and female weights in sika deer. There are weights of the individuals, separated for female
and male. Theline in the box is median and the average weight is illustrated by the cross in the middle of the box. Maximal and

minimal values are illustrated in the segments.

(r?—0.9046) positive correlation between age and total
weight of the individual.

Sex has a significant effect on the weight of individual
sika deer (Fig. 3). It is a manifestation of sexual dimor-
phism, which is evident in this species. Females (does)
have an average around 40 kg, males have an average
62 kg, does have around 35% lower weight than males.

Head weight of male sika deer was affected by age
(Fig. 4). In the first year of life the antlers have a lower
weight, so it affects the total weight of the head. The
head weightisincreasingwithincreasingage, everyyear
about 1 kg (Fig. 4). Oneyear old deer had an average head
weight around 1.5 kg and in five year old deer the head
average head weighted around 5 kg.

20

4. Discussion

The average live weight for all deer combined was 42
kg, similar to the weight reported by Whitchead (1972)
showing an average weight of 48 kg. For both measure-
ments, gender and age differences were not taken into
consideration, although in these circumstances the dif-
ference of 6 kg can be considered minimal.

The average live weight of fawns, does, and male deer
was 26, 46 and 61 kg, respectively. The detected average
for the fawns is at the lower edge of the range of weights
reported by Jifiketal. (1980) 25— 35 kgfor half-year olds.
However, in this study we measured individuals that were
nearly oneyear of age. The doe and male deer almost coin-
cide with Lochman (1993), giving a live weight of 45 kg
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and deer 55 kg. Ohdachi (2010) reports the live weights
of deer and decer in the original Japanese homeland of
25-80kgand 50 -130kgin deer, which correspondsto
the data found in the work by Lochman (1993).

The average gralloched weight of fawns found in this
study is 19.3 kg, which is a higher weight than Babicka
etal. (1997) 15.3kg, Husaket al. (1986) in the district of
Pilsen north 15.7 kg, and Bouzovsko 13— 15 kg, smaller
type of sika deer by Wolf (1999) weighed 13 kg, Uck-
ermann (1972) in the regions Hochrheingebiet 17.6 kg
and Arnsberg 15.8 kgand Feldhameretal (1984) 13.2—
15.4 kg. Lowerweightcan be justified by weighing pieces
after iceing possibly without heads and legs, which are
often not specified by the authors. In this study, the mean
weight was also determined without head and legs and
aftericeing (16.4 kg), more similar to the stated weights.
An alternative possibility of higher weight is the current
hunting of older fawns after 15 January, which is only
allowed after 2014. Similar weights as published in this
study by Ueckermann (1972) for Ostangeln fawns 20 kg,
Wolf (1999) 16 —20 kg and Jezek et al. (2016), weighing
18.2 kg. These weights are almost identical and confirm
the weight found in this study.

The gralloched weight of does was 34 kg, which
is comparable to Jezek et al. (2016), which reported a
weight of 30.6 kg, but does not indicate how game was
weighed. Itis probable that the weight is in the purchase
state, with an average purchase weight of 29 kg. This
weight is even more similar to the weights of Jezek et al.
(2016) fortheKladskaregion of 28.8 kg and the Manétin
arca, where for 5 year olds, the weight was 29 kg. The
weight of Manétin sika deer is identical to this study,
and the value of Kladska is lower by 0.2 kg. This can be
explained by the location of the area tested in this work
between Kladska and Manétin, a population with similar
livingconditionsand probable genetic similarity. Another
comparable weight ofhindsis given by Wolf (1999) in the
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Greater Siege of Litovelsko. It [ists the weight of the hind
25 - 30 kg. The other authors Babicka (1977), Husak et
al., 1986, Feldhamer et al. (1984), Uckermann (1972)
report a lower weight of approximately 10 kg compared
to the gralloched weightin this study, and it can be argued
that the milder winters in recent years, the inclusion of
the Dybowski subspecies into the current genotype, and/
or better adaptation (already “domesticated” game) to
the conditions of the local environment can account for
this difference.

The average weight of the deer without age difference
was 46.7 kg. This weight is between 40 kg and 50 kg of
Litovel s sika described by Wolf (1999), also corresponds
to theweight of 40— 60 kg, reported by JiFik et al. (1980),
35 — 55 kg, reported by Hanak (2015) and weight 33 —
78 kg by Heroldova & Zejda (2002), which is similar to
the minimum and maximum values found in thiswork of
28 — 74.5 kg. The slightly lower values compared to this
work indicate for the various age categories Babicka et
al. (1977) and Husék et al. (1986). Uckermann (1972)
and Feldhamer ct al. (1984), whose average weights
are approximately 10 kg lower, the largest reported dif-
ferences compared to other studies. This difference of
about 20% may be due to different natural conditions or
a genetic basis, since Feldhamer et al. (1984) weighed
sika from the USA and Feldhamer et al. (1984) weighed
German deer.

It is generally know, that the weight of the individual
is decreasing in higher age. The average weight of hinds
aged 1 -2 yearsis 26 kg, the mean weight at the age of 3
—4yearsis 30.9kg, 5 —6ycarsoldis 34 kgandin the case
of 6 years old or more, the average weight drops to 31.6
kg. The average weight of the hinds without age and area
difference is 30.6 kg. (Hanak 2015; Heroldova & Zejda
2002; Husaketal. 1986; Jifiketal. 980; Wolf 1999). The
Moravian population of sika deer weighed gralloched
with the head (Ieroldova & Zejda 2002) and determined
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weights of hinds ranged from 19 — 50 kg and deer have
a total weight 33 — 78 kg. The height growth potential is
more observed in the first month of life. Red deer male
fawn in Hungary has already at 182 days of age 75.8 kg
and female fawn 65.6 kg of live weight (Julianna et al.
2015).

Yokoyamaet al. (2001) present that there is correla-
tion between kidney mass and body mass 0.9. Results of
this study are not consistent with the result of our study.
Correlation between total weight and weight of the kid-
neyisonly0.4 atlevel of significance p<0.05. That mean,
that there was not significant dependency between these
two variables.

The percentage of weight of the gralloched bodies
compared to the total weight was 73.6% for the fawns,
73.8% for the does, 75.4% for the male deer and for 74%
forallindividuals without age and gender differentiation.
The values found here areclosest to Zima (1986),72% for
fawns, 74% for does and 75% for deer, the values for does
and deer are the same, with a slight difference of 1.6%
for fawns. Feldhamer et al. (1984) shows values for hind
and deer with a difference of up to 3.5%, for the doe is 70,
2% and for deer 71.9%. Husak (1986) values, 66.2% for
fawns, 66.5% for docs and 66.1% for deer. The difference
in deer is close to 10%, the lower percentage difference
is for fawns and does about 7, 3%. A possible reason for
such high differences can be the weight gain procedure
that Husakect al. (1986) doesn“texplain, itis possible that
the gralloched bodies are weighted only after iceing, the
percentage of which in thisworkis 5.8% (0.5 - 11.9 kg).

5. Conclusion

Our study conducted in the microregion of Konstan-
tinolazensko showed that the average total weight of sitka
deer was 42 kg. The gralloched weight was 74% of the
total weight after hunt. There was a correlation between
the total weight and age — with the increasing age isalso
increasing the weight of the individual. Results show
sexual dimorphism of sika deer. Females (does) have an
average around 40 kg, male (deer) have an average of 62
kg, doeshave around 35% lower weight than deer. There
was also influence of age on the weight of head, which
is increasing with higher age. Antlers are progressing
throughout life, and in the first years of the life antlers
grow faster. Five years old deer have the heaviest head,
which also reflects the weight of the antlers. The correla-
tionbetween the total (live) weight and other weights was
significant (p<0.05) for the weight of the liver and heart.
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ABSTRACT

The venison is popular for many properties that make it unique, for example, low intramuscular
fat (IMF) content, good nutrition and sensory properties. The aim of this study was to determine
the difference between sex in carcase traits, chemical and fatty acid composition in different
body parts. The meat analysis was performed in 9 stag and 9 doe individuals from the farm
breeding in Mokrovraty in Czech Republic. The analysis was carried out on the basis of samples
taken from the carcases of fallow deer. Chemical analysis of meat from musculus longissimus
lumborum et thoracis (MLLT), musculus semimembranosus {(MS) and musculus serratus ventralis
{MSV) was performed. The fatty acid analysis was measured in MLLT. Most of the measured car-
case weight parameters show sexual dimorphism, however no effect on percentage of main
meat parts was detected. From chemical meat composition, the dry matter content was higher
(p < .001) in stags compared to does as well as crude protein (p= .017). IMF content was not
affected by sex. When compare chemical composition of muscles, MLLT and MS had higher dry
matter (p= .004), ash (p < .001) and lower protein content (p= .011) compared to MSV. The fatty
acid analyses showed, that stags had significantly higher content of myristic (C14:0; p— .015),
pentadecanoic (C15:0; p= .008), palmitic (C16:0; p= .024), margaric (C17:0; p= .009) and myristo-
leic acid (C14:1¢9; p— .001) in MLLT than does. Sex had no effect on the sums and ratios of fatty
acids and atherogenic and thrombogenic index (Tl). In conclusion, sex affected mainly weight of
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carcase and the chemical meat composition.

Highlights

e Stags of fallow deer had higher dry matter and
protein content than does.

e Fat content was not affected by sex.

e The fallow deer meat has high nutrition value
because of the beneficial fatty acids profile.

Introduction

Intensive farming of the fallow deer is important as it
significantly contributes to the meat industry (Ward
et al. 2014). Deer farming is an alternative to farming
other animal species in many countries. The main rea-
son is to expand the range of non-traditional meat
products with unique sensory properties. In the Czech
Republic, we can talk about the positive development
of fallow deer breeding. Nowadays, there are about
188 farms breeding 6176 fallow deers, in the 80 farms

are kept 2993 individuals of red deer, another 49 farm
records 706 mouflons and at 17 farms live 171 individ-
uals of wild boars. In addition, the number of farms is
still increasing. Outside the production of breeding
animals is able to secure quality meat, which by its
nutritional composition fulfils the requirements of
modern nutrition.

Like all wild animals, fallow deer adapts food intake
to the possibilities of vegetation that is just available.
He likes mostly grass and crops. Do not heat even
bushes, such as hawthorn, thorn, blackberry, in the
forest environment, leaves and buds of young stands,
as well as the bark of older trees, sometimes cause
considerable damage in the forest (Gill 1992).

The weight of the fallow deer shows sexual
dimorphism as in many ungulates (Jarman 1983;
Weckerly 1998; Loison et al. 1999). The live weight of
the adult fallow deer individual is from 40kg in does
to 94kg in stags (Bothma 2014). The weight of the
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fallow deer fed by daily supplement of 500g concen-
trate/head is around 50kg and their carcase has
higher carcase yield, while the weight of the normal
fed ones is around 45 kg (Volpelli et al. 2002).

From meat quality, for most of the game species
the intramuscular fat (IMF) content is lower than 3%
(Onyango et al. 1998; Hoffman 2000). Mostly meat
contains 70-75% of water, 18-22% of protein, 2-3%
of fat, 1-1.5% mineral substances, 0.9-1.0% of extract-
ive non-nitrogen substances and 1.7% extractive nitro-
gen substances. To achieve the desired flavour
properties of the meat, the IMF content is sufficient
1-2%. Venison is requested by consumers because of
its specific flavour and favourable nutrient compos-
ition (Hoffman and Wiklund 2006). High content of
protein, vitamins (Sampels et al. 2006; Purchas et al.
2010) and low content of IMF (Volpelli et al. 2003;
Polak et al. 2008) makes venison attractive
meat product.

Therefore, the aim of this study was to evaluate the
effect of sex on the carcase value, proximal chemical
composition in different muscles of fallow deer from
the farm located in Middle Bohemia. The next point
was to analyse fatty acid composition in meat of stags
and does of these fallow deer.

Materials and methods

The experiment was approved by the Ethics
Committee of the Central Commission for Animal
Welfare of the Ministry of Agriculture of the Czech
Republic (Prague, Czech Republic) and was carried out
in accordance with Directive 2010/63/EU for animal
experiments.

Animals and experimental design

The animals in this experiment were from the Ripa’s
family farm located in the district of Pribram in the vil-
lage Mokrovraty in Czech Republic. The average
annual temperature according to local meteorological
station in the Pribram district is 7.3°C, the average
annual precipitation is 623 mm. The municipality of
Mokrovraty is located at an altitude of 365 m asl.

The animals have a 60-hectare grazing area, and
eight hectares of meadows, corn (oats) serve to pro-
vide a part of the feed base. In addition to quality
hay, sage, and kernels in the winter, the supplementa-
tion of minerals and vitamins and feed water available
in tanks is an obvious part of the dosage. For easier
manipulation of the herd, contact feeding is practiced
on the farm, and a special fixation device is used to
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capture the animals themselves. The farm is fenced,
trees are planted in the middle. Among the trees,
pine, beech, oak, maple, chestnut and pear are most
represented. There is a shelter used to protect against
unfavourable weather.

For the evaluation of carcase characteristics and
meat analysis, 18 individuals (1:1 stags and does) of
farmed fallow deer at the average age of 2.5 years
were used from autumn slaughtering. The slaughter
was provided by a shooting to the head or to the
neck and each of them was bleed out. The animals
were eviscerated 30 min after shooting, carcases were
aged for 24h at 5°C in an ageing room, suspended
from both hind legs.

Carcass value

The carcase weight was measured after removal of the
skin and internal organs. The edible and non-edible
viscera were weighed separately. The weighing was
carried out on the scale 1T6080 A12 (Lesak, Brno,
Czech Republic). The dressing percentage on the basis
of the hot carcase weight and the bled body weight
was calculated. The carcases were cut into half and
the right side of each one was split into the following
parts according to the methodology of Stanisz et al.
(2015): loin, leg, shoulder and neck. Each body parts
were weighed on the laboratory digital scale the first
and the second class VIBRA AJ (Shinko Denshi Co. Ltd.,
Tokyo, Japan). After 24h chilling period at 5°C, the
representative samples of musculus longissimus lumbo-
rum et thoracis (MLLT), musculus semimembranosus
(MS) and musculus serratus ventralis (MSV) were taken
for chemical analysis.

Analysis of proximal chemical composition and
fatty acids profile

The dry matter content was determined from the
difference of the sample weight before and after dry-
ing with sea sand under the conditions of AOAC
(2005). The IMF was set by gravimetric determination
after extraction in SER 148 - Soxhlet extractor (VELP
Scientifica, Usmate, Italy) by non-polar solvent (petro-
lether). Protein content is based on amino nitrogen
content by Kjedahl method (KjelFlex K-360, Buchi,
Flawil, Switzerland), then converted to the (gross) pro-
tein content after multiplication by the appropriate
factor. Ash content was determined via burning the
sample at 550°C (Ht40AL, LAC, Rajhrad, Czech
Republic) until organic substances were burnt.

For fatty acid analysis MLLT was taken 24h post
mortem, frozen and stored at —80°C (Jouan HX450S,
Trigon-plus, Ri¢any, Czech Republic). The methyl esters



Table 1. Bled body weight and carcase characteristics of fal-
low deer stags and does.

Stag Doe
Mean SD Mean SD  Significance

Bled body weight (kg) 57.160° 4400 43.130° 8.110 0.012
Carcase weight (kg) 36.600° 5030 27.000° 6.160 0.036
Dressing (%) 63.820 5100 62250 4.940 ns
Edible viscera (kg) 3.000 0790 3450 1.100 ns
Nonedible viscera (kg) 8800 1920 6750 1710 ns

Loin (kg) 6940  1.230 4910 1430 ns

Leg (kg) 129100 1360 9.430° 1720 0.011
Shoulder (kg) 5760° 0510  4.200° 0.790 0.009
Neck (kg) 5.000° 0.800 3.380° 0750 0.017
Percentage of carcase value

Edible viscera (%) 5250° 1320 7920 2.070 0.050
Loin (%) 19.120 3210 17980 1530 NS

Leg (%) 35580 4.020 35.270 2470 NS
Shoulder (%) 15.850 1330 15720 1.290 NS

Neck (%) 13.750  1.850 12630 1890 NS

SD: standard deviation; ns: non-significant
Numbers with various letters are significantly different (p<.05).

of fatty acids after extraction of total lipids according
to the methodology of Folch et al. (1957) were
detected. Methanolysis was carried out under the cata-
lytic effect of potassium hydroxide and extraction of
the acids in the form of methyl esters into the hept-
ane. Isolated methyl esters were detected by the flame
ionisation detector (FID) using split regime of the
chromatography Master GC (Dani Instruments, S.p.A.,
Milano, Italy) equipped with the Famewax column
with the stationary phase of polyethylene glycol
(Famewax; 30 m x 0.32mm x0.25um). Helium was
used as carrier gas at a constant flow of 5mL/min,
split ratio was 1:9. The peaks were identified using
Clarity 5.2 and quantified based on known retention
times of standards Food Industry FAME Mix (Restek
Corporation Company, Bellefonte, PA). Atherogenic
index (Al) was calculated from monounsaturated
(MUFA) and polyunsaturated fatty acids (PUFA) as fol-
lows: Al—(C12:0 +4 x C14:0 + C16:0)/(MUFA + PUFA).
The thrombogenic index (Tl) was calculated as follows:
TI=(C14:0 + C16:0 + C18:0)/(0.5 x MUFA +0.5 X n-6
PUFA +3 x n-3 PUFA + n-3/n-6 PUFA).

Statistical analysis

The data were evaluated using software SAS 9.4 soft-
ware (Statistical Analysis System, SAS Institute Inc,
Cary, NC) ANOVA methods. The bled body weight, car-
case characteristics and fatty acid analysis were
assessed by a one-way analysis of variance. Duncan’s
multiple range test was used to appraise differences
between the groups. The chemical meat composition
was evaluated by a two-way analysis of variance. The
t-test was used to evaluate differences between values
of sex and muscle interactions. All data were
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expressed as meanzstandard deviation values.
Differences of p<.05 between mean values were con-
sidered as statistically significant.

Results

The results of the carcase analysis are provided in
Table 1. The bled body weight of fallow deer repre-
sents the mean weight of the stags and does at the
time of slaughter. There were detected significant dif-
ferences (p— .012) between stags and does in bled
body weight with higher value in stags (57.16 kg) than
in does (43.13kg). This difference indicates sexual
dimorphism of fallow deer and it is supported by fol-
lowing analysed carcase characteristics. The carcase
weight is related to the slaughter weight. Higher car-
case weight (p= .036) was observed in stags (36.60 kg)
compared to the does (27.00kg), i.e. the differences in
carcase weight between sexes were 26.2%. On the
other hand, the carcase yield was not significantly
affected by sex and it was 63.82% in stags and 62.25%
in does. The edible viscera including liver, kidneys and
hearth were not significantly affected by sex with the
average value for stags 3.00kg and for does 3.45kg.
Likewise, the whole viscera weight including edible
and non-edible viscera was non-significantly heavier in
stags than in does. Significantly higher weights of leg
(p— .011), shoulder (p— .009) and neck (p— .017) were
observed in stags of fallow deer compared to does.

The percentages of individual parts are more
important for the comparison of main meat parts in
carcase. The significant differences were detected only
in percentage of edible viscera with higher values
(p= .050) in does than in stags. The other parts were
not significantly affected by sex. The differences in live
weight, carcase weight and the most of other ana-
lysed carcase characteristics indicate sexual dimorph-
ism of fallow deer.

The results of the chemical composition of meat
are shown in Table 2. There were not found significant
interaction of sex and muscle in any of chemical char-
acteristics. Dry matter was significantly affected by
muscle (p= .004) with the higher value in the MLLT
and MS and the lowest in MSV. The stags had higher
(p— .001) dry matter content than does in all of
observed muscles.

Important for the flavour of meat is IMF content,
which was not influenced by either sex or muscle
type. The non-significantly higher IMF content was
observed in MS and MSV contrary to MLLT. Higher
protein content was found in stags (p= .017) and in
MLLT and MS compared to MSV. Higher ash
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Table 2. Chemical composition of fallow deer meat.

MLLT MS MSY Significance
Stag Doe Stag Doe Stag Doe
Variable Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Muscle Sex MxS
Dry matter (%)  26.230 0.270 23.520 1.320 25.330 0.740 24.310 1.380 24.200 0.790 22.950 2.260  0.004 <0.001 ns
IMF (%) 1.850 0.280 1.650 0.240 1.760 0.480 1.990 0.430 1.640 0.190 2.08C 0.580 ns ns ns

Crude protein (%) 22.400 0.920 21.860 2.170 22.370 0.490 20.980 2.230 21.120 1.060 20.130 1.140 0011 0.017 ns
Ash (%) 1.210 0.060 1.190 0.070 1.180 0.060 1.270 0.050 1.090 0.110 1.110 0.050 <0.001 ns ns

MLLT: musculus longissimus lumborum et thoracis; MS: musculus semimembranosus; MSV: musculus serratus ventralis; IMF: intra-

muscular fat; SD: standard deviation; M: muscle; S: sex; ns: non-significant
Numbers with various letters are significantly different (p<.05).

Table 3. Fatty acid composition of MLLT of fallow deer stags and does.

Stag Doe
Fatty acid (% of total fatty acids) Mean SD Mean SD Significance
Saturated fatty acid
40 Butyric 0.000 0.000 0.030 0.060 ns
€6:0 Caproic 0.040 0.020 0.030 0.060 ns
€80 Caprylic 0.010 0.010 0.000 0.000 ns
€10:0 Capric 0.020 0.020 0.000 0.000 ns
C12:0 Lauric 0.050 0.010 0.040 0.050 ns
C13:0 Tridecyclic 0.010 0.010 0.000 0.000 ns
C14:0 Myristic 2370° 0.460 1.120° 0.720 0.015
€150 Pentadecanoic 0.870° 0.130 0.490° 0.180 0.008
C16:0 Palmitic 22.210° 2.280 16.770° 3.440 0.024
C17:0 Margaric 1.290° 0.200 0.680° 0310 0.009
€180 Stearic 29.750 1.020 31.100 3.570 ns
C20:0 Arachidic 0.250 0.050 0.270 0.130 ns
€210 Heneicosanoic 1.010 0.200 1.680 0.900 ns
€22:0 Behenic 0.110 0.160 0.220 0.450 ns
C24:0 Lignoceric 0.140 0.270 0.500 0.900 ns
Monounsaturated fatty acids
C14:19 Myristoleic 0.140° 0.040 0.020° 0.020 0.001
C16:1c9 Palmitoleic 1320 0.300 1.080 0.160 ns
719 Heptadecenoic 0.370 0.070 0.470 0.120 ns
1819 Oleic 15410 0910 15.420 1.420 ns
€20:1c11 Eicosenoic 0.250 0.080 0.330 0.110 ns
€22:1¢13 Erucic 0.020 0.050 0.080 0.170 ns
241015 Nervonic 0.020 0.040 0.140 0.210 ns
Polyunsaturated fatty acids
€18:2¢9,.12 Linoleic 17.550 3.650 20.140 6.060 ns
€18:3¢6,9,12 y-Linolenic 0.020 0.020 0.050 0.050 ns
C18:3¢9,12,15 a-Linolenic 3.130 0.490 5.050 2.730 ns
€20:2¢11,14 Eicosadienoic 0.270 0.070¢ 0.400 0.130 ns
€20:3¢8,11,14 Eicosatrienoic 0.180 0.050 0.190 0.050 ns
C20:4¢5,8,11,14 Arachidonic 2.660 0.840 3.170 1.200 ns
€20:5¢5,8,11,14,17 Eicosapentaenoic 0.020 0.020 0.000 0.000 ns
€22:2c13,16 Docosadienoic 0.030 0.060 0.100 0.200 ns
€22:6¢4,7,10,13,16,19 Docosahexaenoic 0.470 0.210 0.440 0.370 ns

SD: standard deviation; ns: non-significant
Numbers with various letters are significantly different (p<.05).

percentage (p< .001) was detected in MLLT and MS,
but with no effect of sex.

Table 3 shows differences due to sex on the fatty
acid composition of MLLT. The fatty acid analyses indi-
cate statistically significant difference between stag
and doe in the content of the following saturated
fatty acids: myristic acid (p— .015), pentadecanoic acid
(p= .008), palmitic acid (p= .024) and margaric acid
(p= .009). From MUFA fatty acids were significantly
affected by sex only myristoleic acid (p= .001). The
content of these acids was higher in stags than in
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does. The relative amount of PUFAs was higher in
does than in stags, although these differences were
not significant.

Sex had no effect on the content of SFA and MUFA
(Table 4). The does had non-significantly higher total
PUFA content and lower n-6/n-3 content than stags.
Likewise, other ratios of fatty acids, related to human
health, were not significantly affected by sex. On the
other hand, it is obvious that meat from fallow deer is
a nutritionally valuable meat and beneficial from the
point of view of health (e.g. n-6/n-3 PUFA ratio was 5).



Table 4. Sums of ratios of fatty acids and indexes of MLLT of
fallow deer stags and does.

Stag Doe
Variable Mean SD Mean SD Significance
SFA 58.14 3.50 5291 7.15 ns
MUFA 17.53 1.15 1757 1.73 ns
PUFA 2433 4.47 29.53 7.85 ns
n-6 PUFA 20.22 430 23.36 6.37 ns
n-3 PUFA 3.62 0.39 5.49 2.58 ns
n-6/n-3 PUFA 562 1.22 470 1.42 ns
n-3/n-6 PUFA 0.19 0.04 0.24 0.10 ns
SFA/MUFA 332 0.14 3.02 0.42 ns
SFA/PUFA 249 0.72 1.96 0.85 ns
MUFA/PUFA 075 0.21 0.64 0.20 ns
Al 0.77 0.16 0.48 0.23 ns
Tl 1.83 0.26 1.42 0.59 ns

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA:
polyunsaturated fatty acids; Al: atherogenic index; TI: thrombogenic
index; SD: standard deviation; ns: non-significant Numbers with various
letters are significantly different (p<.05).

Discussion

The bled body weight of fallow deer stags and does
from our experiment was in the range reported by
Bothma (2014). Similar body weight found Stanisz
et al. (2015). There is a sexual dimorphism between
stags and does of fallow deer, where the stags are
bigger. Morris et al. (1992) showed the difference
between sex of fallow deer around 9.3 kg at yearling
weight. However, the live weight may be very variable
due to different environmental influences (Volpelli
et al. 2002).

The carcase weight depends on live weight and
thus is higher in stags, which is in accordance with
the studies of Janiszewski et al. (2011). However, these
authors detected higher carcase weight in fallow deer
than in this study. It could be caused by different spe-
cification of the carcase weight, different age of the
individual or various live conditions.

Similarly with our results, Stanisz et al. (2015) did
not detect the differences between sexes in dressing
percentage. The proportion of the main meat parts
has higher testifying value than the weight of these
parts. The differences between stags and does in per-
centage contribution of commercial cuts (shoulder,
loin, leg and neck) were not significant in present
experiment and are in agreement with Stanisz
et al. (2015).

Differences between stags and does are connected
with the time of sexual maturation, when the does of
ruminants matures earlier than stags (Guerrero et al.
2013). Meat quality can be evaluated by the chemical
meat composition. The dry matter content of fallow
deer from this study was higher in stags than in does,
which agrees with the results of Hutchison et al.
(2014) and Piaskowska et al. (2015) who reported dry
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matter content of stag 25.7% and doe 24.9%. On the
other hand, Stanisz et al. (2015) did not find the effect
of sex on dry matter content in MS. From the analysed
muscles, the MLLT had the highest dry matter content
corresponding  with  the study of Bykowska
et al. (2018a).

The IMF content is important for sensoric qualities
and special flavour of the meat, especially venison.
Normal average IMF content without difference of
species is 2-3%. Most of the game species has fat con-
tent lower than 3%, in fallow deer even lower than
1%. Generally, low IMF content in fallow deer corre-
sponded with the results of Purchas et al. (2010) and
Daszkiewicz et al. (2012). The low IMF content of fal-
low deer meat confirms the high dietetic value of ven-
ison. There were not detected differences between
sexes and muscles in IMF content. The MLLT had non
significantly lower fat content and these results agree
with Bykowska et al. (2018a) who showed lower IMF
content in MLLT than in MS.

The protein content showed higher values in stags.
Daszkiewicz et al. (2012) in their study reported differ-
ences between sexes, but differently from our study
detected higher protein content in does of roe deer.
The results contrasted with Stanisz et al. (2015) and
Ludwiczak et al. (2017), who did not find the differen-
ces between stags and does in protein content.
Similarly with our results, Bykowska et al. (2018b)
reported higher protein content in MLLT.

No effect of sex on ash content was detected in
this study, while there were detected effects of muscle
type on ash percentage. Contrary to our results, when
the lower concentration of ash was ascertained in
MSV, Dahlan and Norfarizan-Hanoon (2008) reported
lower ash content in MLLT. The differences in chemical
meat composition of analysed muscles can be
explained by different structures associated with their
activity and post mortem changes (Zochowska-
Kujawska et al. 2007).

The fatty acid composition provides a more com-
prehensive account of the nutritional value of meat.
Pasture feeding compared to supplementary feeding
gives better meat fatty acid profile, which is richer in
PUFA. Similar results of fatty acids composition as in
our experiment determined Polak et al. (2008) in red
deer meat. On the other hand, Volpelli et al. (2003)
found higher fatty acid content in MS of fallow deer
than in our results. Different muscles and various pas-
tures could cause the differences in fatty acid compos-
ition. In comparison with domestic ruminants, venison
exhibits lower amounts of fatty acids and its compos-
ition is richer in PUFAs and poorer in MUFA and SFA
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(Velasco et al. 2001; Volpelli et al. 2003). Grazing rumi-
nants have very low n-6/n-3 PUFA ratio in meat,
because of higher levels of linolenic acid found in
grass (Wood et al. 2004). In this study, n-6/n-3 PUFA
ratio was 5. This is in line with recommendation of
Department of Health (1994), when the ratio should
be 4-5 or less. However, how the IMF content is very
low in fallow deer, the fatty acid composition is not of
major concern (Volpelli et al. 2003).

Conclusions

Summing up, the weight of the animals analysed in
this study was on a proper level for 2.5-year-old
farmed fallow deer; the stags had higher bled body
weight and weight of the main meat parts higher
than does. Stags of fallow deer had higher dry matter
and protein content than does. The highest dry matter
content and protein content was detected in MLLT.
The fallow deer meat has high nutrition value, espe-
cially because of the beneficial fatty acids profile in
relation to human health. The fatty acid analyses indi-
cate higher content of saturated fatty acids (myristic,
pentadecanoic, palmitic and margaric acid) and MUFA
fatty acid (myristoleic acid) in stags than in does. The
relative amount of PUFAs was higher in does than in
stags, although these differences were not significant.

With the emerging trend of healthy nutrition and
the improvement of available food sources, venison
becomes a suitable and sought-after product that
meets its demanding demands for the quality of the
modern user.
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Simple Summary: Modern 3D imaging methods offer many scientific disciplines the opportunity to
take their results to the next level. Using standard measurement methods, a CT scanner and a 3D
scanner, we have established a methodology for using these devices for craniometric measurements.
Craniometry is an important means of obtaining information on population quality and its long-term
evolution, not only in wildlife species. In the case of these measurements, an important aspect is the
accuracy and time efficiency of the methods used. Tt has been shown that 3D imaging technologies are
able to obtain high quality data in comparable time to standard methods. A comparison of methods
has proven that both the CT scanner and the 3D scanner can achieve accurate values, measure a
larger range of variables, and store digital copies of the object for archiving or future research.

Abstract: The suitability of CI' and 3D scanners for craniometric proposes was tested using digital
calipers when determining lincar measurements, and a measuring cylinder was used for the accuracy
of 3D printing of deer antlers obtained by the CT and 3D scanners. The resolution of digitized objects
from a 31 scanner ranged from 0.008 mm to 0.122 mm. For mandibular dimensions, a positive
deviation (p < 0.01) from the primary control measurement was recorded. The average antler volume
measured with the cylinder was 60.47 cm? at the first measurement, in the case of the CT scanner
61.62 cm® and for the 3D scanner 64.76 cm®>—both technologies exhibit a positive deviation from the
primary measurement. Precise sensing and measurements can be used to evaluate the quality and
evolution of wildlife populations, create digital museum collections, or to examine in detail certain
traits such as antler and horn development or dentition.

Keywords: 3D scanner; geometric morphometric; CT; reproducibility of results; antlers; mandible

1. Introduction

In the medical field, 3D imaging technologies are widely used, as well as computed
tomography (hercafter referred to as CT) and magnetic resonance imaging (MRI), which
allow for the creation of 31 images [1,2]. Because of the development of 3D technologies in
recent years, devices that deliver accurate images of surfaces are increasingly developed
and used, in addition to being affordable and often mobile [3-6]. These technologies are
used in many branches of medicine; for example, for prosthesis creation, plastic surgery,
orthodontics, or anthropometry [2,7-10].

However, these advanced technologies can be applied in more fields, not only health-
care. Object digitization offers additional possibilities for the detection of morphometric
data. In recent years, there have been significant developments in a number of technologies
for digitizing objects; at present, they are predominately used in archeology but are also
used in veterinary and human medicine [11-13]. Photogrammetry has been used primarily
for geographical measurements, especially for spatial planning, geomorphological analysis,
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or cartography [14-17]. Because of the rapid development of 3D imaging technology,
geometric morphometry is often used in bioarchaeology [18-23], and one of the applica-
tions is craniometric data measuring. The process of scanning and digitizing an object
differs according to the device used. The speed and quality of scanning an object usually
depends on its size and complexity; for reasonably complex objects, this means dozens
of scans [24]. In some cases, especially for complicated objects, hundreds of images are
required for an accurate virtual reconstruction [25]. Today, 3D digitization is becoming an
increasingly popular method; different objects are scanned for different purposes, such as
for anthropological research, and in evolutionary biology, forensic science, archaeology,
etc. [25-31].

CT Scanning

Another important technology that can be used for craniometry purposes are CT
scanners. Multidetector computed tomography (MDCT), or helical /spiral CT scanning,
is now well-known [26]. MDCT represents the “third generation of CT devices”, which
use helical CT scanning [27]. MDCT uses tomographs of various degrees of technical
development, usually defined by the number of detectors (2-320) [28]. The use of standard
“macroCT” devices is limited by insufficient knowledge of imaging limits for animal
model species or by setting exposure parameters and CT protocols [29]. They are mostly
used for large and exotic animals, which scem to be a suitable subject concerning the
technical principles of CT, especially because of the volumetric similarity to humans [30].
The application in forensic or terminal ballistics, where the first attempts to set up and
optimize protocols for the detection of missile fragments in cadavers can be seen, is still less
frequent [31]. As part of optimization, basic craniometric measurements were performed
when comparing dental protocols in selected species of dog carcasses [32].

The basic technology applied in craniometry is the measurement of dimensions using
a caliper [33]. Craniometric dimensions include the length and width of the skull, volume
of the neurocranium, length of the nasal bones and palatine, the rows of teeth, the length,
height and width of the mandible, antler dimensions, and other parts [34], for which
modern technologies such as 3D and CT scanning could be used. Craniometric traits may
indicate intraspecific differences between populations in different locations, the evolution
of a species over time, or may be seen as an indicator of an individual’s physical condition
or health development or development of separate subpopulations of wildlife [35-48].

Due to the increasing populations of wild game [48-50], the need for their monitoring
is required. Craniometry provides required outputs, and with the use of appropriate
technology, a clear picture of population trends can be obtained. Based on this, proper
management of the species can be suggested. Craniometric methods also include the
measurement of antlers; basic quantities include the length or area, but for some species, es-
pecially cervids (Cervidae), the volume of the antlers is also measured, which is determined
based on methods recognized by the CIC (International Council for Game and Wildlife
Conservation) [51].

Therefore, craniometry provides valuable data on populations and individuals of
animal species. However, manual measurement is time-consuming, and data accuracy
can also be problematic. It should be mentioned that the use of digital methods offers a
much greater range of spatial analyses. The morphological study of species thus acquires
new perspectives [52,53]. However, it is necessary to know the level of accuracy of the
obtained digital parameters and how they were established (methodical algorithm) to
ably determine the error rate of any sclected measurement algorithm. At present, the
scanning procedures, manuals, and protocols of individual applications on a specific (e.g.,
animal) object and procedures of subsequent comparison in determining the accuracy of
the performed measurement are not commonly available [54].

This study aims to describe the possible utilization of technologies well known in the
health sector for multidisciplinary purposes. The main interest focuses on the resolution of
scanned objects and the subsequent accuracy of the measurement in comparison with basic
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methods, such as measuring with a caliper or determining the volume using a measuring
cylinder. The partial aims are to (i) compare three volumetric and linear measurement
methods; (i) describe the methodology and procedure for digitizing objects of interest with
a CT and a 3D scanner for craniometric purposes; (iii) determine the measuring accuracy
of both technologies with the standard method performed by a digital caliper using a
calibrated reference object and the measurement limits of individual instruments to find
the most accurate method; and (iv) evaluate the time effectiveness of the applied methods
in comparison to the standard methodology.

2. Material and Methods
2.1. Study Objects

Two types of sample objects were used for the CT and 3D scanner craniometry, each
from a different widespread (common) ungulate game species in Europe. In the first case,
the mandibles of 60 wild boar (Sus scrofa), 1-14 months of age, were used. The object was
chosen because it is well-suited for the sclected methodology. The 3D scanner requires the
objects to have a simple shape and a low contrast without excessively light, dark, or even
transparent parts. In the second case, 30 skulls of male roe deer (Capreolus capreolus) with
antlers, 1-6 years old, were selected (scanning focused on the antlersThe antlers represent a
very complex, high-contrasted object with various shape extremes and variability for each
sample. Both parts of the object (skull, antlers) are bone tissue, i.e., suitable for CT scanning.

The studied roe deer skulls come from the hunting districts of Radlice and Bohumile
in the Czech Republic, Central Bohemia. Bohumile is a hunting ground with an arca of
2900 ha. The area is located at an average altitude of 425 m above sea level and consists
predominately of beech forests. At the Radlice hunting ground, with an area of 800 ha and
altitude of 329 m above sea level, beech and mixed forests prevail. The selected hunting
districts represent standard Central-liuropean environments. All subjects were hunted as
part of standard game management by hunters with valid hunting licenses and permits
required in the Czech Republic. The animals were not hunted for study purposes.

2.2. 3D Scanner Measuring

The first device used for analysis was a 3D scanner, the ATOS (Advanced Topometric
Sensor) Compact Scan 12M Essential Line. ATOS is a mobile contactless device created from
stereo CCD cameras with a 12Mpx resolution (resolution is static) and a fringe projector.
The ATOS measuring system is certified for metrology and supplied with certification
according to regulation VDINDE 2634, Part 3. The device is placed on a positionable stand
that enables stable anchoring of the scanner required for operation. Given the size of both
types of the objects, cameras with a measuring volume of 300 mm were selected. The device
utilizes blue light that enables scanning regardless of lighting conditions. The scanner
uses the Fringe Projection method, in which precise stripes are projected onto the surface
using a laser, which becomes deformed based on the object’s shape. The ATOS system
uses a triangulation procedure. In order to achieve complete digitization, the object must
be scanned from various angles. ATOS converts these images into a common coordinate
system. The resulting set of measurement data is an STL file, 3D coordinates of points,
sections, contour lines, or output quality protocols. The results of digitization can be
exported to a system for Reverse Engincering, which is able to quickly reconstruct a 3D
CAD model. GOM Inspect allows you to evaluate and compare measured data files with
the default CAD.

The system requires regular calibration depending on the scan frequency and operating
time. In our case, the device was calibrated once a week with the help of a certified
calibration panel designed for a volume of 300 mm. For normal operation, it is necessary to
set the correct scanning position of the cameras, the distance of the sensor from the object,
the room temperature, and the stability of the device. The temperature on the turntable is
always sct during the calibration of the device and is checked before use. The scanner is
capable of operating in the range of 5-40 °C. The optimal temperature is, therefore, around
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20 °C; in our case, the device was calibrated to a temperature of 23.5 °C. The optimal
distance of the scanner from the object is 60 cm. During commissioning, the actual scanning
is preceded by heating the device for approx. 32 min.

For both types of objects—mandibles and skulls with antlers—reference points of
1.5 mm were used (Table 1). Four reference points were placed on the mandible: two on
each side of the mandible, one in the mental foramen (foramen mentale), and the other in the
area of the angle (angulus mandibulae) (Figure 1). In the case of deer skulls with antlers, six
reference points were placed symmetrically on each side. Their position was specified in
relation to the articulation of the antlers. Two points were placed on the outer surface of
the antler, one at the bottom, one at the top, and one point was placed on the inside of the
antler (Figure 2). The reference points were also placed evenly on the turntable.

Table 1. Object scanning process.

Camera Reference Number of Number of Additional Number of
Volume Points Images Positions Preparation Sensing Processes
Mandible 300 mm 4 8 1 none 2
Skull 300 mm 47 8 2 SR 2
spray

Figure 1. Location of reference points on the mandible of a wild boar (Sus scrofa)—left side, the same
location on the opposite side because of the rotation and manipulation of the object.

Figure 2. Location of reference points on roe deer antlers (Capreolus capreolus), the same location on
the opposite side.

The object was then placed on an automatic turntable, Range Vision TL, with a
diameter of 32 cm in the “basic position”. In the case of the mandible, a lateral view of the
right side, and in the case of the roe deer, a frontal view of the nasal and frontal bone was
created. The scanning of the object was carried out using the Gom Scan program. For both
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objects, the imaging was set to 8 images per 360° rotation of the turntable. The contrast of
the object and reference points was set before scanning.

The mandible and the skull with antlers were scanned in two positions given the
articulation of the object. Due to the high contrast between the skull and antlers, a chalk-
based anti-reflective coating was used to scan the antlers. This spray unifies the color of
the object, allows for faster and more accurate scanning, and is also easily removable. For
more complicated objects, vaporizing anti-reflective spray can be applied. The automatic
swivel pad ensures a constant scanning angle for each object. During scanning, automatic
control of calibration, transformation, relative motion, and light change is performed with
each image. For the antler scanning, 3-5 reference points located on the object were used
to connect the measuring series. The resolution of the object scanned was recorded. After
the conjunction of the measuring series, polygonization was performed at a standard level.
The object was then exported. The output of the scanning is a digitized “mesh” object.

The entire sensing process was performed twice for each object to determine the
sensing accuracy.

The object was inspected using the GOM Inspect 2019 program, version 2.0.1. The
primary functions of the software include the editing of a polygonal network, importing
of the cloud of points and polygonal networks, scaling holes in the polygonal network
by interpolation of the surrounding surface, smoothing, reducing, and thickening of a
polygonal network, and triangle regularization. Basic modification of the object was based
on removing randomly scanned elements from the vicinity of the object. In the creation of
the antler mesh object, the antlers were first cut from the skull, and all residue of the antlers
on the skull were removed, including the pedicles. In the case of a missing polygonal
network, the openings were filled in so as not to disturb the natural shape of a part of the
object and to prevent inaccuracies in the measurements (Table 2). Scanning was carried
out in such a way as to avoid unnecessary hole formation. In the case of complex objects,
it is not possible to completely prevent the formation of holes, but only to keep it to the
necessary minimum by taking more images of the object in more positions. The object was
scanned so that the maximum size of the unscanned area did not exceed 5 mm. Within this
space, there were few holes predominately on the underside of the antler, sitting on the
skull where it is not possible to scan the object (Figure 3). The dimensions measured on the
mandible were chosen, from the previous experience, that best represent the development

of the subject and reflect possible sexual dimorphism (Figure 4).
(o
2 &/ 3 \2 4 )&3

Figure 3. Process of object modification before measurement. 1. digitized object without modification

(with unwanted parts of the turntable around the object); 2. mesh object after cleaning; 3. mesh object
to be measured; 4. mesh object with filled holes, ready for measurement; 5. mesh object with the
volume measurement results.
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Table 2. Object postprocessing.
Object Polygonization Program Basic Modification Object Correction Measurement
removing randomly sealing holes in the Measuting the
Mandible Standard level  GOM Inspect 2019 5 e Y G distance between
scanned elements polygonal network :
% two points
sealing holes in the

- o s removing randomly polygonal network, Measuring the

£ Standard leve spec 4
skl o level GO Tnigprect: 2012 scanned elements cutting antlers from mesh volume

the skull

Figure 4. Dimensions measured on the mandible. Notes: LC—length of the cranium (condylobasal
length), from the front part of pars incisive to anterior-most point of the processus condylaris; HG—height
of the mandible, from the bottom of the symphysis mandibulae to the top of the margo interalveolaris;
L.BM—minimum breadth of the mandible; BCP—breadth of the mandible, between the borders of
the medial and lateral points of the caput mandibulae; BML—breadth of the caput mandibulae.

2.3. CT Scanner Measuring

A computed tomography scanner from Siemens, a Somatom Scope Power, was used
as the second device. This is a multidetector computed tomography scanner (hereinafter
referred to as MDCT) with 16 sections; in one rotation, it yields 16 sections of the scanned
object. With the fastest pitch factor of 1.5, it can handle a rotation of 0.5 s and display the
smallest section thickness of 0.6 mm, which helps to display relatively small anatomical
structures and significantly speed up the examination. The gantry has an aperture diameter
of 70 cm, but the field of view is 50 cm, which is identical to the reconstruction I'oV (field
of view). 'The data obtained from the slices are converted into a 1024 x 1024 matrix,
whereas the reconstruction matrix is 512 x 512 pixels. The monitor resolution on which
the scan output is displayed is 1280 x 1024 pix. The Somatom Scope Power device has
extended input parameters and the voltage and the current of the X-ray here are 130 kV
at 345 mAs (milliampere per second). A table with a maximum permissible load capacity
of 210 kg cooperates with the CT, which makes it possible to examine even larger objects
or specimens.

The position and centering of the specimen in the isocenter are important for setting
up the specimen for scanning. In the case of a skull, it is necessary to center the quality
of the image so that the resulting virtual representation and sections, axial and recon-
structed, sagittal and coronal, are exactly in the selected plane. The horizontal centering
corresponded to the level of approximately the external auditory canal (meatis acusticus
externus). It was scanned in a position similar to a person lying on their back, i.e., almost in
the frontal plane, which is suitable for perpendicular centering on antler coronets because of
other circumstances and the purpose of use (measurement of antler volume was performed
with a similar methodology as trophy evaluation in a measuring cylinder). In some cases,
the position was reversed, meaning that the splanchnocranium was pointing down. This
position was chosen in cases where it was necessary to align the sections of the coronets in
a plane perpendicular to the growth axis of the antler.
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The creation of the scanning protocol was inspired by the human default protocol for
a child’s head, with only slightly adjusted exposure parameters—added mAs (milliampere-
sccond) compared to the topogram-controlled CARE dose 4D (a specific system for current
modulation of radiation, which is used to reduce the radiation load) automatic system,
which is able to add mAs in larger areas for a better image quality because of temporal
resolution while reducing the radiation dose in areas where intense “radiation” is not
needed. The effective value of 180 mAs was never exceeded for a deer skull. For scanning
and reconstruction parameters, the following parameters were the most important for
the research: an “acquisition” section thickness of 2.0 mm (tolerance &+ 0.5 mm) and a
reconstruction section of 1.0 mm (tolerance £ 50%). The collimation of the detectors was
16 x 0.6 mm, i.c., the lowest possible and the recon increment was 0.5 mm. The kernel
selected was U90 ultrasharp to enhance the density interfaces, i.e., the accuracy of the edges
and contours to increase the accuracy of the measurement. For the virtual reconstruction,
the Syngo CT VC40 program was used. A standard bone window was selected, which
sufficiently displays both the antlers and the teeth in our case. The bone window is clearly
defined with brightness and contrast. The width of the window was 3000 HU (Hounsfield
units), and the window center was 400 HU. The acquisition FoV 1 corresponded to the
whole object, i.c., the skull including antlers, with the FoV2 corresponding to the second
reconstruction carefully defined only in the center of the coronets—as close as possible
to the perpendicular line to the axis of their growth up to the entire antler. A pitch
compromise of 1.0 between speed and image quality proved to be a very suitable solution
(Table 3). I'rom the acquisition, an MPR was created—a multiplanar reconstruction and
a measured object in a bone window using the “volume rendering” technique, i.e., VRT.
The measurements were performed in a bone window and on an aligned anatomical plane,
always accounting for the one that needed to be measured, i.c., correlated with the same
section. The measurements of antler volumes were performed in the Volume SW Siemens
Syngo application, and they were considerably simplified by the previous methodology of
creating the 2nd reconstruction and the selected FoV, when a part of the skull was already
cut off, and only the volume of the antlers was measured (Figure 5).

zemedelska univerzita Ceska zemedelska univerzita

Volume [cm?
Height [cm]
Mean [HU]

SD [HY)

L Threshold [HU]
U Threshold [HU]
L Eval Limit [HU]
U Eval Limit [HU]

W 1500
C 450

Figure 5. Measuring antler volume with a CT scanner.
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Table 3. CT protocol and measurements.

Thickness of
Scanning the Reconstruction s o
Protocol “Acquisition” Section (mm) Kernel Reconstraction Measuring
Section (mm)
Mandible  Child’s head 2 1 U9 FoV “"g‘“’dp'ff:(f"““""'
Skull Child’s head 2 1 U9 FoV2 \i,:'“““ W Stemens
Syngo application

The same exposure and reconstruction parameters were used to measure the mandible.
The same FoV was used for the 2nd reconstruction and centering, as well as storage in
the isocenter. The laser was centered on the gnathion (i.e., at the junction of the two parts
of the mandible), and the height centering thus corresponded to approximately half the
height of the mandible. The entire scanning process was performed twice for each object to
determine the sensing accuracy.

2.4. Primary Measurement
2.4.1. Digital Caliper

Mandibular quantities were measured using a digital caliper Kinex 6040-02-300. Cali-
bration was performed before each measurement. The measurement accuracy specified by
the manufacturer varies between 0.02 mm and 0.04 mm, depending on the object measured
and the measurer. Measurements were performed on all mandibles in two repetitions, i.e.,
all dimensions on each mandible were measured four times. The intention was to detect
the error made by the caliper and at the same time, to eliminate it for the determination of
the average values of each dimension.

2.4.2. Measuring Cylinder

The volume of the antlers was measured by the method determined by CIC [51]. This
method is based on the hydrostatic law of determining the weight of water displaced by
the antlers. The measurement is performed using pharmacy scales with a capacity of up to
1000 g and a sensitivity of 1 g—Kern PCB1000, in our study. I'irst, the trophy is weighed
in the air to determine the gross weight. In the second measurement, the antlers were
immersed in water in a graduated cylinder, with a volume of 10 L, up to the lower edge of
the coroncets so that they did not touch the walls or bottom of the vessel. The difference
between the values of the first and second measurements indicated the weight of water
expelled by the antlers in grams. One gram of displaced water represented 1 cm® of the
antler volume [55] (The volume measurement process was performed twice to determine
the accuracy of the method).

2.4.3. Reference Object

For calibration purposes, a silicone object (KRO) was created using a 3D printer. This
object was subsequently adjusted on a milling machine and handed over to the CMI (Czech
Metrology Institute) for calibration. The object was created to suit both technologies, mainly
in terms of material and surface.

Based on CMI recommendations, roe deer antlers were scanned and printed from ASA
(acrylonitrile-styrene-acrylic) and subsequently re-measured for further comparison of
measurement accuracy. Antlers represent a complex object that can show scanning errors,
unlike a simple KRO.

2.4.4. Statistical Analyses

In all cases, a paired #-test was used to determine the significance of deviations of the
scanner and CT measurements from the reference caliper measurement. The dependence
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of the measurement accuracy of the antler volume measurement determined by scanning
and CT measurement on the actual antler volume (measured by the reference method) was
analyzed by lincar regression. All calculations were performed in software R [56]. The
significance level chosen for all statistical tests was o« = 0.05.

The initial evaluation of differences between repeated measurements of identical
samples was evaluated using 95% confidence intervals computed using t-distribution.

3. Results

Lor the first analysis, we computed absolute and relative deviations between both
measurements with the caliper and the measuring cylinder. The mean absolute difference
between caliper measurements in the case of the LC parameter is 1.27 cm (95% CI 0.79-1.75),
which accounts for a relative difference of 0.39-0.86%. Low deviations were also observed
in the case of the HG parameter—mean absolute difference = 0.67, 95% CI = (0.39-0.96),
which accounts for a relative difference of 1.2-2.9%. For measurements in the measuring
cylinder, a mean deviation of 4.3 cm? (95% CI 3.83-4.77) was observed, which accounts for
a relative difference of 6.2-7.7% (Figure 6).

Scanner . CT
0.10
— 0.05 -
¥ § :
[
3 oo = ;
B ]
2 !
= 005 H .
o
0.10 .
015 °

LC BCP BML HG LBM LC BCP BML HG LBM
Parameter

Figure 6. Box plot of relative deviations of measured parameters (X) by selected methods (see text in
upper part). The deviances were standardized by hand measurement using the caliper.

The deviation of the 3D scanner and CT measurements of five selected mandible
parameters were evaluated by analyzing the absolute and actual deviations from the
measurements collected using a caliper. The highest absolute deviation (i.e., the lowest
observed deviations computed as |#m — e, where 1y stands for measurement by one of
the selected methods and . for primary measurement by caliper) was in the measurement
using the 3D scanner of the parameter BCP (mean = 0.42 mm), followed by .LBM (0.50 mm),
BML (0.54 mm), LC (0.87 mm), and I1G (1.04 mm). When measured by the CT method, the
BML parameter showed the lowest absolute deviation (mean = 0.32 mm), followed by HG
(0.46 mm), LBM (0.51 mm), BCP (0.58 mm), and L.C (3.00 mm).

When comparing the actual deviations of measurements derived from 3D or CT
scans with manual caliper measurements (computed as |, — 1c|), we found significant
differences for three of the five parameters in the 3D scanner measurements and two of the
five parameters in CT measurements. The results of the analysis of the actual deviations of
measurements are depicted in Table 4.
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Table 4. Results of statistical testing of measurement deviations using both methods from primary
measurements for all (60 samples) selected mandible variables.

Scanner CT
Average Nean Average Mean
Variable . 8 Relative . 8 Relative
Deviation p-Value 7 o Deviation p-Value A
Deviation Deviation
(mm) = (mm) o
(%) (%)
LG 0.873 <0.001 0.48 —2.683 0.014 1.57
BCP 0.285 <0.001 0.49 0.543 0.02 0.73
BMI. —0.069 0.42 2.83 —0.222 0.10 1.76
G 0.293 0.08 3.48 —0.143 0.47 137
LBM —0.342 <0.001 1.64 —0.298 0.10 1.55

Notes: .C—length of the cranium (condylobasal length), from the front part of the pars incisive to anterior-most
point of the processus condylaris; HG—height of the mandible, from the bottom of the syniphysis mandibulae to the
top of the nargo interalveolaris; LBM—Ieast breadth of the mandible; BCP—breadth of the mandible, between the
borders of the medial and lateral points of the caput mandibulae; BMIL—breadth of the caput mandibulae.

p-values were provided for the null hypothesis, which means the actual difference of
the selected parameter by the relevant method (CT/scanner) is equal to zero.

In the case of the LC parameter, a significantly positive deviation of the scanner
measurement from the primary measurement was observed. This contrasts with the results
from the CT method, where a significant negative deviation was observed for this parameter
(the CT method, which significantly underestimated the length of this parameter). For
the BML and HG parameters, no significant deviations were found in either case. The
LBM parameter was significantly underestimated in the case of scanner measurements; no
significant deviation was observed in the case of CT measurements (Table 4).

The accuracy of the digital caliper, 3D scanner, and CT measurements based on two
independent measurements of the LC and HG dimensions was compared. The difference
was insignificant, although this method recorded the largest average difference between
the first and second measurements of 1.27 mm for LC and 0.67 mm for HG. Conversely,
the lowest mean difference was recorded when using the 3D scanner: 0.15 mm for L.C and
0.05 mm for I1G (Table 5).

Table 5. Differences in the accuracy of the methods used for distance measuring of all wild boar

mandibles.
Max Min Average
Mean 1st Mean 2nd Difference Differénce Difference of 1st
between 1st between 1st
Measure- Measure- and 2nd
Method Para-Meter . & p-Value and 2nd and 2nd
ment/Scanning ment/Scanning Measure-
Measure- Measure- t
(mm) (mm) A : ment/Scanning
ment/Scanning  ment/Scanning
(mm)
(mm) {(mm)
- LE 202.94 203.06 0.996 2.28 0.22 1.27
Caliper
HG 33.50 33.50 0.999 1.63 0.24 0.67
LC 203.94 203.96 0.999 029 0.05 0.15
3D scanner
11G 34.07 34.07 0.999 0.13 0.01 0.05
. LC 207.26 207.20 0.998 0.98 0.18 0.44
CT scanner
HG 33.30 33.12 0.958 1.45 0.14 0.57

Analysis of the dependence of deviations in the measurement of antler volume using
the tested methods on the actual antler volume showed an insignificant trend (CT, p = 0.317;
3D scanner, p = 0.405) for the scanner and CT measurement method. In our experiment,
both technologies slightly overestimate the volume of the antlers, independent of their
actual volume. For the measurements derived from the CT scan, the average deviation
from the reference measurement is 4.49 cm® (95% confidence interval 2.77-6.209). The data
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from the 3D scanner shows a positive deviation of an average of 4.293 cm® (95% confidence
interval 2.738-5.847). The largest deviation was recorded for antlers with a smaller volume,
with the deviation decreasing with increasing volume (Figure 7).

Method
e CT
* Scanning

Measurement deviance [Vmet — Veontrol]

10 20 30 40 50 60 70 80 %0
Antler volume [cms]

Figure 7. Dependence of deviations of antler volume measurements by the investigated methods on
the actual antler volume. R-squared values: Scanner—0.025, CT—0.036.

The displayed p-values apply to the null hypothesis of a slope of the lincar regression
line equal to 0.

The second measurement was taken to determine the accuracy of the volume mea-
surements. The graduated cylinder measurement showed the greatest difference between
the first and second measurement, averaging 4.30 cm®. The CT and 3D scanner showed
the least difference in the measured values, with the 3D scanner yielding the more accu-
rate measurement with an average difference of 0.84 cm® between the first and second
measurements ('lable 6).

Table 6. Difference in the accuracy of the methods used for volume measuring of all (30 samples) roe
deer antlers.

Method

Cylinder
3D scanner
CT scanner

M 16k Mean 2nd Max Difference Min Difference Average
Measure- Measure- between 1stand  between 1stand  Difference of 1st
ment/Scanning ment/Scanning 14 2nd Measu.re- 2nd Measufe- and 2nd
(@) (cm?) ment/Scanning ment/Scanning Measurement
(cm®) (cm?) (ecm®)
60.47 62.83 0.646 7.00 2.00 4.30
64.76 64.87 0.982 227 0.02 0.84
61.62 64.96 0.493 6.00 0.80 3.33

Due to the volatility of measurement accuracy and differences in the use of the primary
method (digital caliper), a comparison of the measurement accuracy of the 31D and CT
scanners was performed with a reference object, which was calibrated by the CML These
measurements and subsequent comparisons showed negligible differences in accuracy,
with the maximum deviation from the reference measurement being 0.1355 mm in the
case of the length of C measured with a CI' scanner. Both the 31D and CT scanner showed
a negative deviation of 0.00855-0.1355 mm for the length measurements (Table 7). The
volume measurement showed a positive deviation of 0.062872 em? for the 3D scanner and
a negative deviation of 0.426 cm? for the CT scanner (Table 8). A subsequent print of a
duplicate of the antlers showed a difference of 1.35 cm® between the measurement by the
CT scanner and the 3D scanner (Table 8). A comparison of the two technologies showed
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that it is possible to obtain similar outputs in a similar time (Table 9). The main difference
is in the resolution: it is 0.01 mm for the 312 scanner, and 0.6 mm for the CT scanner. The
3D scanner is more suitable for scanning the surface of the object, whereas contrarily, the
CT scanner has the considerable advantage of scanning the interior of the object (Table 9,
Figures 8-10). The CT scanner offers the possibility of measuring the distance between
points, angle, volume of the entire object, volume of internal spaces, volume of partial
parts, density, and tissue structure. In the case of the 3D scanner, the main difference of the
measurable dimensions is that it cannot scan (and thus, evaluate) the internal spaces and
then measure the density.

Table 7. Comparison of the measurement accuracy of both technologies on a reference object cali-
brated by the CMI (Czech Metrology Institute).

CMI 3D Scanner CT Scanner
Length of side A (mm) 83.85485 83.729 83.7
Length of side B (mm) 83.83305 83.812 83.8
Length of side C (mm) 83.90355 83.895 83.8
Volume (cm?) 589.826 590.455 589.4

Table 8. Comparison of the measurement of antlers on the skull and the printed duplicate.

Volume of Antlers on the Skull (cm?) Volume of the Printed Antler Duplicate (cm?)
Messiiti Before Printing
C al.u::rg CT 3D Scanner According to CT 3D Scanner
i GrabCAD
94.00 99.20 99.42 99.42 97.40 98.75

Table 9. Comparison of the limits of both technologies.

Scanning Scanning Post-
Accuracy Preparation Tlme_ of / Pm.cessuflg Sc.;unalf)lllty Scannability of Special
(mm) (min)/ Mandible Time.g of Surface Internal Spaces Requirements
Brenaration Antlers Mandible/ Limits
P {min) Antlers (min)
Dependence on the
permeability of the
Metal-based outer material for
S X-ray and the Radiation
CT 0.6 3 2/3 3 materials L P
% overall size of the protection
create artifacts 7 P
object, soft tissue
detection in small
animals
Feathers and
fur, shiny
high-contrast Nossaaal
3D 0.01 3 2/5 2/8 surfaces after Not possible o
o ook requirements
anti-reflective
spray
. Unrepeatable; et
Digital 0.02-0.04 0 0 5/10 only distance Not possible No special
caliper 7 requirements

and volume

101



Animals 2022, 12, 3256 130f 19

3D

3D

Figure 9. CT scanner—an internal image of a roe deer skull with visible tooth roots and antler
structure.

102



Animals 2022, 12, 3256

14 0f 19

Figure 10. 31) scanner—a detailed view of external structures, including view of the fossa lacrimalis
externa, and detail of cranial vault sutures.

4, Discussion

Craniometry based on direct measurement, whether using a caliper or digitized
scales, is taking a back seat and modern technologies are increasingly becoming favored.
Mecasurements of 2D dimensions, such as of length or width, have proven very uscful
and have become common in human or veterinary cardiology and angiography (e.g., in
measuring stenoses of important arteries for use in therapy) [33], as well as in dentistry
and implantology [57]. Even today, many craniometric studies use a digital caliper with
an accuracy ranging from 0.01 to 0.5 mm as the primary measuring method [41,47,58-62].
In the case of a 3D scanner, when reconstructing the roe deer antlers [63], rotator cuff [64],
and vertebrae [65], the accuracy ranges from 0.01 to 0.1 mm; for human skulls [66], the
tissue equivalent phantom [67] and elbow joint [68], is 0.33-1.2 mm in a CT scanner. The
resolution found in our measurements for the 31D scanner ranged from 0.008 to 0.122 mm,
and the accuracy ranged from 0.01 to 0.29 mm. The accuracy of the CT scanner ranged from
0.14 to 1.45 mm; therefore, the 3D scanner seems to be a more accurate device. The set up
and the calibration of the device may affect the resolution, but the data obtained correspond
to the technical specifications stated by the manufacturer. The great advantage of scanners,
both 3D and CT, is that the measurement and scanning of the object are performed in
a non-contact manner. Thus, the measuring unit does not come into direct contact with
the measured object, which reduces difficulties, limitations, and the possibility of error.
This increases measurement accuracy and reduces the risk of potential damage to the
measured object held in the hand of the person measuring it [69-72]. The accuracy range is
significantly higher than that of hand-held 3D scanners [63,64]. In addition, the accuracy of
multi-row CT scanners is at a submillimeter level and determined by technical principles,
mainly the width of the detectors, which is proportional to the voxel size, usually from
0.4 mm and above. Measurement with these scanners is thus a significant benefit, first in
dentistry (especially in more complex reconstructive procedures) and now in implantology
(e.g., modeling of artificial heart valves to measure, etc.) [57].

The positive deviation of the LC and BCP parameters measured by the 3D device
is apparently the result of the inaccuracy of measurements when using digital calipers.
These are the longest parameters measured on the mandible. These parameters are the
measurements of the greatest distance on the mandible—any inaccuracy will necessarily
manifest itsclf primarily in them. This is also confirmed by the insignificant deviation
found for the BML and HG paramcters (smallest measured dimensions, Table 1). The
negative deviation of the .BM parameter is caused by inaccurate measurements using a
digital caliper and apparently, the measuring device itself. Accurate determinations of
craniometric points for LBM measurements are problematic and burdened with a significant
degree of subjective error; with calipers, there are significant deviations, whereas using 3D
scans, it is possible to determine the starting points for measurements more accurately. The
main reason for the negative deviation of the LC parameter measured by MDCT may be
the difficulty of detecting the starting points of the measurement in a given plane. One way
to solve the problem is additional post-processing, with the creation of additional sections
that accurately capture both points, but such a solution seems quite uneconomical with
respect to time, and the outcome is uncertain.
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In the case of measuring antler volumes, CT and 3D devices showed very similar
results. Compared to the reference measurement performed by the measuring cylinder
mcthod, a positive deviation was recorded for most antlers. The largest deviation was
recorded for antlers of smaller volumes, which indicates a direct relationship between
the measurement accuracy and the volume of the antlers. The main advantage of both
technologies is the possibility of precise delimitation of the part of the object whose volume
we want to determine. This difference is most noticeable in geometrically complex antlers,
or antlers that are on the pedicles at a very slight angle; such antlers are difficult to measure
with a measuring cylinder—the level of the fluid in the cylinder is always horizontal, and
the antler with the skull often cannot be inserted perpendicularly to the horizontal plane.
The printing of a duplicate of the antlers showed a similar trend, which was recorded
for most measured volumes of antlers; the CT scanner shows slightly lower measured
values than the 3D scanner, which is probably due to the somewhat more complicated
measurement of volume by the CT scanner and an error of the measuring device.

When using CT, the original intention was to perform all measurements in one (axial)
section showing the plane and the two farthest points clearly, which turned out to be rela-
tively time-consuming and difficult to implement. Such a methodology does not guarantee
that the selected section will display the correct starting and end points of the measurement
precisely. Even with careful centering of the object, there will be either a slight deviation,
which the human eye is unable to recognize, or an error due to overlooking the natural
lateral asymmetry of “bilaterally symmetrical animals (Bilateria)”, i.e., mammalian skulls.
According to the device specification, deviations of positional lasers for all measuring
planes in the value of £2 mm are also given. Concerning similar research [66], we chose
measurements using 31 VRT reconstruction, which we compared with axial sections on
10 samples (measured 10 times on cach on different planes). On the one hand, the mea-
surement helped us to speed up the work, and on the other, we evaluated the resulting
deviation (amounting to 0.5%) as normally acceptable and comparable with the results of
other authors [73-75]. The advantage of MDCT for similar contrasting objects (mandible,
antlers) is the relatively easy distinguishability of HU differences, but there still remains
the need to precisely set the imaging limits (in HU). For antlers, the main challenge was
to capture their cancellous part with a relatively high gas (air) content, and the need to
include the gas density within the limits. The advantage of MDCT, although it does not
have such a high resolution of details of the examined objects, is the non-destructive nature
of the imaging methodology, especially the possibility of 31 reconstructions.

The 3D scanner Atos Compact Scan is more appropriate and accurate for measuring
smaller objects whose size is not too far from the center point in any direction. High-
contrasted objects with glossy surfaces appear to be problematic. This problem can be
solved by using (removable) anti-reflective sprays to accurately digitize even very dark as
well as shiny objects without significantly affecting the accuracy of the measurements [73].
Contrastingly, CT Siemens, Somatom Scope, work more accurately on larger objects. This
is mainly due to the much lower output resolution (compared to the 3D device) when the
output voxel is significantly larger, and thanks to the defined layer width, it is possible that
smaller objects will be captured at the interface of the two detectors. The resulting accuracy
of measurements, verified by a calibrated reference object, shows a near equivalence of
accuracy in both methods, which is significantly higher compared to the methods used so
far [63-68,76,77]. Moreover, all methods have proven to be almost equally time-consuming,
which again leads us to choose a more accurate and replicable method.

5. Conclusions

Our proposed methodologies show the considerable potential of both technologies
used; each of them brings specific outputs with a wide range of applications. The estab-
lished methodology is substantially effective and demonstrates the correct use of instru-
ments for craniometry purposes. Detailed settings and the method of treatment of the
digitized objects show effective possibilities for scanning the skulls of animals and subse-
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quent measurements of quantifiable values. With regard to the comparison of measurement
accuracy with a calibrated reference object, it is also possible to state that both technologies
have high measurement accuracy, which ensures both obtain accurate results in a very
short time, and the possibility of their subsequent sharing and use for a wide range of
research. The recorded deviations were negligible in the case of KRO and indicate the
reliability of the methods used. Although differences in dimensional measurements may
seem insignificant, these values are crucial for many studies.

Both technologies allow for not only measuring standard craniometric dimensions,
but through them, we can also determine quantities such as the volume of individual
segments of the object, angles, lengths of curves, tissue density, and dimensions of internal
spaces. Both the 3D and CT scanners facilitate archiving and digitization across various
fields. A future scenario could include the creation or fulfillment of existing digital libraries
of 3D scans for the sharing and further use of data by scientists globally. Only a combi-
nation of both technologies and created methodologies can achieve comprehensive and
quality outputs.
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6. Diskuze

6.1. Kraniometrickd méfeni dolnich cCelisti

Kraniometrie je$té nedosahla svych hranic a sou¢asné studie ukazuji, Zze dalsi, dosud
nemeétfené znaky a rozméry mohou napovédét mnohé o individudlnich vlastnostech a zivoté
jedince. Zjistovani kraniometrickych parametri volné zijici zvéte piinasi informace o kvalité
populace, jejim vyvoji, geografické variabilité ¢i pohlavnim dimorfismu (Casanova and
Cabello 2019; Csanady et al. 2018; Ozen 2020; Rizwan et al. 2021; Wustinger, Galli, and
Rozpedek 2005).

V ptipad¢ dolnich Ccelisti srnéi zvéie byly zaznamenany rozdily v délce celisti.
Naptiklad srny z Polska vykazovaly v ptipad¢ mlad’at primérnou délku 132 mm a 156 mm u
dospélych srn (Wustinger et al. 2005). V nasi studii byly zkoumané mandibuly kratsi. Jejich
délka ¢inila 129,3 mm u srncat a 153,4 mm u dospélych samic. Nebyly zjiStény zddné vyznamné
rozdily v délce dolni Celisti mezi samci a samicemi. Primérna délka dolni Celisti srncti v Bosné
a Hercegoviné byla stanovena rovnéz na 156 mm (Avdi¢ et al. 2013). Délky zjisténé u jedinct
v Polsku a v Bosné a Hercegoving jsou nepatrné vyssi nez v ptipadé naSich vysledku. Tyto
rozdily jsou vzhledem K rtiznorodosti podminek zptisobeny spise nedostatkem vzorku, ktery
byl v obou pripadech markantné nizsi (5 jedincti a 30 jedinct) neZ v nami provedené analyze,
a tedy je pravdépodobné, ze vékové zastoupeni a riznorodost vzorkl nebyla dostacujici ke
stanoveni adekvatni pramérné délky Celisti. Nejvétsi narust Celisti byl zaznamenan v prvnich
péti letech Zivota, coz uvadi i Dvoiak, Kamler and Sarman (2002). Délka &elisti se nejvice
zvySuje v prvnim roce zivota, poté dochézi k ustdleni a primérnému nartistu ptiblizn¢ o 10 mm
az do véku 4 let, obdobné vysledky uvadi Vach (1993). Prvni rok Zivota je pro jedince zcela
zasadnim pro jeho budouci vyvoj a intenzivni narlist rozmérii lebky zpravidla poukazuje na

dobry vyvoj, a tedy i vhodné ¢i alespon dostacujici podminky pro Zivot jedince dané¢ho druhu.

V ptipadé prasete divokého byl zaznamendn rozdil mezi samcem a samici v nékterych
parametrech dolni cCelisti, coz uvadi také (Pérez-Barberia et al. 2015). Vyska dolni celisti od
spodni ¢asti symphysis mandibulae k horni ¢asti margo interalveolaris dosahuje u samci
vysSich hodnot nez u samic, stejné jako uhel dolni Celisti v oblasti fezakové kosti, ktery je u
samcl mensi neZ u samic, mize se jednat o znamku adaptace dolni ¢elisti na budouci rist
Spi¢akd. Rust zubu zacind béhem embryonalniho vyvoje (Tucker and Sharpe 2004), coz
vysvétluje pozorovani rozdil mezi samci a samicemi v takto raném veéku. Zaroven rozdilny

pomér vyskytu Pla naznacuje, ze se jednd o tzv. pohlavni dimorfismus na dolni Celisti. Staly
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chrup prasete divokého ma 44 zubu (Thenius 1989), vyznacujici se nestabilnim ristem jednoho
z nich-Pla (Badr 2018). Anezaki, Hongo and Kurosawa (2013) zaznamenali vyskyt Pla v
praméru u 59 % jedincti z japonskych ostrovii, coz neodpovida zjisténym hodnotam, kdy byl
zaznamenan vyskyt u 83 % jedincl bez rozdilu pohlavi. Rozdil ve vyskytu Pla lze jen téZko
zduvodnit, nebot’ nedokdzeme porovnat Vtomto piipad¢ ani parametry celisti vzhledem
k chybéjici informaci o véku jedincti ve zminéné studii (Anezaki et al. 2013). Rozméry celisti
a jejich korelace s hmotnosti mohou poukazovat také na jiné aspekty, které¢ zivot jedince
ovliviiuji. Stres nebo nedostatek potravy v prvnich mésicich zivota mohou zplisobit zpomaleni
rastu nebo jeho Gplné zastaveni (Hamel et al. 2016; Metcalfe, Monaghan, and Metcalfe 2001).
V zimnim obdobi a kratce po ném je ukolem lesniho ekosystému poskytovat dobry zéklad pro
zdravy vyvoj selat v klidu, se zdrojem potravy a ukrytem (Baubet and Brandt 2003; Melis et al.
2006). Vétsina selat z nasi studie (58 %) se narodila v obdobi od tinora do bfezna, coZ je obvykle
obdobi, kdy nejsou V krajiné zadné zemédelské plodiny, které by poskytovaly ukryt, takze
jedinym mistem nabizejicim klid a kryt jsou lesni porosty. Bylo zjisténo, ze cCelisti jedinci
zijicich v lokalitach s vétSimi zalesnénymi plochami (kategorie 200-500 ha a vice nez 500 ha)
vykazovaly vetsi rozméry nez, jedinci z méné zalesnénych oblasti. Tyto vétsi lesnaté oblasti
pravdépodobné nabizeji lepsi moznosti Ukrytu neZ polni plochy, coZz mlZe byt v prvnich
meésicich rozhodujici. Prase divoké dava prednost lesnim porostim i béhem vegeta¢niho obdobi
zemédélskych plodin (Ferretti et al. 2021; Kim, Cho, and Choung 2019; Markov, Pankova, and
Morelle 2019; Popczyk et al. 2022; Thurfjell et al. 2009), a to i v situaci, kdy je napadeno
africkym morem prasat (Cukor et al. 2020). Stresové faktory, jako jsou nedostatek krytu,
potravy a ptipadné ruseni, vedou ke sniZeni laktace u samic a naslednému zpomaleni zvySovani
hmotnosti ¢i stagnaci rustu (Black et al. 1993; Brajon et al. 2017). Zaroven minimalni
pozadavky na domovsky okrsek, ktery je ovlivnén potravni nabidkou, rocnim obdobim ¢i
antropogennimi vlivy (Calenge et al. 2002; Maillard and Fournier 1995; Singer et al. 2004), se
Vv ptipad¢ vhodného habitatu s dostatkem krytu a potravnich zdroji u prasete pohybuji od 100
ha do 400 ha (Boitani and Mattei 1992; Fattebert et al. 2017; Keuling, Stier, and Roth 2008;
Lemel et al. 2003; Maillard and Fournier 1995), coz je rozmezi odpovidajici nami zjisténé

minimélni rozloze lesniho porostu.

Dulezité je si uvédomit provazanost lebe¢nich parametri a hmotnosti jedince. Vzajemny
vztah kraniometrickych rozmérti a hmotnosti byl potvrzen naptiklad u jelena evropského
z oblasti Skotska, Anglie i Danska (Lowe 1972) ¢i Norska (Langvatn, Mysterud, and Stenseth

2004). Tato pozitivni korelace, kdy vétsich rozméru Celisti dosahuji jedinci s vys$§i hmotnosti,
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byla zaznamendna i v obou nasich analyzach, a to jak v pfipad¢ srnce obecného, tak v piipadé
prasete divokého. Spojeni kraniometrickych parametri a hmotnostnich parametr je velmi
dilezitym clankem prave vzhledem k vzajemné korelaci. Stejny trend byl zaznamenan
napiiklad u losti v Norsku (Seather 1983), srn¢i zvéte z Francie (Hewison et al. 1996) a Polska
(Szymanski and Kamieniarz 2018) a dokonce je popsan 1 u zcela odlisné Celedi a to u
plejtvakovitych (Pyenson, Goldbogen, and Shadwick 2012). V ptipadé piezvykavci je navic
s nami dosazenymi vysledky shodny také fakt, ze vzédjemna pozitivni korelace délky mandibuly
a hmotnosti je vyraznéjsi pravé u mlad’at (Hewison et al. 1996; Langvatn et al. 2004; Lowe
1972; Seether 1983; Szymanski and Kamieniarz 2018).

6.2.  Hmotnostni parametry a kvalita masa

Hmotnostni parametry jedince poukazuji na fyzickou kondici. Ta je ¢asto ovlivnéna
fadou faktorti, mezi primarni fadime prostredi, ve kterém se jedinec vyskytuje, mizeme uvést
napiiklad adaptaci na dlouhodoby vyskyt snéhové pokryvky (Kelsall 1969), nejcastéji je vSak
hmotnost ovlivnéna zakladnimi podminkami prostiedi, jako je potravni nabidka (Putman and
Staines 2004), kryt, teplotni podminky (Pérez-Barberia et al. 2020), stresovy faktor ¢i populacni
hustota (Ashley, McCullough, and Robinson 1998). Navic hmotnostni parametry souvisi
s mnoha dal§imi znaky jedince, télesny vyvoj je urujicim faktorem pro Sanci na pteziti jedince
a jeho moznost se dale rozmnozovat, zvlaste pak, jedna-li se o jelenovité (Albon and Mitchell
1986). Hmotnost je mimo jiné ¢astym znakem pohlavniho dimorfismu (Ditchkoff et al. 2001;
Krebs and Cowan 1962; Weladji et al. 2005). V ptipad¢ jelenovitych je velmi dilezité parozi,
které je u mnoha druhti nejenom znakem pohlavniho dimorfismu, ale také znakem dobré
fyzické kondice (Vach 1993). Parozi tvoii 1-5 % té€lesné hmotnosti (Huxley 1931), tyto hodnoty
jsou velmi podobné u vétSiny druht jelenovitych, v ptipadé nami sledované populace jelena
siky byla primérna hmotnost parozi 5 %. Z pohledu potravni nabidky muze sehrat roli
ptikrmovani zvéte, zvIasté pak v zimnich mésicich a v obdobi paroZeni. Zimni pfikrmovani se
provadi z riznych divodi, avSak ¢asto souvisi s udrzenim vysokych pocetnich stavii za ucelem
lovu, se zlepSenim trofejové kvality nebo za icelem kompenzaci a mozného snizovani $kod v

lesnim hospodafstvi (Putman and Staines 2004).

Jelen sika, jakozto neptivodni druh na uzemi Ceské republiky, ale také mnoha dal3ich
statd svéta (Gallardo 2014) je castym stietem zajmu, zejména zZ divodu $kod pusobicich na
lesnich i zemédé€lskych pozemcich (Uchida et al. 2001). Hmotnost jedincti v oblasti puvodniho
vyskytu je vyrazné vyssi nez u ndmi sledované zvéie jelena siky z oblasti Konstantinolazenska.

Lan¢ z Japonska vykazovaly rozptyl hmotnosti od 25 do 80 kg, zatimco jeleni 50 — 130 kg
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(Ohdachi 2009), taktéz vyssi hodnoty byly zaznamenany Whitehead (1972). Piivodni habitat
se predpoklada jako nejlepsi mozny pro prosperitu jedince, cemuz by odpovidaly vyssi hodnoty
jedinct z Japonska. Hmotnost jedince bez rozdilu pohlavi a ve€ku byla v nasi studii 42 kg.
Primérna ziva hmotnost kolouchd, lani a jelenti byla v naSem piipadé 26, 46 a 61 kg. Hmotnost
lané a jelena se téméf shoduje s Husak et al. (1986), ktery udava zivou hmotnost lané a jelena
45 a 55 kg. V ptipadé hmotnosti vyvrzenych kolouchd je mozné konstatovat, ze zjisténa
hmotnost koresponduje s nékolika autory (Jezek et al. 2016; Ueckermann 1972; Wolf 1999).
Hmotnost lani po vyvrzeni v oblasti Kladské a Manétinska byla 28,8 kg a 29 kg (Jezek et al.
2016), coz je niz§i hmotnost, nez nami zaznamenanych 34kg. Velmi podobna hmotnost byla
zaznamenana u lani z Litovelska (Wolf 1999). Ostatni autofi uvadi hmotnost v rozmezi 25-30
kg (Babicka et al. 1977; Feldhamer et al. 1985; Husak et al. 1986; Ueckermann 1972).
Zaznamenana primérnd hmotnost jelena, bez rozdilu véku byla 46,7 kg, velmi podobné
hodnoty byly zaznamenany také u jedinct z Litovelska (Wolf 1999). Naopak u jedinct

z Némecka byla zaznamenana niz$i hmotnost (Ueckermann 1972), obdobna situace byla u

MV

wrwe

vysokou popula¢ni hustotou.

Procentuélni podil hmotnosti po vyvrZzeni v porovnani s celkovou hmotnosti ¢inil u
kolouchti 73,6 %, 73,8 % u lani, 75,4 % u jelenich samct a 74 % u pro vSechny jedince bez
rozdilu v€ku a pohlavi. Zjisténé hodnoty jsou nejblize hodnotdm Zimy (1986), 72 % pro
kolouchy, 74 % pro lan¢ a 75 % pro jeleny. Feldhamer, Stauffer and Chapman (1985) uvadi u
lani 70 %, a u jelent 71,9 %. Pravé vykupni hmotnost, tedy, v ptipad¢ jeleni zvete, hmotnost
bez hlavy a béht, byva €astéji dostupnym tidajem a zjistény procentualni pomér Zivé a vyvrzené
hmotnosti mize byt dobrym voditkem pro orientacni zjiSt€ni hmotnosti Zivé zvéte v piipadé

nedostupnosti téchto udaju.

Danék evropsky je stejné, jako jelen sika ¢asto vyhledavan kvili své chutné zvéfing, na
rozdil od jelena siky je také Castéji chovan ve farmovych chovech pravé za ucelem ziskani
kvalitniho masa. Farmové chovani jedinci vétSinou dosahuji vySSich hmotnostnich parametrti
nez voln¢ zijici zvéf, a to zvlaste¢ diky pravidelnému piisunu kvalitniho krmiva, pouzivani
antiparazitik a doplitki krmiv napomahajicim zdravému vyvoji (Serrano et al. 2019). Primeérna,
nami zjisténa, vykrvena télesna hmotnost danku (57,16 kg) a danél (43,13 kg) se pohybovala v
rozmezi, které uvadi Bothma (2014). Podobnou télesnou hmotnost zjistil i Stanisz et al. (2015).

Jiz u ro¢nich jedinct byl zaznamenan rozdil mezi samcem a samici 9,3 kg (Morris et al. 1992).
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Ziva hmotnost jedince vSak miZe byt velmi variabilni v disledku rtiznych vlivel prostiedi
(Volpelli et al. 2002). Hmotnost jate¢né upraveného téla zavisi na zivé hmotnosti a je tedy vyssi
u samct, coZ je v souladu se studiemi Janiszewski et al., (2011). Podobn¢ jako v nasem piipadé
ani Stanisz et al., (2015) nezjistil rozdil v procentualnim podilu Zivé hmotnosti a vyvrzeného
téla mezi pohlavimi. Kvalitu masa lze hodnotit na zdklad¢ jeho chemického slozeni. Obsah
susiny u danki z nasi studie byl vy$$i u samct nez u samic, coz se shoduje s vysledky Hutchison
et al. (2014) a Piaskowska et al. (2016), ktefi uvadéji obsah susiny u samct 25,7 % a u lani
samic 24,9%. Na druhou stranu Stanisz et al. (2015) nezjistili vliv pohlavi na obsah suSiny v
MS. Obsah IMF je dilezity pro senzorické vlastnosti a typickou chut’ masa, zejména zvétiny.
Normalni primérny obsah IMF bez rozdilu druhi jsou 2-3 %. Vétsina druhti zvéfe ma obsah
tuku nizsi nez 3 %, u danci zveére dokonce nizsi nez 1 %. MLLT neméla vyznamné niz§i obsah
tuku a tyto vysledky se shoduji s Bykowska et al. (2018), ktera prokazala nizsi obsah IMF u
MLLT nez u MS. Obsah bilkovin vykazoval vy$§i hodnoty u samctli, coZ nezaznamenali
Piaskowska et al. (2016). Podobn¢ jako naSe v nasem piipadé se vyjadiili i Bykowska et al.
(2018), kteti zaznamenali vy$$i obsah bilkovin u MLLT.

6.3. 3D zobrazovaci technologie v kraniometrii

Kraniometrie zalozena na pfimém méfeni, at' uz pomoci posuvného méfitka nebo
digitalizovanych vah, ustupuje do pozadi a stdle vice se upfednostituji moderni technologie.
Meéteni 2D rozmérd, jako je délka nebo Sitka, se ukdzalo jako velmi uzite¢né a stalo se béznym
v humanni nebo veterindrni kardiologii, angiografii (napf. pfi méfeni stenoz duleZitych tepen
pro vyuziti v terapii) (Uehata et al. 1993), ale i ve stomatologii a implantologii (Van Dessel et
al. 2013). I dnes se v mnoha kraniometrickych studiich pouziva jako primarni metoda linearni
méfeni s pouzitim digitalniho posuvného métitka, jehoz piesnost se pohybuje od 0,01 do 0,5
mm (Korablev et al. 2019; Markov 2014; Markov and Academy 2016; Mattioli and Ferretti
2014; Morata et al. 2020; Ozen 2020).

Presnost méfeni a piipadny vznik chyb je artiklem dualezitym pro sledovani, zejména
pokud chceme dosdhnout kvalitnich vystupt. K eliminaci chyb vznikajicich pfi méfeni je
napomocna dobra znalost techniky a jeji Casté opakovani (Heathcote 1994). Opakované méteni
ma potencial ovlivnit vnitini chybu méteni pozorovatele, zatimco méfic se postupné posouva
k priblizeni se skute¢né hodnoté nebo naopak. Tedy opakovani méfeni nevede nutné k eliminaci
zdokonalit a pfiblizit tak vyslednou hodnotu skuteCnosti, ve vétSin¢ piipadi vSak dojde

k odchyleni od skute¢né hodnoty a ustaleni této odchylky (Utermohle, Zegura, and Gary 1983).
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Pokud se zaméfime na chybu digitalnich méfeni, ani zde neni zaruceno, Ze bude mensi
nez v pripadé mefeni manudlnich. Stile je zde nepominutelny lidsky faktor, sehravajici
vyznamnou roli ve vysledku. Technologické postupy jsou Casto naro¢né na kvalifikovanost
pracovnika a precizni aplikaci. Napiiklad fotogrammetrické modely vyzaduji vlozeni métitka
k modelu ruénd. Casto pouzivany program Agisoft Photoscan umoziuje nékolik zptsobi
vlozeni méfitka, a to at’ uz vybérem bodl na modelu a ur€enim jejich vzajemné vzdalenosti, ¢i
napiiklad vlozenim soufadnic, vSechny zpiisoby jsou zatizeny chybou. Nésledna ptesnost
meéieni provadénd pomoci Agisoft Photoscan je cca 1 mm (Prieto and Pérez Ramos 2015).
Digitalni fotogrammetrie se jevi jako cenové dostupna alternativa vzhledem Kk cenoveé

wev

naro¢néjsim digitaliza¢nim metodam, jako je laserové skenovani (Sholts et al. 2011).

Neopomenutelnou vyhodou 3D digitalnich dat je jejich sdileni. Opét se ovSem
dostavame k otdzce kontroly chyby pozorovatele/métie, bez niZ nelze vytvaret zavéry a
sdilend data tak mohou nést zatéz chybovosti (Lee and Gerdau-radonic 2020). V ptipadé 3D
skeneru pii rekonstrukci srnéich parohd (Barba, Fiorillo, and De Feo 2013), rotatorové manzety
(Park, Chung, and Kho 2006) a obratli (Kimberly A Plomp et al. 2019) se piesnost pohybovala
od 0,01mm do 0,1 mm; u lidskych lebek (Kim et al. 2012) a loketniho kloubu (Lalone et al.
2015) je to 0,33-1,2 mm. Rozliseni zjisténé pii nasich mé&fenich na 3D skeneru se pohybovalo
0d 0,008 do 0,122 mm a ptesnost od 0,01 mm do 0,29 mm, tedy vyssi, nez v piipadé zminénych
studii. Pfesnost CT skeneru se pohybovala od 0,14 do 1,45 mm, tedy v naSem piipadé se 3D
skener jevi jako pfesnéjsi zafizeni. Nastaveni a kalibrace zafizeni mize mit vliv na rozliSeni,
ale ziskané udaje odpovidaji technickym specifikacim uvadénym vyrobcem. Velkou vyhodou
skenert, a to jak 3D, tak CT, je, Ze méfeni a snimani objektu probiha bezkontaktnim zptisobem.
Me¢fici jednotka tedy nepfichazi do pfimého kontaktu s méfenym objektem, coZ sniZuje
prostorova omezeni a moznost vzniku chyb. Tim se zvySuje pfesnost méfeni a snizuje se riziko
mozného poskozeni méfeného objektu, ktery drzi méfici osoba v ruce (Baca, DB, Deutsch, CK
1994; Bhat and Smith 1994; Moss et al. 1989; Wilson et al. 1997). Pfesnost snimani je vyrazné
vyssi u statickych nez u rucnich 3D skenert (Barba et al. 2013; Park et al. 2006). Pti pouziti
CT bylo ptivodnim zdmérem provést vSechna méteni v jednom (axidlnim) fezu, ktery by jasné
zobrazil rovinu a dva nejvzdalenéjsi body, coz se ukazalo jako pomérné Casoveé ndrocné a
obtizné proveditelné. Pokud jde o podobny vyzkum (Kim et al. 2012), zvolili jsme méfeni
pomoci 3D rekonstrukce VRT, které jsme porovnali s axidlnimi fezy na 10 vzorcich. Toto
meéteni pfineslo odchylku (0,5 %) srovnatelnou s vysledky jinych autorti (B. F. Gribel et al.
2011; Schaaf et al. 2010; Yang et al. 2019). Vysledna piesnost méteni, ovétena KRO, vykazuje
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u obou metod témet rovnocennou presnost, ktera je ve srovnani s dosud pouzivanymi metodami
vyrazné vyssi (Barba et al. 2013; Hohl et al. 2014; Kim et al. 2012; Lalone et al. 2015;
Milenkovi¢ et al. 2010; Park et al. 2006; Kimberly A. Plomp et al. 2019; Ueguchi et al. 2018).
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(. Zavér

Kraniometrické parametry métené na dolnich celistech mohou byt spolehlivym a snadno
pouzitelnym ukazatelem kvality lokalni populace volné zijici zvéfe. Vzhledem ke vzajemné
korelaci téchto proménnych s hmotnostnimi parametry, pohlavim a vékem jedince lze na
zéklad¢ takto provedenych analyz populaci posoudit a dle vysledkli nastavit odpovidajici
management. Tohoto je mozné vyuzit zvlasté v piipadé srnci zvéte, ktera velmi citliveé reaguje
na vnéjsi 1 vnitini faktory, které populaci ovliviiuji. Pfevdzné stres je vyraznym faktorem,
zpusobujicim snizeni kvality populace. Pravé Clovek je velmi Castym Cinitelem pii vzniku
stresovych situaci. AC zver a jeji vyvoj ovliviuji také vnitrodruhové faktory, castéji mizeme
nestabilitu jedince pfisuzovat antropogenni ¢innosti. Nevhodné zasahy do populace, ruseni
zveéte, ovliviiovani prostiedi a potravni nabidky ¢i vytvafeni populacni nerovnovahy nese své
nasledky. Tyto vlivy se nasledné ptimo odrazi na kvalité jedince, pfevazné pak na jeho fyzické
kondici a celkovém vyvoji. Nasledné¢ je mozné pozorovat na vyvoji kraniometrickych
parametrii pomaly nartist rozmért a neodpovidajici hodnoty pro dané prostredi, v€k a pohlavi
jedince. Jiz Hell (1979) uvadi, ze pokud dojde k poklesu celkové délky lebky srnci zvéie pod

20 cm, je vhodné snizit populacni hustotu, coz odpovida piedchozim zavérim a vede

k zamysleni nad souasnym managementem zvéte.

U prasete divokého se mimo zékladni vztah mezi kraniometrickymi rozméry a fyzickou
kondici jedince ukézal také vedlejsi faktor, ktery populaci vyrazné ovliviiuje a tim je dostatek
krytu. Dostate¢ny kryt zvéfi zajisStuje klidové podminky a je-li doplnén také vhodnou a
dostatenou potravni nabidku, pak vyrazné ptispivad k prosperité jedince. Ackoliv byl
analyzovan také relativni pomé&r lesni plochy (bez vlivu), absolutni hodnota 200 ha se ukazala
byt zékladem pro dostatecny kryt ¢erné zvefe. Krytem byl minén lesni porost v ramci honitby,
nez piipadné zemédélské plodiny, které mohou zajistovat pfechodny kryt, nebot’ vétSina
mlad’at byla narozena v brzkém piedjaii a na jate, kdy nejsou zemédé€lské plodiny dostupné.
kryt, klid a moZnost pfijmu potravy zpisobuje u samic pokles ¢i Uplné zastaveni laktace, které

muze mit pro mlad’ata fatalni nasledky.

Jak jiz bylo zminéno, ptfimy vztah ristu lebky a hmotnostnich parametrii je zcela ziejmy.
Hmotnostni parametry jelena siky poukazuji na pohlavni dimorfismus, kdy samice maji o 35 %

nizs§i hmotnost nez samci. Procentualni pomér hmotnosti jedince ihned po uloveni a po vyvrzeni
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byl stanoven na 74 %. Mimo jiné se potvrdil vyznamny podil hlavy s trofeji na hmotnosti
jedince. Hmotnost celého téla se ukazala byt urcujici pro hmotnost jater a srdce jedince.
Obdobné, jako u jelena siky 1 u danéi zvétre byl zaznamenan pohlavni dimorfismus hmotnosti.
Soucasny zajem Se neupira pouze ke snaze vést management, ktery by zachovaval zdravou a
kvalitni populaci, ale pfevazné¢ na management regulujici pocetni stavy. Takovy management
ptinasi vedlejsi efekt, a to zvySeni produkce zvéfiny u které neni dilezitym faktorem pouze
hmotnost, ale také jeji kvalita. V ptipadé danci zvéfe byl pozorovan vyssi obsah susiny a
bilkovin u samcii nez u samic. Dan¢i maso ma vysokou nutri¢ni hodnotu, zejména diky profilu
prospé$nych mastnych kyselin ve vztahu k lidskému zdravi. Analyza mastnych kyselin navic
ukazala vyssi obsah nasycenych mastnych kyselin a mono nenasycenych mastnych kyselin u
samcu nez u samic. S nastupujicim trendem zdravé vyzivy a zlepSenim dostupnych zdroja
potravin se zvéfina stava vhodnym a vyhledavanym produktem, ktery spliiuje naro¢né

pozadavky na kvalitu.

Samotné zjisStovani parametrii zvétre je ¢asto uskalim pro ziskani adekvatnich vysledkd.
Ackoliv jsou kraniometrické parametry velmi uzite¢nym prostiedkem pro sledovani kvality a
vyvoje populace, metody, jimiZ jsou ziskavany jsou neziidka limitované, pfevazné pak svou
presnosti, moznosti opakovatelnosti ¢i samotnymi limity méfitelnych proménnych. Pokud
bychom se zaméfili na potencial 3D zobrazovacich metod, je tieba fici, ze kazda z nich pfinasi
zcela specifické vystupy s velkou Skalou uplatnéni. 3D scanner je velkym potencidlem zejména
pro archivaci a digitalizaci napti¢ obory, zvlasté pak pro antropologii, paleontologii, patologii
a diky své pfesnosti a moznostem meéteni jisté¢ nalezne své misto i pfi mapovani populaci ve
zcela novych rozmérech. CT scanner je naopak vhodnou modalitou pro jakékoliv post mortem
CT vysetfeni diky ziskani kvalitn€jSich vystupnich dat pomoci vysoko davkovych akvizic,
v medicin€ neaplikovatelnych. Hlavnim nedostatkem je jednoznacn€ 3D zobrazeni struktur a
obecné¢ nedestruktivni zobrazeni komplexnéjSich preparatd, vcetné méfeni vnitinich
struktur. Pravdépodobné se jevi také uplatnéni na poli forenznich obort, veterinarniho a
zoologického zkoumani a ¢i terminalni balistiky. 3D scanner je velmi pfesnym piistrojem pro
snimani vngjSich struktur. Nabizi moZnost mé&fit vzdalenosti mezi jednotlivymi body, ale také
délky kiivek presné kopirujici objekt ¢i jeho ¢ast, thel, ktery objekt v urcité sekci svird a objem
s moznym definovanim na konkrétni ¢ast objektu. Idedlnim scéndfem pro vyzkum na poli
anatomie, kraniometrie a podobnych obort se jevi kombinace obou uvedenych metod, a to

o 24

také na detailni zobrazeni vnitinich rozmérii. Pravé nové rozméry, které nebylo dosud mozné
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mefit by mély pfinést oziveni kraniometrie a jejiho vyuziti, a to se ziskdnim velmi pfesnych
dat. Hlavnim potencidlem modernich méficich metod zaloZenych na digitalizaci obrazu z
hlediska kraniometrie je v prvni fadé opakovatelnost méfeni a moznost sdileni vysledkt napfic
védnimi obory. Chyb¢jicim c¢lankem jsou cCasto metodické postupy, vedouci k ziskani
relevantnich vystupti. VySe uvedena metodika je moznym nastrojem pro aplikovani 3D

zobrazovacich metod v Kraniometrii a stava se zakladnim pilifem pro navazujici vyzkumy.

Soucasna doba si vyzaduje technicky pokrok a rozsiteni moznosti pii ziskdvani novych
informaci. Vzhledem k tlaku, ktery je vyvijen smérem k regulaci zvysujicich se stavl zvéie
v ramci Ceské republiky je tfeba cilit myslivecky management spravnym smérem a toho nelze
dosahnout bez informaci o vyvoji a stavu jedince/populace konkrétniho druhu v dané oblasti a
jeho fyzické kondici, které 1ze ziskat praveé prostiednictvim biometrie. A€ je regulace pocetnich
stavi nutnd, méla by byt provadéna trvale udrzitelnym zplsobem, tedy tak aby dotéené druhy

byly schopny i v ptipad¢ intenzivni regulace produkovat zdravé a silné jedince.
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8. Seznam pouZitych zkratek

MAS — miliampér sekund

FoV — field of view — zobrazované pole

CT — computed tomograph

MDCT — multidetector computed tomograph

KRO — kalibrovany referen¢ni objekt

RTG — rentgen

ATOS — Advanced Topometric Sensor

MPR — multiplanarni rekonstrukce

VRT — volume renderinque technique

HU — Hounsfieldovi jednotky

MRI — magnetickd rezonance

LA — délka od ptedni ¢asti pars incisive k nejptednéjsimu bodu collum mandibulae
LC — délka od piedni ¢asti pars incisive po nejptednéjsi bod processus condylaris

AHR — Aboralni vyska vertikalniho ramusu — od dolni ¢asti tuberosistas musculi mandibulare
po vrchol caput mandibulae

OHR - oralni vyska vertikalniho ramusu — od dolni ¢asti tuberosistas musculi mandibulare po
vrchol processus coronoideus

MHR - stfedni vyska vertikalniho ramusu — od spodni ¢asti tuberosistas musculi mandibulare
po vrchol incisura mandibulae

LP1L — Rozmér prostoru mezi Pla a P1 (leva strana)

LP1R — rozmér prostoru mezi Pla a P1 (prava strana)

HM1 — Vyska dolni Celisti u septum interalveolare m1

HG — Vyska dolni Celisti od spodni casti symphysis mandibulae k vrcholu margo interalveolaris
LS — délka symphysis mandibulae

LR — $i7ka dolni Celisti mezi ramus mandibulae a angulus mandibulae

Bl — Sika arcus alveolari v pars incisiva od hranice jugum alveolare i3

vvvvv

BCP —sitka dolni ¢elisti mezi hranicemi medialniho a lateralniho bodu caput mandibulae. BML
— Sifka caput mandibulae

BM - sitka dolni Celisti od septum interalveolare v m1
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TM — tloustka septa interalveolare dolni ¢elisti u m1

HI — vzdalenost mezi sttedem arcus alveolaris incisiva a fixni podlozkou
MLLT — musculus longissimus lumborum et thoracis

MS — musculus semimembranosus

MSV — musculus serratus ventralis
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