Bongo horsky (Tragelaphus euryceros isaaci) je typickym predstavitelem okusovact
Mountain bongo (Tragelaphus euryceros isaaci) is a typical representative of browsers  Foto/Photo by Roman Vodicka
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Prezvykavi (Ruminantia) jsou pocetnou, vyvojové velice Uspésnou skupinou herbivornich savcl. Tento
podrad sudokopytnikli zahrnuje 3est celedi, fylogeneticky bazélni kancilovité (Tragulidae), jelenovité
(Cervidae), kabarovité (Moschidae), druhové nejpocetné;jsi turovité (Bovidae), Zirafovité (Giraffidae)
a vidlorohovité (Antilocapridae). Fylogeneticka diferenciace savcll Uzce souvisi s potravni specializaci.
Jednu z nejuspésnéjsich adaptaci piedstavuje pfedzaludek pfezvykavych, vyjime¢na evolué¢ni ino-
vace traviciho traktu, ktera je zajimava nejen anatomicky, ale i svou funkénosti. Vyjimecnost tohoto
sloZitého organu tkvi hlavné ve schopnosti vysoce efektivni pfemény a vyuziti energie a Zivin, i pro re-
lativné velké druhy zvifat z potravy, ktera je pro vétsinu ostatnich druhd i ¢lovéka obtizné stravitelna
nebo zcela nestravitelna.

ruminant nutrition, feeding ecology, digestive system, captive diet, browser-grazer comparison

SloZity vyvoj adaptaci traviciho traktu trval miliony let, sou¢asné paleontologické a fylogenetické po-
znatky ndm mohou pomaoci predstavit si, jakym zptsobem si evoluce hleda cesty.

Dle fosilnich zdznam( v paleocénu pred 65-56 mil. let zacali zaplrovat volné suchozemské ekolo-
gické niky po dinosaurech dnes vyhynulé druhy prvnich velkych listozravych savct pantodontd (Alroy
1998, Smith et al. 2010, Raia et al. 2013). V dusledku zvySovani globélnich teplot byl celosvétové do-
minantnim prostfedim destny tropicky a v dne$nim mirném podnebném pésu vihky subtropicky les
(Stromberg 2011). V oblastech polarnich pak dnes jiz se na Zemi nevyskytujici polarni opadavé lesy,
jez sezénné shazovaly listy ne kv(li nizkym teplotdm, ale kvili nedostatku svétla v zimé (Janis 1998).
Jiz v tomto obdobi doslo k oddéleni linii s pfedky dnednich radd kopytnik(, pravdépodobné z vymfelé
celosvétove rozsifené skupiny zvané Condylarthra. Tito savci byli véeZravci, malé az stfedni velikosti
(Rose 2006).

Pii pokracujicim extrémnim oteplovani a rozsiteni hustych a nepropustnych tropickych destnych lest
az k polarnim kruhtm pocatkem eocénu (Stromberg 2011), pied 56-34 mil. let, se vyvijely rané formy
malych listozravych, chocholatkdm nebo kanciliim podobnych sudokopytnik{i Diacodexis (Palmer 1999)
nebo viezravych (hmyz, listi, kvéty, semena a plody stromd naptiklad palem a ambroni) prezvykavych
vyhynulé bazalni ¢eledi Hypertragulidae. Pfevazovali vsak druhové rozmanitéjsi, prevazné plodozravi
lichokopytnici, mali kofoviti a pfibuzni dnesnim velkym nosorozctim a tapirdm (Blondel 2001, Janis
2007).V druhé poloviné eocénu zacalo dochézet k mirnému ochlazovani, ale stale vyrazné teplé a vihké
klima bylo velmi ptihodné pro listnatou vegetaci. Obecné plvodné viezravi a plodozravi savci riznych
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druhd prechazeli z ¢asti nebo zcela ke konzumaci listi (Rose 2006). Travy se objevovaly extrémné vzacné,
netvofily souvislé plochy. Pro tato obdobi nebyli objeveni Zadni spasaci (Gordon et al. 2019). Béhem
pozdniho obdobi eocénu pokracovalo ochlazovani podnebi, a tak zaroven v sussim prostfedi zacaly
prevazovat otevienéjsi subtropické stalezelené lesy a v nich rGzné velci lichokopytnici i sudokopytnici
okusovaci (Collinson 1992, Janis 1993, Blondel 2001, Saarinen et al. 2014). Celkové rozmanitost licho-
kopytnikd klesala, ale u sudokopytniki se naopak objevily nové linie (Blondel 2001) véetné prvnich
kavych suiformnich skupin (Foss 2007) a ranych forem malych velbloudovitych (Camelidae) v Severni
Americe. Tropické destné lesy se zdzily do blizkosti rovniku a v blizkosti p6li se rozsifil novy biotop
smiSenych lesi z jehli¢nan a sezonné opadavych listnaca (Janis 2008).

Na konci eocénu a pocatku oligocénu, pfed 34-23 mil. let, doslo k ochlazeni, antarktickému zaled-
nénia sussi klima pfispélo k prostiedi s otevienéjsimi lesy a kfovinami, trdvy se pomalu $ifily, netvofily
viak zatim Zadnd rozséhlé prostredi. V severoamerické fauné jiz dokonce dominovali dnes vyhynuli
rGzné velci pdvodné listozravi sudokopytnici Merycoidodontidae (Janis 2008). Rozsifili se pravi kanci-
loviti a oddélila se skupina s predky ostatnich piezvykavych Pecora (Fernandez a Vrba 2005, Hassanin
et al. 2012). Doslo k vyvoji ranych forem jelenovitych (Hassanin et al. 2012). Pfezvykavi okusovaci jiz
méli s nejvétsi pravdépodobnosti ¢astecné vyvinuty fermentujici pfedzaludek (Janis 1976, Blondel
1998, 2001). Teprve az v pozdnim oligocénu se v oblastech mirného klimatického péasu objevily ote-
viené lesy s ostrivkovitymi travnimi porosty (Vincentini et al. 2008, Stromberg 2011) a na nich prvni
intermediati vCetné kabarovitych (Novello et al. 2010).

Pomérné teplé klima zacatku miocénniho obdobi neogénu, pfed 23-5 miliony let, vystfidalo dras-
tické ochlazovéni s naslednymi zménami ekosystémd. Pasma stfednich zemépisnych Sitek se postupné
zménila na suché oblasti se sezonnim ochlazovanim. Lesni vegetaci z ¢asti nahradila rozséhlé oteviend
travnata prostiedi (Zachos et al. 2001, Stromberg 2011). BEhem tohoto obdobi nastalo masivni Sifeni
hlavnich skupin kopytnikd vcetné jejich migrace mezi kontinenty. Doslo k vyvoji a extrémni diverzité
samostatnych linii jak pravych Zirafovitych okusovaci, tak stéle ¢astéjsich intermediatd pokrocilych
forem jelenovitych i prvnich spasajicich druhli u turovitych (Gordon & Prins 2008) a druhové velmi bo-
hatych vidlorohovitych. Pravé tento narlist taxonomické diverzity a morfologické rozdilnosti byl dd-
sledkem vzniku novych prostiedi a adaptivnich zmén u Zivocichd.

Pro pliocénni obdobi, pfed 5-2,6 mil. let, bylo charakteristické stfidani oteplovéni a ochlazovani
klimatu (Zachos et al. 2001). Pokracujici rozsifovani travnich porost(, savan a stepi zejména v Africe
a Severni Americe bylo provazeno vyvojem a migracemi celé fady druh jiz pIné adaptovanych spa-
sacl. Napfiklad po pevninském mostu presli z Ameriky do Asie velbloudoviti nebo konoviti, opacnym
smérem pak néktefi jelenoviti, turoviti a pekarioviti (Janis 1998). V zac¢atku pleistocénu, pied 2,6 mil.
let, dochazelo k opakovanim ledovych dob a pfi nich k expanzi piizplsobenych siroce rozsitenych
velkych srstnatych kopytnikd i jinych savcli na tzv. mamutich stepich, néktefi z nich jsou dnes do-
minantnimi severskymi druhy (Guthrie 2001). Av3ak stale ¢astéjsi a rychlejsi zmény podnebi a pro-
stredi vytvarely silny tlak na selekci a vymirani organismd. Pleistocén skoncil hromadnym vymienim
vcetné megafauny, coz vedlo k ochuzenym herbivornim spolecenstvim v nésledujicim holocénu pred
11500 let (Barnosky et al. 2004).

Zubni vzorec prezvykavych je 10/3 C0-1/1 P3/3 M3/3. Srpkovité fezné cepele jejich selenodontnich zubli
tvofi na okluznim povrchu slozity systém heben( s hrboly. Licni zuby jsou bud's nizkymi korunkami
- brachyodontni, s vysokymi korunkami - hypsodontni nebo v kombinaci, néktefi autofi uvadéji téz
prechodny typ tzv. mezodontni. Pro viechny herbivorni kopytniky je viak evolu¢né plvodnim zubem
brachyodontni typ charakteristicky pro okusovace. Existuji vyznamné rozdily ve strukturalnich vlast-
nostech mezi travou a listim. Travy jsou odolné;jsi vii¢i Zvykani, obsahuji vnitini (kfemicitany) i vnéjsi
abraziva (prach a plida). A tak se zastoupenim trav v potravé pak v reakci na zvysené opotfebeni zubl
diky abrazivim v potravé dochézelo k narustu korunky molérG a premolard u mnoha druh@ dnesnich
spasacl. Nejen rdst a vyska korunky zubu, ale i stupen tvrdosti a tloustka vrstvy skloviny na hiebe-
nech korunek, tzv. okluznim povrchu, je dal3i nezavislou adaptaci pro rliznou miru odolnosti zubu vici
abrazi (Janis a Fortelius 1988). Hypsodoncie u herbivornich druhti savcl se v minulosti mnohokrat pa-
ralelné vyvinula u rliznych druhi bylozravych savc(, napfiklad chobotnatcl (Proboscidea), konovitych
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Porovnani brachyodontniho chrupu s nizkymi korunkami typického okusovace (los evropsky, Alces alces) s hypso-
dontnim chrupem s vysokymi korunkami typického spasace (buvolec bélocely, Damaliscus pygargus phillipsi)
Comparison of low-crowned brachyodont dentition of a typical browser (European moose, Alces alces) with high-
-crowned hypsodont dentition of a typical grazer (blesbok, Damaliscus pygargus phillipsi)

Foto/Photo by Roman Vodicka
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Pohled na typicky obrousené zakulacené tieci plochy zub spasace s nizkymi hrboly (pfimoroZzec beisa, Oryx beisa), zaji-
mavosti je vétsi opotfebovanost zubl v pravé horni celisti, zvife preferovalo k prezvykovani tuto stranu
A view of the typically abraded rounded occlusal surfaces of the teeth of a grazer with low cusps (beisa oryx, Oryx beisa),
interesting is the larger wear of the teeth in the right upper jaw, the animal preferred this side for chewing

Foto/Photo by Roman Vodicka

0dlisné, avsak nadmérné obrousené tieci plochy zubl okusovace (los evropsky, Alces alces). Hrboly korunek by mély byt
vysoké a pasy skloviny kolem dentinu by mély mit ploché a ostré hrany
Different, but excessively abraded occlusal surfaces of the teeth of the browser (European moose, Alces alces). The cusps
of the crowns should be high and the bands of enamel around the dentin should have flat and sharp edges

Foto/Photo by Roman Vodicka
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(Equidae), velbloudovitych (Camelidae), chudozubych (Xenarthra), nékterych nosorozcovitych (Rhino-
cerotidae), nékterych va¢natcl (Marsupialia). Tato konvergentni adaptace se zacala u prezvykavych ob-
jevovat zhruba pred 24 miliony let (Fortelius et al. 2002). Rozdilnd droven hypsodoncie u jednotlivych
druhi vyjadiuje stupen pfizpUsobeni viici obrusovani, respektive obranu prodluzujici Zivotnost zubu.
Uroven hypsodoncie je tedy geneticky podminéna, druhové specificka. Zvla$té mezi turovitymi je tato
adaptace velmi proménliva. Ackermans et al. (2020) v nékolika nejnovéjsich experimentech u pfezvyka-
vych intermediat( ovéili korelaci mezi ztratou objemu korunkové Casti a prirdstkem cementu od kore-
nové ¢asti molar( a potvrdili zpétnou reakci ristu kofend jako formu kompenzace opotiebeni korunky.
Potravou a technikou krmeni Ize do urcité miry opotfebeni zubu regulovat.

RGzné znaky na zubech nam mohou pomoci pochopit a urcit vhodny typ krmiva pro specifickou
potfebu zvitete. Dikladné rozmélnéni sousta prezvykovanim, jeZ vyzaduje pfesnou okluzi, je z&sadni
pro ziskani Zivin pfezvykavcem, podporuje tvorbu slin, jez udrzuje optimalni prostfedi v tlamé a pfedza-
ludku, vyznamné souvisi s pohodou zvifat. V reprodukénim obdobi Zivota zvifat musi byt trvaly chrup
v perfektnim stavu. Je ukazatelem spravné péce chovatele.

Index opotiebenizub se stanovuje pomoci mesowear analyzy (Croft et al. 2018). Tato metoda hod-
noti okluzni povrchy licnich zub( (tvary hrotd vyvolané opotrebenim) a klasifikuje soucasné i fosilni
byloZravce jako okusovace nebo spasace. Pfi hodnoceni mesowearu je viak tfeba brat v potaz i vék je-
dince. Velmi mladé nebo stara zvifata by méla byt vyfazena. Pro presnéjsi stanoveni zastoupeni trav,
listi, semen a dalSich slozek potravy béhem poslednich dni Zivota zvitete se pouziva microwear analyza
(Croft et al. 2018), zaloZzena na mikroskopickych stopach opotiebeni na zubni skloviné.

Brachyodontni zub po erupci zastavi rdst. Korunka je relativné nizka. Pomérné tvrdsi sklovina
na povrchu zubu tvofi hladkou souvislou silnou vrstvu. Pasy skloviny kolem dentinu nezasa-
huji pod linii ddsné a na povrchu jsou ploché s ostrymi hranami. Hrboly korunky jsou vysoké
a ostré. Tyto zuby jsou urcené k ukousnuti a nastfihani potravy. Mirné opotiebeni muze byt
zpUsobeno vzajemnym otérem protistojnych zub(, ovéem nadmérné obrusovani vlivem abra-
zivniho krmiva je nezédouci.

Hypsodontni zub, s vysokou korunkou, dordistd i béhem dospélosti zvifete. Na podlouhlém téle
zubu ve vrstvach celoZivotné pfibyva cement. Sklovina ve vertikélnich pasech okolo dentinu
zasahuje hloubéji pod linii ddsné, na povrchu je zaoblena. Okluzni reliéf je zplostély a drsnéjsi
s tupymi hrboly. Je urceny spise pro drceni a mleti utrhnutého sousta tuhého travniho porostu.
Obrusovani vlivem abrazivniho krmiva je u nékterych druhi podstatné pro kontrolované udr-
zeni jejich délky a zachovani efektivni okluze k rozmélnéni sousta.

Vicekomorovy Zaludek je mezi herbivornimi savci opravdu pozoruhodnym evoluénim zdokonalenim
traviciho traktu. Kromé prasatovitych (Suidae) se predzaludek u viech ostatnich herbivornich celedi su-
dokopytniki nezavisle vyvinul v riiznych podobéch. Nejdfive ve dvoukomorové formé, véetné pravého
prezvykovani, u Celedi velbloudovitych (Camelidae) podiddu mozolnatc( (Tylopoda). Vznik této linie
se datuje na 46,2 milionu let (Chen et al. 2019). Dvoukomorovy piedzaludek maji i pekarioviti (Tayas-
suidae) a hrochoviti (Hippopotamidae), morfologicky a funkéné se viak pfezvykavym nepodoba. Vznik
dvoukomorové formé se pied vlastnim Zaludkem vyvinul pfeménou ¢asti jicnu bezzlaznaty predzaludek
u nejstarsich zastupc(i bazalni skupiny' podfadu prezvykavych ¢eledi kancilovitych (Tragulidae). Mor-
fologicky i funkéné nejslozitéjsi tiikomorovy predzaludek, zdokonaleny knihou, se pozdéji objevuje jiz
u vsech ostatnich Celedi prezvykavych, souhrnné Pecora. Jejich evolucni linie se od Tragulina oddélila
pred 23,3 az 20,8 miliony let (Chen et al. 2019). Tento vysoce specializovany organ stoji za néslednou
Uspésnou expanzi a diverzifikaci taxon( skupiny Pecora.

Jedinec¢na evolucni funkéni vyhoda bachoru prezvykavych tkvi ve vysoce icinném traveni velkého
mnozstvi relativné snadno dostupné potravy, respektive vynikajicim vyuziti tékavych mastnych kyselin
ziskanych zejména fermentaci celulézy a hemicelulézy prostfednictvim mikrobiomu, ktery je pro né

! linie kladogeneticky blizka spole¢nému predku, je potomkem jednoho z prvnich $tépeni skupiny a je situovana blizko kofene
jejiho fylogenetického stromu
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Trévici trakt spasace s relativné vétsim bachorem a mensim cepcem (pfimorozec beisa, Oryx beisa)
bachor (1), slezina (2), cepec (3), kniha (4), slez (5), streva (6)

Digestive tract of a grazer with a relatively larger rumen and a smaller reticulum (beisa oryx, Oryx beisa)
rumen (1), spleen (2), reticulum (3), omasum (4), abomasum (5), intestine (6)

Foto/Photo by Roman Vodicka

Cést zazivaciho Ustroji okusovace s relativné mensim bachorem a vétéim ¢epcem (dikdik Kirk(v, Madoqua kirkii)

bachor (1), ¢epec (2), ledvina (3), slezina (4)

Part of the digestive system of a browser with a relatively smaller rumen and a larger reticulum (Kirk's dik-dik, Madoqua
kirkii) rumen (1), reticulum (2), kidney (3), spleen (4) Foto/Photo by Roman Vodicka
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Pohled na sliznice pfedzaludki a vlastniho Zaludku (Zirafa severni nubijska, Giraffa camelopardalis camelopardalis)
bachor (1), ¢epec (2), kniha (3), slez (4)

A view of the mucous membranes of the forestomachs and the abomasum (Nubian giraffe, Giraffa camelopardalis came-
lopardalis) rumen (1), reticulum (2), omasum (3), abomasum (4) Foto/Photo by Roman Vodicka

nasledné zéroven zdrojem hodnotného mikrobiélniho proteinu. Symbi6zy s mikrobiomem tak dokéze
prezvykavec (foregut fermenter) dokonale vyuzit, je pro néj zivotné dulezita a spoléha na maximalni
fermentacni procesy, pravé proto, ze byla umisténa pred vlastni enzymatické traveni ve slezu a tenkém
stfevé, na rozdil od ne tak dokonalého vyuziti napfiklad lichokopytniky (hindgut fermenter), ktefi maji
hlavni misto mikrobidlniho traveni az v tlustém stievé.

Bachor prioritné slouzi jako fermentacni komora, potrava zde podIéha fyzikalnim zménam, a tra-
vena je mikroorganismy. Je roz¢lenén svalovymi pilifi na nékolik vakd, riiznou mérou zesilenych svalo-
vinou. Do bachorové predsiné Ustijicen a ta je zaroven trvale oteviena Sirokym Ustim do cepce. Sliznice
celého predzaludku mé predevsim resorpéni funkci, je riznou mérou papilovand, bezzlaznatd. Papily
zvét3uji resorpni plochu sliznice stény bachoru a usnadnuji tak absorpci tékavych mastnych kyselin,
coz zéroven udrzuje homeostdzi mikroorganismu (nachylnych k acidéze). Potrava je v bachoru provih-
¢ena a silné promichavana nebo rozvrstvena. K irovni rozvrstveni (stratifikaci) nebo smichani obsahu
dochazi diky rozdilu ve slinach. Pravé prezvykovani je v podstaté tfidici mechanizmus zalozeny na fy-
zickém oddéleni velikostné odlisnych frakci trdveniny, ktery zajisti, Ze piezvykani je aplikovano na velké
Céstice. Ty jsou prfemistény k opétovnému zpracovani rozmélnénim pres epec, kdezto mensi ¢astice
jsou zadrZeny, fermentovény a nasledné pak pokracuji v dalsich procesech traveni. Rozdily v tomto me-
chanizmu tfidéni usnadnuji nejrychlejsi a nejefektivnéjsi zpracovani vldknité potravy pravé skupiné Ru-
minantia oproti vSéem ostatnim kopytnik{im a zajistuji jim vyssi stravitelnost, vyssi vyuziti krmiva a vyssi
potencialni piijem dalsi potravy.

Cepec strukturou vystelky pfipominé plastev. Strany Sestitihelnik{i jsou réizné dlouhé a hfebeny
rGzné vysoké. Tato variace souvisi s druhem prezvykavce. Hiebeny zvétsuji povrch stény a usnadnuji
dalsi absorpci tékavych mastnych kyselin. | zde dochazi ke tfidéni malych a velkych ¢astic v tekuté tra-
veniné pomoci flotace a sedimentace. Cepec pak slouzi jako pumpa, tekuty fidky obsah s vétsimi ¢as-
ticemi vraci do bachoru, hustd trdvenina s malymi fermentovanymi ¢asticemi potravy postupuje déle
do knihy. Nedostate¢né natravena nebo nedlsledné rozmélnéna potrava (takzvana efektivni viaknina)
stimuluje ¢epec i bachor k mohutnym kontrakcim, jejichz pomoci se regurgitaci navrati pfes jicen az
do dutiny Ustni k opétovnému piezvykani, proslinéni a spolknuti.
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Kniha se stala klicovou inovaci ve vyvoji pfedzaludku, je jedine¢nym charakteristickym znakem
anatomie travici soustavy skupiny Pecora. V knize pokracuje fermentace a znovu se vstrebava tekutina
potrebna jak pro vymyvani mikrob(, tak pro mechanizmus retikularni separace. Sliznice vytvafi listy
pllmésicitého tvaru. Velikost povrchu listl souvisi i s potravni specializaci a napomaha Gcinnéjsimu
vstfebavani vody. Prebytecnd tekutina by znamenala zbyte¢né nafedéni traveniny ve slezu a tenkém
stfevé, proto je odstranéna v knize. Nejvétsi velikosti a vykonu doséhla kniha u rodu tur (Bos).

Slez neboli vlastni zaludek s typickymi funkcemi je slozity, vystlan rlznymi typy zlaznaté sliznice,
ktera vytvari fasy. Dochazi zde ke traveni zbytkd fermentace, jez se dosud nevstiebaly, a mikrob( na-
mnozenych pfi fermentaci v predzaludku. Slez navazuje vratnikem na tenké stfevo a dalsi traveni jiz
probihd enzymaticky, obdobné jako u monogastrickych zvifat.

Diky adaptacim pfezvykavi pfekonali dilema bylozravych, kdy Grover pfijmu krmiva negativné sou-
visi s U¢innosti traveni, kterou urcuji faktory jako ddkladnost rozmélnéni sousta prezvykanim a za-
drzovani (retence) traveniny v zazivacim traktu. Dalsi zvyseni efektivity traveni tkvi ve vykonu knihy
a hustoté (pratocnosti) tekuté frakce traveniny zaroven se symbiézou mikrobiomu ,nastaveného” na
produkci biomasy (Clauss & Rossner 2014). Riizné druhy prezvykavych se dale odlisuji nejen Grovni
téchto schopnosti, ale i daldimi vyraznymi morfofyziologickymi rozdily.

RUznd objemova krmiva vykazuji mnoho fyzikalnich a biochemickych rozdili v obsahu Zivin, strukture
a stravitelnosti. Nejvyznamnéjsi pro vyzivu prezvykavych je rozdil mezi okusem a trdvou. Okus obsahuje
vyssi procento dusikatych latek a sekundarni metabolity (tfisloviny, alkaloidy, Stavelany apod.), viaknina
ma vyssi podil ligninu a pektinu. Trdvy obecné obsahuiji vice celkové vldkniny s vy$sim podilem celulézy
a spolu s obsahem kiemicitanti zptsobuije, Ze pfi zpracovani kladou relativné vétsi odpor a zvykani vy-
zaduje vice energie nez zpracovani okusu. Okus se pfi traveni $tépi na plosné, mnohouhelnikovité ¢as-
tice, jejichZ fermentace probihd rychleji, zatimco travy vytvaii ¢astice ve tvaru vldken.

At uz je to potrava, jeji urcité vlastnosti, adaptabilni znaky souvisejici s pfijimanym krmivem nebo
geneticky definované morfofyziologické rozdily v traveni, pfezvykavé mizeme podle téchto kritérii
délit na Zivici se velmi vysokym podilem listi a bylin — okusovace typ los - a trdvou nebo smési jedno-
déloznych a dvoudéloznych rostlin - spasace a intermedidty typ skot (Clauss et al. 2010). Pro nézornost
se nasledujici vysvétleni geneticky definovanych morfofyziologickych rozdil(i tyka druhd z opacnych
konc( spektra druhl prezvykavcd. Mezi nimi viak stoji spoustu ne tak jasné vyhranénych druh (tzv.
intermedidti), liSicimi se stupni adaptace fyziologie trdveni (Hofmann 1989), dle faze vyvoje smérem
k typu los nebo skot.

Extrémni okusovaci, typ los, se vyznacuji brachyodontnimi zuby. S obrannou strategii proti sekun-
darnim rostlinnym slouceninam v listi pomoci proteinG vazajicich taniny maji pomérné vazké sliny. Je-
likoz je produkce téchto proteint omezujicim faktorem, maji okusovaci sice velké slinné zlazy, presto
nedosahuji takového mnozstvi pfi tvorbé slin jako spasaci. Mensi mnozstvi v kombinaci s nizkou pri-
tocnosti viskdzni tekutiny s vysokou hustotou nasledné snizuje tendenci stratifikace obsahu bachoru.
Nedostate¢ny mechanismus rozvrstveni obsahu bachoru zamezuje separaci rdizné velikych ¢astic a od-
déleni plynu, bubliny jsou proto distribuované rovnomérné v obsahu. Obsah bachoru okusovact se
jevi jako homogenni, a tudiz i papilace stény je rovhomérna. Hrebeny ¢epce jsou nizsi, aby se zabrénilo
jeho UpInému vyprazdnéni béhem kontrakci pfi regurgitaci pro nasledné prezvykéani. Mensi mnozstvi
viskdzni tekutiny v obsahu predzZaludkd pak také nevyZzaduje tak velkou knihu pro jeji resorpci (Clauss
et al. 2010). Pokud vlibec okusovaci néjaké travy prijimaji, nedokazi je vyuzit dostatecné. Z dlouho-
dobého hlediska neni mozné, aby pouze z takového krmiva ziskali dostatek Zivin a energie k pokryti
vsech potreb.

Extrémni spésaci, typ skot, se vyznacuiji hypsodontnimi zuby. Slinné Zlazy jsou sice mensi a produkuji
spise tekutéjsi sliny, ale ve vétsim mnozstvi. Vysoka pritocnost neviskdzni tekutiny s mensi hustotou
napomaha rozvrstveni obsahu bachoru. K oddéleni vrstev dochdzi v disledku flotace a sedimentace
jednotlivych ¢stic v tekutiné. Na hladiné se tvofi plovouci vrstva dosud nestravenych vléknitych ¢astic
vzajemné zapletenych do jakési rohoZe, uprostied je vrstva tekutd a na dné je pak usazena hustd slozka,
tvorend jiz zCasti natravenym krmivem. Nad hladinou je oddélena plynové kopule. Tato vysoce Ucinné
stratifikace pevného obsahu vyzaduje delsi ¢as. Naopak tekutd frakce potravy se pohybuje travicim
traktem rychleji nez vétsi Castice pevné frakce, ¢imz z traveniny Gcinné vymyva i velmi jemné Castice,
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Nerovnomérna a nizka papilace sliznice bachoru s mohutnymi pilii u spasace (pfimorozec beisa, Oryx beisa)
Uneven and low papillation of the rumen mucosa with massive pillars of a grazer (beisa oryx, Oryx beisa)
Foto/Photo by Ro

Rovnomérna vysoka papilace sliznice a slabé pilite bachoru u okusovace (Zirafa severni nubijskd, Giraffa camelopardalis
camelopardalis)

Uniform high papillation of the mucous membrane and weak pillars of the rumen of a browser (Nubian giraffe, Giraffa
camelopardalis camelopardalis) Foto/Photo by Roman Vodicka
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Celkova plocha papilace bachoru klesa od okusovaci pies intermediaty ke spasacim. Typicky tvar papil bachoru u oku-
sovace (zirafa severni nubijska, Giraffa camelopardalis camelopardalis)

The total area of rumen papillation decreases from browsers through intermediates to grazers. Typical shape of the
rumen papillae of a browser (Nubian giraffe, Giraffa camelopardalis camelopardalis) Foto/Photo by Roman Vodicka

Detail riiznych velikosti papil na sliznici bachoru intermediata (sitatunga zapadoafricka, Tragelaphus spekii gratus)
Detail of various sized papillae on the rumen mucosa of an intermediate (sitatunga, Tragelaphus spekii gratus)
Foto/Photo by Roman Vodicka

108




jako jsou bakterie. To umoznuje naslednou nepfetrzitou zvysenou,,sklizen” mikrobt z predzaludku
pro autoenzymatické traveni zvifetem ve slezu (Clauss & Hummel 2017). Spasace typu skot dale cha-
rakterizuje nelplnd bachorova papilace, ktera v dorzalni a ventralni ¢asti bachoru klesé az zcela mizi.
Cepcové hiebeny jsou vyssi. Vétsi mnozstvi tekutiny prochézejici bachorem a ¢epcem absorbuje ob-
jemové vétsi kniha. Diky vysoké pratocnosti tekutiny a Gcinnéjsimu vymyvani mikrobl maji spasaci
oproti okusovactm vyssi mikrobidlni vytéznost dusikatych latek (na jednotku fermentované organické
hmoty) produkovanych v bachoru, trdvenych ve slezu a vstfebanych v tenkém stievé (Clauss et al. 2010).
Spasaci se s krmenim okusem dokdzou pomérné dobfe vyrovnat, z dlouhodobéjsiho hlediska vsak pro
jejich vysoce efektivni traveni maji travy sice pomalejsi, ale ve vysledku vyssi stravitelnost nezli okus.
Traveni trav vyzaduje oproti okusu komplikovanéjsi retenéni mechanizmy - delsi reten¢ni dobu pev-
nych castic a naopak rychlejsi prichod tekutiny a vétsi kapacitu predzaludku a stiev, ale to vSechno
efektivni spasaci maji a umi.

Intermediati, navzdory adaptacim typickym pro morfofyziologii traveni typu skot (Codron & Clauss
2010), si dokazali udrzet urcitou miru potravni flexibility, kvali ménicim se podminkam prosttedi, ve
kterém Ziji. Mohlo by tomu tak byt i diky kompenzaci adaptabilnimi znaky souvisejicimi s pravé pfiji-
manou potravou jako je mira opotfebeni zubd, velikost Zvykacich svali ¢i velikost povrchu jednotli-
vych bachorovych papil a listd knihy.

Obratlovci nedokéazou travit rostlinnou vldkninu (zejména celulézu, hemicelulézu, lignin) vlastnimi en-
zymy (autoenzymaticky), ale musi se spoléhat na symbioticky mikrobiom (alloenzymatické traveni).
PfedZaludek prezvykavych je osidleny témito mikroskopickymi organizmy (nejvyznamnéjsi podil
predstavuiji bakterie, déle prvoci, houby aj.), jejichZ primérni specializaci a podstatou je pfeména Zivin
a energie ulozené ve vlaknech rostlinné hmoty na tékavé mastné kyseliny (kyselina octovd, propionova,
maselnd aj.), jeZ jsou témi nejzasadnéjsimi Zivinami a hlavnim zdrojem energie pro né samotné i pro
hostitelské zvife. Zjednodusené je v podstaté krmnd dévka pro pfezvykavce potravou pro mikrobiom a
ten samotny s jeho produkty trdveni je pak teprve potravou pro samotného prezvykavce. S konstantnim
mnozenim mikrobiomu a mechanismem jeho vyplavovéni z bachoru, za pfitomnosti velkého mnoz-
stvi tekutiny, dochazi k jeho néslednému vstfebani jako mikrobidlniho dusiku v tenkém stfevé. A nové
generace bachorovych mikrob( fermentuji dalsi veskeré sacharidy na tékavé mastné kyseliny. | tento
proces funguje nejlépe v prostfedi s vysokym obsahem vody, slin a mikrobidIniho hlenu. Tekutina ob-
sahuje bikarbonéty a fosfaty, ¢imz slouzi jako pufr, ktery udrzuje bachorové pH v optimélni hodnoté.
Rostlinna vlaknina je fermentovana pomalu a tékavé mastné kyseliny mohou byt traveny, tak jak jsou
produkovany. V takovém pfipadé z(istava prostredi a pH fermentacni komory viceméné stabilni. Pokud
se z rlznych ddvod( zméni podminky a zdravotni stav organismu nebo samotné prostredi bachoru
napfiklad vlivem nevhodné potravy, musi mikrobiom svym sloZzenim reagovat a snazit se stav kom-
penzovat. Po pfekonani takové situace ma mikrobiom vzdy tendenci k navraceni se ke svému specific-
kému normalu. Pokud je vSak situace vazna, nebo k vykyviim pH a zménam ve fermentacni komore do-
chazi ¢asto, nastane stav nazyvany dysbidza neboli naruseni rovnovahy v osidleni, snizeni rozmanitosti
druhl mikroorganism( nebo také snizeni mnozstvi,dobrych” a zvyseni,$patnych” mikrobd. Typ krmiva
mize zasadnim zplsobem ovlivnit vykyvy ristu mikoorganizmd uvnitf bachoru (Plaizier et al. 2018).

Za vhodné nebo spravné krmeni |ze povazovat pouze takové, které v hlavnim misté traveni (coz je
u prezvykavct pfedzaludek) vytvofi soubor fyzikélnich a chemickych vlastnosti a podminek, jejichz
pomoci dochdzi k udrZeni zdravi zvitete i jeho mikrobiomu. Pokud zvifata pfijimaji nepfirozena a ne-
vhodna krmiva, ktera neodpovidaji témto vlastnostem, podminkam a adaptacim traveni, mize to zpd-
sobit fadu travicich poruch a metabolickych onemocnéni (Gonzalez et al. 2012). Potrava obsahujici
relevantni mnozstvi nevhodnych koncentrovanych slozek mdze vyznamné zménit zasadni, geneticky
definované funkce bachoru, napfiklad stratifikaci obsahu (Tahas et al. 2017). Narusena funkce bachoru
pak mdZe znamenat problém i se sprdvnou slozkou krmné davky. V takové situaci je podstatné spravné
definovat pficinu problému, logicky by ji viak nikdy neméla byt pfirozend potrava. Proto bychom se ji
v lidské péci méli pokusit co nejvice priblizit.
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Priznivé prostiedi pro rdst prospésnych celulolytickych bakterii zajistuje krmeni objemnym krmivem.
Nepfiznivé prostiedi pro celulolytické bakterie, a naopak pfiznivé pro rist amylolytickych bakterii, zpG-
sobuje nadmérné krmeni $kroby a jednoduchymi cukry. Dokud je organismus adaptabilnimi znaky tra-
vici soustavy do urcité miry schopen takové krmeni kompenzovat, dochézi vétsinou k obezité, kterd
prokazatelné souvisi s kardiovaskurarnimi problémy a poruchami reprodukce. Cukry a $kroby jsou
oproti vlakniné fermentovany velice rychle a pokud mikrobiom produkuje vice tékavych mastnych
kyselin, nez mdze byt vstiebano, a pH zacne ve fermentacni komore klesat vlivem nadmeérného kva-
$eni, dochézi k aciddze. Nasledkem jsou pak prdjmy, nadmuti, zacpy a rumenitidy. Po vazném priibéhu
aciddzy a pfi stale se opakujicich vykyvech pH a zménach v zastoupeni a rdstu mikroorganismd na-
stane dysbidza. V takovém pfipadé, kdy je mikrobidlni metabolizmus méné efektivni, hrozi riziko mal-
fermentace a nasledného Spatného vyuzivani Zivin nebo vyplavovani zcela nevyuzitych zivin. To pak
souvisi s dalSimi moznymi naslednymi nejriiznéjsimi zdravotnimi problémy, nizkym pfijmem potravy
a hubnutim, chronickym nedostatkem energie, laminitidou a prertistanim paznehtd, jaternimi abscesy
az celkovym snizenim Zivotnosti zvifete.Takové krmeni je tedy nejen rizikové a Zivot ohrozujici, ale
i Zbyte¢né nehospodarné.

Mikrobiom je také zapojen do detoxikacnich a imunitnich proces, ve spravném mnozstvi a slozeni
zamezuje rozvoji patogent (Plaizier et al. 2018).

U herbivord v lidské péci se objevuje zejména oralni abnormalni chovani, napiiklad nadmérné olizovani
okolnich predmétd, zdi, vylizovani a vykusovani srsti jinych zvitat. Dost ¢asto se vyskytuiji i takzvané
zvracené chuté, jako napfiklad pfijem modi, vykall, Zivocisnych krmiv apod. Stereotypni chovani, nad-
mérna agrese pii obrané potravy nebo kanibalismus predstavuji dal3i typické formy abnormalniho cho-
vani.Vznik téchto problém{ mohou zapficinit chovatelské chyby ve vyzivé nebo technice krmeni. DU-
vodem je neuspokojené potravni chovani, $patny druh nebo nedostatek krmiva, ¢&imz zvifata ztraceji
napli celého dne. Hledanim a okusovanim toho nejlepsiho listi nebo pastvou stravi kopytnik zhruba
8 - 10 hodin denné. Piezvykovani pro zvife pfedstavuje konstantni pfijem krmiva. Cas straveny prez-
vykovénim ovliviiuje slozeni krmné davky. Krdva krmend senem prezvykuje v priiméru 8 hodin denné,
koncentrovand krmiva zkracuji dobu az na pouhé 2,5 hodiny (Reece 2005). Pfezvykovani je také
obrannou strategii. Po prijmuti velkého mnoZstvi potravy nasledné prezvykovani pfi odpocinku v Ukrytu
umozhuje vyznamnou Usporu energie a zaroven snizuje riziko predace. Potravnim enrichmentem vét-
Sinou napodobujeme fazi lovu nebo dobyvani se k zékladni slozce potravy, respektive tu ndro¢nou ¢ast
zisku energie. Pro prezvykavé predstavuje relativné snadna dostupnost rostlinné potravy jednoduchy
podil na zisku energie, naopak narocny podil predstavuje straveni této potravy (Clauss 2019). Pod po-
jmem enrichment pro pfezvykavé si tedy Ize jednoduse predstavit pIné jesle, respektive adlibitni mnoz-
stvivhodného, dobfe pfijimaného, objemného krmiva. Podstatna je viak i technika krmeni, spasaci by
méli pfijimat krmivo ze zemé, podlazky nebo koryta, okusovaci naopak v jeslich nebo zavésené na né-
kolika mistech expozice. Spravné zvolenou technikou krmeni mizeme predejit nékterym poranénim a
infekcim, ale také Castym problémum souvisejicim s nadmérnym obrusem nebo $patnym ristem zubd.

Pro zdravi organismu, spravnou funkci predzaludku a efektivni traveni je nutné akceptovat adaptace
traveni prezvykavych. Cely sloZity proces traveni souvisi se symbiézou, fermentaci a trofickém vyuzitim
mikroorganismd z bachoru, vlastnimi tfidicimi mechanismy predzaludku a prezvykovanim. Nejpod-
statnéjsim doporucenim je nenarusovat rovnovéhu prostiedi a obsahu fermentacnich komor. PredZa-
ludek a traveni prezvykavych funguje spravné a velmi efektivné jediné pfi krmeni s vysokym obsahem
vldkniny, ale nikdy ne tak dobfe pfi krmeni energeticky bohatymi krmivy s nizkym obsahem vlékniny,
jakymi jsou napfiklad ovoce, kofenova zelenina nebo obiloviny. Jednoduse Ize prokézat, Ze po zkrmo-
vani vyznamného mnozstvi nevhodnych druhd koncentrovanych krmiv, zvite snizuje celkovy piijem
krmiv objemovych.

Pokud tedy nechceme narusit proces fermentace pouzitim koncentrovanych krmiv, a presto potie-
bujeme u jakéhokoliv zvifete zvysit energeticky pfijem, nabizi se navyseni celkového mnozstvi pfijatého
krmiva. Toho mizeme u pfezvykavych dosahnout zvysenim ucinnosti fermentacniho traveni. Traveni
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rostlinnych vlaken mikrobiomem je efektivnéjsi, ¢im delsi dobu trva neboli ¢im delsi je prdmérny gas-
trointestinalni retencni ¢as (dostatek vody, zddné koncentraty a zména sena za |épe prijimané). Anebo,
¢im jemnéjsi jsou ¢astice rostlinnych vidken, respektive ¢im jemnéji je sousto rozzvykéno, pro chovatele
v tomto pfipadé hraje hlavni roli predevsim prevence souvisejici se zdravymi zuby.

Spatné zvoleny druh objemného krmiva, nedostatek neutralné detergentni vlakniny (NDF) nebo
dalsi pridané cukry a skroby v krmné davce zplsobuji tedy u prezvykavych chovanych v lidské péci
problémy. Obsah vldkniny NDF (tj. celuléza, hemiceluldza, lignin) v susiné travni pice se dle druhu a zra-
losti pohybuje 55 - 78 % u vojtéskové pice 38 — 49 % a okusu 30 - 46 %. Travni a vojtéskova pice i okus
obsahuje zanedbatelné mnozstvi Skrobt 0 - 7 % a 2 - 16 % jednoduchych cukrii v susiné (EAZA Giraffe
EEPs 2006). Pro potieby mnoha druhi spasacl typu skot je vyhodnéjsi travni seno nebo slama nizké
nebo stfedni vyZivové kvality. Hygienicky stav ale musi byt vzdy bezvadny. Pokud chceme splnit zvyseny
pozadavek napfiklad v dobé laktace, miizeme tak ucinit pomoci sena s vyssi nutri¢ni hodnotou, pridat
vysoké vyzivové kvality. V obdobi zvysené potreby Zivin a energie Ize pouZit seno nebo sildZ s vy3sim
podilem listd nebo vyssi zastoupeni zeleného okusu oproti vojtéskovému senu. Pro kopytniky chované
v lidské péci je naprosto rozhoduijici nabidka rdznych druhd objemového krmiva, zvlasté v situacich, kdy
se zvysuji energetické nebo nutri¢ni pozadavky. S pridavkem rozumného mnozstvi vhodného doplriko-
vého mineralizovaného granulatu pak u nich mdzeme dosahnout optimalini kondice. | ¢asty pozadavek
pestrosti v krmné davce Ize zajistit nabidkou rliznych objemnych krmiv s rdznou nutri¢ni hodnotou.

Pro kontrolu vyzivného stavu zvifete pravidelné hodnotime kondici, vahu a tvar a konzistenci vy-
kal(. Objektivnimu hodnoceni jedince mohou pomoci vzorniky nebo porovnani s volné Zijicimi jedinci
daného druhu.

Pro chov prezvykavych, zvIasté pak ohrozenych druh(i, mé pochopeni vyvoje a funkce bachoru zasadni
vyznam. Je nebezpecné, nepfirozené a neprofesiondlni zkrmovat nevhodna energeticky koncentro-
vana krmiva. Podstatné je vytvofit podminky pro napodobeni pfirozeného potravniho chovani souvi-
sejiciho s jejich vyjimecnymi adaptacemi travici soustavy.

Dékujeme RNDr. Janu Robovskému, Ph.D., za pfipominky, komentare a poskytnuti dal3ich cennych
zdrojli informaci. Za poskytnuti komentard k textu dékujeme Mgr. Jaroslavu Simkovi, Ph.D.
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Ruminantia are a large group of herbivorous mammals that are very successful evolutionarily. This sub-
order of even-toed ungulates is made up of six families, the phylogenetically basal chevrotains (Tra-
gulidae), deer (Cervidae), musk deer (Moschidae), the highly species-diverse bovids (Bovidae), giraffes
and okapis (Giraffidae) and pronghorns (Antilocapridae). The phylogenetic differentiation of mammals
is closely tied to dietary specialization. One of the most successful adaptations is represented by the
compartmentalized stomach of the ruminants, an exceptional evolutionary innovation of the diges-
tive tract that is interesting not only anatomically but also in its functionality. This complex organ is
unique primarily for its highly efficient ability to convert and utilize energy and nutrients, even for re-
latively large species, from diet that for most other species and humans is difficult to digest or com-
pletely indigestible.

The complex evolution of adaptations to the digestive tract has taken millions of years, and recent pa-
laeontological and phylogenetic findings can help form a picture of how evolution works.

According to the fossil record, in the Palaeocene, 65-56 million years ago, the now extinct panto-
donts, various species of the first large, leaf-eating mammals, began to fill the terrestrial ecological ni-
ches left open by the dinosaurs (Alroy 1998, Smith et al. 2010, Raia et al 2013). As a result of increasing
global temperatures, the dominant worldwide environment was tropical rainforest and humid subtro-
pical forest was found in what are now temperate climates (Strémberg 2011). At the time, the polar re-
gions had deciduous forests that seasonally shed their leaves not due to low temperatures but due to
lack of light in winter (Janis 1998). By this time, lineages that contained ancestors of today’s ungulate
orders, probably from an extinct, globally prevalent group called Condylarthra, had separated. These
mammals were omnivores, small to medium in size (Rose 2006).

The continued extreme warming and the spread of dense and impermeable tropical rainforests to
the Arctic Circle in the early Eocene (Strdmberg 2011), 56-34 Ma ago, saw the evolution of early forms
of Diacodexis, small leaf-eating, duiker-like or chevrotain-like even-toed ungulates (Palmer 1999) or
the extinct family of Hypertragulidae, basal ruminants that were omnivorous (insects, leaves, flowers,
seeds and fruits of trees such as palms and liquidambar). However, more species-diverse, mostly fru-
givorous odd-toed ungulates, small equids and relatives of today’s large rhinoceroses and tapirs pre-
dominated (Blondel 2001, Janis 2007).

In general, originally omnivorous and frugivorous mammals of various species partially or fully
switched to consuming leaves (Rose 2006). Grasses appeared extremely rarely and did not form con-
tinuous areas. No grazers were discovered for these periods (Gordon et al. 2019). During the late Eo-
cene, climate continued to cool, and at the same time, the drier environments led to the prevalence of
more open subtropical evergreen forests, with various sizes of both odd-toed and even-toed grazers
(Collinson 1992, Janis 1993, Blondel 2001, Saarinen et al 2014).

The overall diversity of the odd-toed ungulates declined, but in contrast, new lineages emerged in
the even-toed ungulates (Blondel 2001), including the earliest ancestors of the extant ruminant chev-
rotains (Tragulidae) in Asia (Métais et al. 2001), the non-ruminant suina groups (Foss 2007), and early
forms of small camelids (Camelidae) in North America. Tropical rainforests contracted near the equator
and a new habitat of mixed conifer and seasonally deciduous broadleaf forests expanded near the
poles (Janis 2008).
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At the end of the Eocene and beginning of the Oligocene, 34-23 million years ago, there was a cool-
ing; Antarctic glaciation and the drier climate contributed to an environment with more open forests
and shrublands; grasses slowly spread, however, they did not yet form any extensive environments.
North America’s fauna was dominated by various forms of the now extinct Merycoidodontidae, a leaf-
-eating artiodactyl (Janis 2008). The true mouse-deer expanded, and a group with ancestors of other
Pecora ruminants split off (Ferndndez & Vrba, 2005, Hassanin et al. 2012). Early forms of deer began to
evolve (Hassanin et al. 2012). Ruminant browsers most likely had already partially developed foregut
fermentation (Janis 1976, Blondel 1998, 2001). It was not until the late Oligocene that open forests with
pockets of grassland appeared in temperate regions (Vincentini et al. 2008, Strémberg 2011) and in
these forests the first intermediates, including musk deer (Novello et al. 2010).

The relatively warm climate at the beginning of the Miocene epoch of the Neogene, 23-5 million
years ago, gave way to drastic cooling with subsequent changes in ecosystems. The mid-latitude zones
gradually changed into arid areas with seasonal cooling. Forest vegetation was partly replaced by large,
open grasslands (Zachos et al. 2001, Stromberg 2011). This period saw a massive dispersal of the main
ungulate groups, including intercontinental migration. There was evolution and extreme diversity
within separate lineages, be they the true giraffe browsers and the increasingly common intermediate
forms of advanced cervids or the first grazing species among the Bovidae (Gordon & Prins 2008) and
the species-rich Antilocapridae. It was the emergence of new environments that led to this increase in
taxonomic diversity and morphological divergence as the animals made adaptive changes.

The Pliocene period, 5-2.6 million years ago, was characterized by alternating warming and cooling
climates (Zachos et al. 2001). The continued expansion of grasslands, savannas and steppes, particularly
in Africa and North America, was accompanied by the evolution and migration of a number of species
of grazers that had become fully adapted. For example, camelids or equids came over the land bridge
from the Americas to Asia, and some cervids, bovids and Tayassuidae went in the opposite direction
(Janis 1998). In the early Pleistocene, 2.6 million years ago, there were repeated ice ages and, during
them, the expansion of well-adapted, widespread, large, fur-bearing ungulates and other mammals
on the Mammoth Steppes, some of which are now the dominant northern species (Guthrie 2001).
However, increasingly frequent and rapid changes in climate and environment created strong selec-
tion pressure and the extinction of organisms. The Pleistocene ended in mass extinctions, including
megafauna, which led to depleted herbivore communities in the subsequent Holocene, 11,500 years
ago (Barnosky et al. 2004).

The dental formula of ruminants is 10/3 C0-1/1 P3/3 M3/3. The crescent-shaped cutting blades of their
selenodont teeth form a complex system of ridges with bumps on the occlusal surface. The molars are
either with short crowns - brachyodont, with high crowns - hypsodont, or a combination, some authors
also mention an intermediate type called mesodont. For all herbivorous ungulates, however, evolutio-
narily speaking, the brachyodont type, characteristic of browsers, is the original tooth.

There are significant differences in the structural characteristics of grass and leaves. Grasses are more
resistant to chewing and contain both internal (silicates) and external abrasives (dust and soil). Thus,
with increased grasses in the diet, as a response to increased tooth wear due to more abrasives in the
diet, there was an increase in the crown of molars and premolars in many species of modern grazers.
Not only a bigger and taller crown, but also the degree of hardness and thickness of the enamel layer
at the crests of the crowns, called the occlusal surface, is another independent adaptation for various
degrees of tooth resistance to abrasion (Janis & Fortelius, 1988).

Hypsodont dentition in herbivorous mammalian species has been paralleled many times in the
past in various herbivorous mammalian species, such as the elephants (Proboscidea), equids (Equidae),
camelids (Camelidae), ant eaters (Xenarthra), some rhinoceros (Rhinocerotidae), and some marsupials
(Marsupialia). This convergent adaptation, first appeared in ruminants about 24 million years ago (For-
telius et al. 2002). The different levels of hypsodontia in different species reflect the degree of adapta-
tion to abrasion, or defences that prolong tooth life. Thus, the level of hypsodont dentition is gene-
tically determined, species-specific. This adaptation is particularly variable amongst bovids. In several
recent experiments in ruminant intermediates, Ackermans et al. (2020) verified the correlation between
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crown volume loss and cement gain from the root portion of the molars and confirmed the reverse
response of root growth as a form of compensation for crown wear. Tooth wear can, to some extent,
be regulated by feed and feeding technique.

The various marks on teeth can help us understand and determine the appropriate type of feed for
the animal’s specific needs. Thoroughly grinding the mouthful by chewing, requiring precise occlu-
sion, is essential for the ruminant to acquire nutrient. It promotes saliva production, which maintains
an optimal environment in the mouth and foregut, and is significantly related to animal well-being. In
the animals’ reproductive period of life, its permanent dentition must be in perfect condition. It is an
indicator of good keeper care.

The tooth wear index is determined by mesowear analysis (Croft et al. 2018). This method assesses
the occlusal surfaces of the molars (the shapes of the cusps induced by wear) and classifies current and
fossil herbivores as browsers or grazers. However, the age of the individual must also be taken into ac-
count when assessing mesowear. Very young or old animals should not be included. Microwear ana-
lysis (Croft et al. 2018), based on microscopic wear marks on tooth enamel, is used for a more accurate
determination of the ratio of grasses, leaves, seeds and other food components during the last days
of an animal’s life.

The brachyodont tooth stops growing after eruption. The crown is relatively low. The relatively
harder enamel on the tooth'’s surface forms a smooth, continuous thick layer. The bands of
enamel around the dentin do not extend below the gum line and are flat on the surface with
sharp edges. The crown ridges are high and sharp. These teeth are designed to bite and cut
leaves. Slight wear may be caused by mutual abrasion of opposing teeth, but excessive abra-
sion caused by abrasive feed is undesirable.

A hypsodont tooth, with a high crown, also grows during the animal’s adulthood. Cement builds
up in layers on the elongated tooth body throughout the animal’s life. The vertical bands of
enamel around the dentin extends deeper below the gum line and is rounded on the surface.
The occlusal relief is flattened and rougher with blunt bumps. It is designed more for crushing
and grinding mouthfuls of tough grass. In some species, abrasion by abrasive feed is essential
to maintain tooth length in a controlled manner and to maintain effective occlusion to grind
the mouthful.

The multi-chambered stomach of herbivorous mammals is a truly remarkable evolutionary refinement
of the digestive tract. Apart from the pigs (Suidae), the foregut has independently evolved in various
forms in all other herbivore families of artiodactyls. At first it was a two-chambered form, including
true rumination, in the Camelids of the suborder Tylopoda. The origin of this lineage has been dated
to 46.2 million years ago (Chen et al. 2019). Peccaries (Tayassuidae) and hippopotamids (Hippopota-
midae) also have a two-chambered foregut, but it is morphologically and functionally dissimilar to that
of the ruminants. The origin of the lineage of extant Ruminantia species is estimated to be 39.1t0 32.3
million years ago (Chen et al. 2019).

In the two-chambered form, a glandless foregut evolved in front of the stomach proper by part of
the oesophagus transforming. This occurred in the earliest representatives of the basal group' of the
suborder Ruminantia from the mouse deer family (Tragulidae). The morphologically and functionally
most complex three-chambered foregut, improved upon by the omasum, appears later in all other fa-
milies of ruminants, collectively the Pecora. Their evolutionary lineage diverged from the Tragulinas
23.3t0 20.8 million years ago (Chen et al. 2019). This highly specialized organ is behind the subsequent
successful expansion and diversification of Pecora taxa.

The unique evolutionary functional advantage of the ruminants'rumen lies in its highly efficient di-
gestion of large amounts of relatively readily available feed, or rather the excellent utilization of volatile
fatty acids obtained mainly by the microbiome fermenting cellulose and hemicellulose, this in turn is

'alineage cladogenetically close to the common ancestor, it is a descendant of one of the first branches from the group and is
located near the root of its phylogenetic tree

116



also a source of valuable microbial protein for the animal. The microbiome symbiosis is made perfect use
of by the ruminants (foregut fermenters). It is vital for them and relies on maximising the fermentation
processes. It is precisely because it has been positioned before the actual enzymatic digestion in the
spleen and small intestine that it can do so, as opposed to the less perfect use by, for example, the odd-
toed animals (hindgut fermenters), where the main site of microbial digestion is in the large intestine.

The rumen primarily serves as a fermentation chamber, the food undergoes physical changes and
is digested by microorganisms. It is divided by muscle pillars into several sacs, reinforced to varying
degrees by muscle. The oesophagus opens into the rumen, which is also permanently open into the
reticulum through a wide opening. The primary function of the entire foregut’s mucous membrane is
absorption, it is papillated to varying degrees, and is glandless. The papillae increase the rumen wall’s
absorptive surface area, thus facilitating the absorption of volatile fatty acids, which also maintains
the homeostasis of microorganisms (prone to acidosis). The food is moistened and heavily mixed or
stratified in the rumen. The degree of stratification or mixing of contents occurs due to differences in
saliva. Thus, rumination is essentially a sorting mechanism based on the physical separation of size-
differentiated fractions of the digestive material, which ensures that rumination is applied to large par-
ticles. The reticulum sends the large particles back for reprocessing by grinding, whereas the smaller
particles are retained, fermented and then continue with further digestive processes. The differences
in this sorting mechanism facilitate the fastest and most efficient processing of fibrous material for the
Ruminantia group compared to all other ungulates, providing them with higher digestibility, higher
feed utilization and higher potential uptake of additional diet.

The reticulum has an internal mucosa structure similar to a honeycomb. The sides of the hexagons
vary in length and the crests vary in height. This variation is related to the species of ruminant. The
crests increase the surface area and facilitate further absorption of volatile fatty acids. Again, small and
large particles in the liquid digestate are sorted by flotation and sedimentation. The reticulum then
works as a pump, the liquid with larger particles returns to the rumen, the dense digestate with small,
fermented food particles advances further into the omasum. Poorly digested or improperly chewed
food, the so-called physically effective fibre, stimulates the reticulum and the rumen to powerful con-
tractions which return it via regurgitation through the oesophagus to the oral cavity for re-chewing,
salivation and swallowing.

The omasum was a key innovation in the development of the foregut, a unique hallmark of the
Pecora group’s digestive anatomy. The omasum continues to ferment and reabsorb the fluid required
for both washing out microbes and the mechanism of reticular separation. The mucosa forms
crescent-shaped leaflets. The size of the leaflet surface is also related to food specialization and aids
better water absorption. Moreover, the fluid would mean unnecessary dilution of the digestate in
the abomasum and small intestine, so it is removed in the omasum. The genus cattle (Bos), have the
largest and most efficient omasum.

The abomasum, or stomach proper, with the typical functions as such, is complex, lined with va-
rious types of glandular mucosa that forms cilia. Fermentation residues that have not been absorbed
and microbes multiplied during fermentation in the foregut are digested here. The abomasum is con-
nected by the pylorus to the small intestine and digestion is then carried out enzymatically, similar to
monogastric animals.

Thanks to adaptations, ruminants have overcome the herbivore problem, the level of feed intake is
negatively related to digestive efficiency, determined by factors such as the thoroughness of grinding
the food by chewing and retaining the digestive material in the digestive tract. An additional increase
in digestion efficiency lies in the omasum’s output and the density (flowability) of the liquid fraction
of the digestate. This is further aided by the symbiosis of the microbiome being “set” for biomass pro-
duction (Clauss & Rossner 2014). Different ruminant species further differ not only in the level of these
abilities but also in other significant morphophysiological differences.

Different roughages show many physical and biochemical differences in nutrient content, structure
and digestibility. The most important for ruminant nutrition is that the browse contains a higher per-
centage of nitrogenous substances and secondary metabolites (tannins, alkaloids, oxalates, etc.), while
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the fibre has a higher proportion of lignin and pectin. Grasses, in general, contain more total fibre with
a higher proportion of cellulose and, together with their silicate content, place relatively more resis-
tance during processing and require more energy to chew than when processing browse. During di-
gestion, browse breaks down into flat, polygonal particles which ferment faster, whereas grasses pro-
duce fibre-shaped particles.

Whether it is the type o diet, its specific properties, adaptive traits associated with the ingested
fodder or genetically defined morphophysiological differences in digestion, ruminants can be divided
by these criteria into those feeding on a very high proportion of leaves and herbs - moose-type brow-
sers, and grasses or a mixture of monocots and dicots - grazers and cattle-type intermediates (Clauss et
al.2010). For illustration, the following explanation of genetically defined morphophysiological differ-
ences concerns species from opposite ends of the ruminant species spectrum. In between, however,
there are many species with varying degrees of adaptation to the physiology of digestion (Hofmann
1989), depending on the stage of evolution towards the moose or cattle type.

Extreme browsers, the moose type, are characterized by brachyodont teeth. They have relatively
viscous saliva that uses tannin-binding proteins as a defence strategy against secondary plant com-
pounds in the foliage. Because the production of these proteins is a limiting factor, browsers, although
they have large salivary glands, do not produce the same amount as grazers. The smaller amount, com-
bined with the low flow rate of the high-density, viscous fluid, then consequently reduces the tendency
to stratification in the ruminal mat.

The poor stratification mechanism of the mat prevents the separation of different sized particles
and gas separation; therefore, bubbles are distributed evenly in the mat. The contents of the rumen
of browsers appear to be homogeneous and therefore the wall papillae are uniform. The cusps of the
reticulum are lower to prevent it being completely emptied during contractions during regurgitation
for subsequent mastication. The smaller amount of viscous fluid in the foregut contents thus also does
not require such a large omasum for resorption (Clauss et al. 2010). If browsers do ingest grass, they
cannot use it sufficiently; in the long term, it is impossible for them to obtain enough nutrients and
energy to meet all their needs from such diet alone.

Extreme grazers, such as cattle, are characterized by hypsodont teeth. The salivary glands are in-
deed smaller and produce a rather runnier saliva, but in larger quantities. The high flow of non-viscous
fluid with lower density helps to stratify the mat. Layers separate due to individual particles floating
and sedimenting in the fluid. A floating layer of undigested fibrous particles forms on the surface, en-
tangled in the ruminal mat, with a liquid layer in the middle and a dense component, consisting of
partly digested contents, on the bottom. Above the surface is a separate gas dome. This highly efficient
stratification of the solid content takes a longer time. In contrast, the liquid fraction of the feed moves
through the digestive tract faster than the larger particles of the solid fraction, effectively washing out
even very fine particles such as bacteria from the digesta. This allows the subsequent continuous, in-
creased “harvesting” of microbes from the foregut for autoenzymatic digestion by the animal in the
abomasum (Clauss & Hummel 2017).

Cattle-type grazers are further characterized by incomplete rumen papillae, which decrease to com-
pletely disappear in the dorsal and ventral parts of the rumen. The reticular cusps are higher. The greater
amount of fluid passing through the rumen and the reticulum is absorbed by a larger volume omasum.
Due to the high fluid flow and more efficient microbial washout, grazers have a higher microbial yield
of nitrogenous substances (per unit of fermented organic matter) produced in the rumen, digested in
the abomasum and absorbed in the small intestine compared to browsers (Clauss et al. 2010). Grazers
can cope relatively well with feeding on browse, however, in the longer term, because of their highly
efficient digestion, grasses have a slower but ultimately higher digestibility than browse. Digestion of
grasses requires more complicated retention mechanisms compared to browse - longer retention time
of solid particles and conversely faster passage of fluid and greater foregut and intestinal capacity, but
effective grazers have all these things and can use them.

Intermediates, despite adaptations typical of cattle-type digestive morphophysiology (Codron &
Clauss 2010), have been able to maintain a degree of dietary flexibility due to the changing envi-
ronmental conditions in which they live. This could be due to compensation by adaptive traits asso-
ciated with the food currently ingested, such as tooth wear rate, size of masticatory muscles, surface
area of individual rumen papillae and omasum leaflets.

118



Vertebrates are unable to digest plant fibre (especially cellulose, hemicellulose, lignin) with their own
enzymes (autoenzymatically), instead they must rely on a symbiotic microbiome (alloenzymatic diges-
tion). The ruminant foregut is populated by the following microscopic organisms (bacteria are the most
important, followed by protozoa, fungi, etc. ), whose primary specialization and essence is to convert
the nutrients and energy stored in the fibres of plant matter into volatile fatty acids (acetic, propionic,
butyric, etc.), which are the most essential nutrients and the main source of energy for themselves and
the host animal. Putting it simply, the ruminants’fodder is essentially food for the microbiome and the
microbiome itself, with its digestion products, is then food for the ruminant.

With the constant propagation of the microbiome and the mechanism of its being washed out of
the rumen, in the presence of large amounts of fluid, it is subsequently absorbed as microbial nitrogen
in the small intestine. And new generations of microbes continue to ferment all carbohydrates into vo-
latile fatty acids. Again, this process works best in an environment with high water, saliva and microbial
mucus content. The fluid contains bicarbonate and phosphate, which act as a buffer to keep the rumen
pH at optimal levels. Plant fibre is fermented slowly and volatile fatty acids can be digested as they are
produced. In this case, the fermentation chamber’s environment and pH remain more or less stable.

If, for various reasons, the conditions and health of the organism or the environment of the rumen
itself change, for example due to inappropriate dietary item, the microbiome must react via its compo-
sition and try to compensate. After overcoming such a minor situation, the microbiome always tends
to return to its specific normal. However, if the situation is serious, or if there are frequent pH fluctua-
tions and changes in the fermentation chamber, a condition called dysbiosis occurs, i.e. a disturbance
in the balance of the population, leading to a decrease in the diversity of microorganisms or even a
decrease in “good” and an increase in “bad” microbes. The type of feed can influence the fluctuations
in the growth of microorganisms within the rumen.

Only feed that creates a set of physical and chemical properties and conditions at the main site of di-
gestion, the foregut in ruminants, so that it maintains the health of the animal and its microbiome can
be considered suitable or correct. If animals are fed unnatural and inappropriate feeds that do not cor-
respond to these properties, conditions and digestive adaptations, then this can lead to a range of di-
gestive disorders and metabolic diseases (Gonzalez et al. 2012). Diets containing relevant amounts of
inappropriate, concentrated ingredients can significantly alter essential, genetically defined rumen
functions such as content stratification (Tahas et al. 2017). Impaired rumen function may then also
pose a problem even with the correct feed component. It is essential to correctly define the cause of
the problem, but logically it should never be the natural diet. Therefore, it is necessary to approximate
it as much as possible in captivity.

Feeding roughage provides a favourable environment for beneficial cellulolytic bacteria to grow in.
Excessive starches and simple sugars in the feed lead to an unfavourable environment for cellulolytic
bacteria and, in contrast, one favourable for the growth of amylolytic bacteria. If the organism is, to
some extent, able to compensate for such feed by adaptive features of the digestive system, obesity is
usually the result, and has been shown to be associated with cardiovascular problems and reproduct-
ive disorders. Sugars and starches are fermented very rapidly compared to fibre, if the microbiome
produces more volatile fatty acids than can be absorbed and the pH starts to drop in the fermentation
chamber, due to excessive fermentation, this leads to acidosis. The consequence is diarrhoea, bloating,
constipation and rumenitis. If acidosis is severe with repeated fluctuations in pH and changes in the
proportion and growth of microorganisms, dysbiosis occurs. In this case, when microbial metabolism is
less efficient, there is a risk of malfermentation and subsequent poor nutrient utilization or completely
unused nutrients being washed out. This is then linked to a further possible cascade of various health
problems, low intake and weight loss, a chronic lack of energy, laminitis and overgrown hooves, liver
abscesses and even a general reduction in the animal’s lifespan. Such feed is therefore not only risky
and life-threatening, but also unnecessarily wasteful.
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The microbiome is also involved in detoxification and immune processes, in the right amount and
composition it inhibits the development of pathogens.

Particularly abnormal oral behaviour can appear in herbivores in captivity, for example excessively
licking the surrounding objects, walls, licking and biting the fur of other animals. Another behaviour
that is also quite common is pica, such as imbibing urine, faeces, animal-based feed, etc. Stereotypic
behaviour, excessive aggression in defence of dietary items or cannibalism, are other typical forms of
abnormal behaviour. These problems may be caused by errors in nutrition or feeding techniques. The
reason is unsatisfied foraging behaviour, the wrong type or lack of feed, and the day becomes empty
for the animals.

Ungulates spend about 8-10 hours a day searching for and nibbling the best leaves or grazing land.
Rumination means the animal has a constant intake of feed. The composition of the feed influences
the additional time spent ruminating. A cow fed on hay ruminates for an average of 8 hours, whereas
concentrated feeds reduce this time to just 2.5 hours per day. Rumination is also a defensive strategy.
After ingesting large amounts of forage and then ruminating while resting in a safe place, the animal
conserves significant amounts of energy while reducing the risk of predation. Feeding enrichment usu-
ally mimics the phase of searching for or hunting the staple food, i.e. the challenging part of obtaining
energy. For ruminants, the relative abundance of plant material represents the easy part of obtaining
energy, whereas the challenging part is digesting this feed. Thus, the term enrichment for ruminants
can simply be thought of as a full manger, or an unrestricted amount of suitable, easily eaten, roughage.
However, feeding technique is also important; grazers should take their feed from the ground, floor or
trough, whereas browsers should take their feed from mangers or suspended at several points around
the exposition. Correct feeding technique can prevent some injuries and infections, but also common
problems related to excessive wear or incorrect tooth growth.

For the health of the organism, proper foregut function and efficient digestion, it is necessary to accept
the adaptations of ruminant digestion. The entire complex process of digestion is related to symbiosis,
fermentation and the trophic utilization of the microorganisms in the rumen, the intrinsic stratification
mechanisms of the foregut and rumination. The most important recommendation is not to disturb the
balance of the environment and the contents of the fermentation chambers. The foregut and ruminal
digestion of ruminants only works properly and very efficiently when fed high fibre feeds. It doesn't
work so well when fed energy-dense, low fibre feeds such as fruit, root vegetables or cereals. It can
simply be shown that after feeding significant amounts of inappropriate types of concentrated feed,
the animal reduces its total roughage intake.

Therefore, if it is undesirable to disturb the fermentation process by using concentrated feeds, but
there is still a need to increase the energy intake of any animal, an increase in the total amount of feed
intake is suggested. This can be achieved in ruminants by increasing the efficiency of fermentative di-
gestion. Digestion of plant fibre by the microbiome is more efficient the longer it takes or the longer
the average gastrointestinal retention time (enough water, no concentrates and changing hay for hay
that has better uptake). Alternatively, a more thoroughly chewed mouthful, i.e. finer particles of plant
fibres, guarantees a higher energy intake. For the breeder, in this case, the prevention of issues related
to tooth health is of primary importance

Thus, poorly chosen roughage, a lack of neutral detergent fibre (NDF) or additional added sugars
and starches in the diet cause problems for ruminants kept in captivity. The NDF content (i.e. cellulose,
hemicellulose, lignin) in the dry matter of grass forage varies from 55 - 78%, for alfalfa forage it is 38 -
49% and for browse it is 30 — 46%, depending on species and maturity. Grass and alfalfa forage and
browse contain negligible amounts of starches, 0 - 7%, and 2 - 16% of simple sugars in the dry matter
(EAZA Giraffe EEPs 2006). For the needs of many cattle type grazers, grass hay or straw of low or medium
nutritional quality is more expedient. However, the hygiene must always be impeccable. If it is neces-
sary to meet an increased requirement, for example during lactation, this can be done by using hay
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with a higher nutritional value, adding greens or silage. Moose-type browsers, which have the most
demanding needs, require alfalfa hay of high nutritional quality. During periods of increased nutrient
and energy needs, hay or silage with a higher percentage of leaves or a higher proportion of green
browse than alfalfa hay can be used. For ungulates kept in captivity it is absolutely crucial to offer va-
rious types of roughage, especially in situations where energy or nutritional requirements increase, and
with the addition of a reasonable amount of suitable supplementary, mineralized pellets, it is possible
to have animals in perfect condition. Even the frequent condition of variety in the fodder ration can
be ensured by offering different roughages with varying nutritional value.

Regular assessments are made of the condition, weight and shape and consistency of the faeces to
check an animal’s nutritional status. Fecal and body condition scores or comparisons with wild species
can help to objectively assess the individual.

Understanding the development and function of the rumen is fundamental for ruminant breeding in
institutions with a focus on environmental education. It is dangerous, unnatural and unprofessional to
feed inappropriate, energy-concentrated feeds when presenting these animals. It is essential to create
the conditions to mimic the natural feeding behaviour associated with their exceptional adaptations
to the digestive system.
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