Klokének kralikovity (Bettongia penicillata)
Woylie (Bettongia penicillata) Foto/Photo by Roman Vodicka
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Potravni chovani zvifat je vysledkem evolu¢ni adaptace a zkusenosti souvisejicich s podminkami v pfi-
rozeném prostiedi a dostupnosti zdrojl potravy. Zvifata jsou pfizplsobena k ziskavani potravy, ktera
optimalné pokryje jejich fyziologické pozadavky. Ideaini profil potiebnych Zivin tak pfedstavuje pfiro-
zenad potrava. SlozZity vyvoj adaptaci traviciho traktu trval miliony let a nelze si pfedstavovat, Ze v lidské
péci si organismus jedince na odlisné ndhradni krmeni jednoduse zvykne. Spravné nastavend a kvalitni
krmna davka je zakladni podminkou nejen pro pfeZiti a zdravi organismu, ale ovliviiuje i nékteré prvky
chovéni a komfort zvitete. Co nejpfirozenéjsi skladba krmeni zvifat v lidské péci tak pfedstavuje i ten
nejlepsi a nejlevnéjsi zpdsob welfare.

Obecné ma travici soustava u riznych Zivocisnych druht stejné ¢asti, ale jejich velikost a funkce se u jed-
notlivych druh lisi podle charakteru jejich pfirozené potravy. Metabolismus klokanovitych spasacd,
intermediatti a okusovact je prizpsoben tomu, aby dokazal ziskat co nejvice zivin z travy, bylin nebo
listi a kliry strom(. Vezravi klokankoviti, pfevazné frugivori, dale z velké ¢asti uprednostiuji houby,
hlizy, semena, plody a hmyz.

Klokanoviti travi pomoci mikrobiomu ve slozZitém zaludku, jehoz obsah mUize ¢init 9-15 % celkové
télesné hmotnosti (Dawson,1995). Vyhody mikrobialni fermentace jsou stejné jako u prezvykavych
kopytnikd. Symbiotické mikroorganismy travi celulézu z rostlinnych bunéénych stén anaerobné, a tak
produkuji tékavé mastné kyseliny, které poskytuji hlavni zdroj energie hostiteli. Anatomie zaludku klo-
kanovitych se vsak od predzaludku prezvykavci lisi (Freudenberger et al., 1989; Hume, 1999; Tynda-
le-Biscoe, 2005).

Relativné velky jednokomorovy Zaludek je ¢lenény na Ctyfi ¢asti — vakovitou, tubovitou, zadni ¢ast
a vratnik.

Vzhledem k rozdilné skladbé potravy jsou jednotlivé ¢asti zaludku riiznych skupin druh( odlisné vy-
vinuty. Tyto ¢asti maji i riiznou funkci, dle typu sliznice a hodnoty pH. U klokankovitych a vyhradné nebo
prevazné listozravych klokand je vakovité ¢ast Zaludku vétsi nez tubovitd, coz odrézi jejich straviteln&jsi
potravu, nizsi pozadavek na mikrobidlni fermentaci a rozklad vldkniny oproti spasacdm (Hume,1999).
U okusovaci specialistl je vsak navic pfitomna haustrace vakovité ¢asti zaludku - vice zahyb( Zalu-
decni stény, jez vytvaii dalsi mensi vacky, kde se dlikladnéji zadrzuje a promichévé potrava pro delsi
a efektivnéjsi natraveni listi. U spasac je vyrazné vétsi tubovitd oblast, jeZ je hlavnim mistem bakteri-
alni fermentace pro Stépeni vysokého obsahu vlakniny v pici.
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Anatomie Zaludku klokan(

a) tubovita cast; b) jicen; c) vakovita ¢ast; d) taenia; e) zadni cast; f) vratnik

i) spasaci — vétsi tubovita ¢ast (a) zaludku, hlavni misto bakteridlni fermentace

ii) intermediati

iii) klokénkoviti, okusovaci a intermediati Thylogale spp. s prevahou listi a bylin v potravé - vétsi vakovita ¢ast

Anatomy of macropods stomach
a) tubiform forestomach; b) oesophagus; c) sacciform forestomach; d) taenia; e) hindstomach; f) pylorus
i) grazers - a larger tubiform part (a) of the stomach, the main site of bacterial fermentation
ii) intermediates
ii) potoroids, browsers and intermediates of Thylogale spp. with a predominance of leaves and herbs
in the diet - a larger sacciform part

Zdroj/Source: https://veteriankey.com/macropods/, podle Hume, 1999; Tyndale-Biscoe, 2005

Zubni vzorec klokan( je 1 3/1, C0-1/0, P 1-2/1-2, M 4/4. Dolni fezéky jsou zvétdené a sméfuji dopfedu.
U Celedi klokankovitych jsou oproti klokanovitym fezaky horni ¢elisti znacné rozsifené a pfitomné malé
$picaky pomahaji s ichopem velkych plodd nebo louskanim tvrdych semen. Specializaci také vyrazné
odpovida velikost diastemy a tfenovych zub(. Stolicky jsou bunolofodontni - hrboly zubu mezi sebou
spojuji podélné i pricné hiebeny, tzv. lofy nebo bilofodontni - hrboly zubu utvéfi dva vyrazné pri¢né
hiebeny s sirokou brazdou. U nékterych druh(i dochazi k jejich postupné anteriorni migraci jako je tomu
u slond a kapustnakd. Tento rdst a posun stoli¢ek odzadu dopfedu v elisti je ovlivnén opotiebenim téch
prednich. Rliznou miru odolnosti zubd viici abrazivnim komponentdm v pici urcuje typ a vrstva skloviny.

U volné Zijicich klokankovitych a okusovacu je vrstva skloviny na korunkach zubd silna, potravou,
resp. o listi se neobrusuji a nevypadavaji. U spasacu je sklovina na tfenovém zubu a stolickach kreh¢i
struktury a v tenké vrstvé, zuby se pfirozené opotiebovavaji o travu, jez obsahuje kfemicitany, vy-
padavaji a nahrazuji je dali v Fadé. Spatné zvoleny typ nabizeného krmiva maze zp(isobit posko-
zeni chrupu (nepfirozené obrouseni zubti u okusovacd) nebo narusit normalni proces ristu a vymeény
stoli¢ek u spasacu.
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Potoroidae
Dendrolagus
Dorcopsis
Dorcopsulus
Setonix
Wallabia

Lagorchestes

Lagostrophus

Onychogalea

Petrogale

Thylogale

Macropus - podrod Notamacropus

Macropus - podrod Macropus
podrod Osphranter

a) Klokankoviti a okusovaci - Celisti rovné; trenové zuby silné, dlouhé, cepelovitého tvaru a nevypadavaji; stolicky maji
nizké korunky, neobrusuiji se, zlistavaji po cely Zivot. Potravu zvykaji, mackaji a drti. Okluzni morfologie dale rozlisuje
viezravé klokankovité s bunolofodontnimi nizkymi stolickami s tupymi hrboly, jez utvafi pficné a podélné hiebeny
od okusovact s bilofodontnimi stoli¢ckami s vyraznymi pficnymi hiebeny s ostrymi hrboly.

Vyjimka: klokan bazinny ma chrup jako okusovac, velmi Siroké trenové zuby zUstavaji po cely Zivot a stolicky se ne-
méni, i kdyz podle pfirozené potravy se jedna spise o intermediata.

b) Intermediati - Celisti mirné zakfivené; zuby se pomalu opotiebovavaji, k vypadnuti mensich tfenovych zubt mize
(ale vétsinou az v pozdéjsim véku) i nemusi dojit.

¢) Spasaci - celisti zakfivené do oblouku; trenové zuby kratké, malé a vypadavaji; stolicky maji vysoké korunky s podél-
nymi listami, Sirokymi brazdami a tupymi hrboly, obrusuji se v paru, po opotfebeni vypadavaji a posouva se odzadu
dopredu dalsi par. Potravu - travu stiihaji.

a) Potoroids and browsers - straight jaws; strong, long, blade-shaped premolars that are not shed; the molars have low
crowns, they do not abrade, they remain for life. They chew, squeeze and crush the food. Occlusal morphology further
distinguishes omnivorous potoroids, with bunolophodont low molars with blunt cusps, which form transverse and
longitudinal ridges, and browsers, with bilophodont molars with pronounced transverse ridges with sharp cusps.
Exception: the swamp wallaby has teeth like a browser, very broad premolars remain throughout life and the molars
do not change, although, based on its natural food, it is more of an intermediate.

b) Intermediates - jaws slightly curved; the teeth slowly wear down, smaller premolars maybe shed (but usually at
a later age) although this may not happen.

¢) Grazers - jaws curved in an arc; premolars short, small and shed; the molars have high crowns with longitudinal
ridges, wide furrows and blunt lophs, they grind in pairs, fall out after wear and another pair progresses from the rear
to the front. Food - they shear the grass.

Obr. zdroj:https://veteriankey.com/macropods/, zafazeni a popis podle Janis et al,, 2016
Fig. Source:https://veteriankey.com/macropods/, ordening and description according Janis et al., 2016
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Obrazek 1: Zaludek klokana obrovského (Macropus giganteus)
Figure 1: Stomach of the eastern grey kangaroo (Macropus giganteus) Foto/Photo by Roman Vodicka

Obrazek 2: Zaludek klokana Hagenova (Dorcopsis hageni)

Porovnani ¢asti zaludku spasace klokana obrovského (obrazek 1) a okusovace klokana Hagenova (obrazek 2).

Trava obsahuje oproti okusu vyssi obsah celulézy a hemiceluldzy. Tubovité ¢ast zaludku (a), jez je hlavnim mistem, kde
dochézi ke stépeni téchto slozek potravy mikrobiomem, je u spasacii v porovnani s okusovaci vyrazné objemnéjsi

a delsi. Na obrazku je dale vyznacen jicen (b), vakovita ¢ast (c), taenia (d), zadni ¢ast zaludku (e) a vratnik (f).

Figure 2: Stomach of white-striped dorcopsis (Dorcopsis hageni)

Comparing the parts of the stomach of a grazer, eastern grey kangaroo (Figure 1), and a browser, white-striped
dorcopsis (Figure 2).

Grass has a higher cellulose and hemicellulose content compared to browse. The tubiform part of the stomach (a),
which is the main place where the feed components are broken down by the microbiome, is much larger and longer in
grazers compared to browsers. The figure also shows the oesophagus (b), the sacciformpart (c), the taenia (d), the hind-
stomach (e) and the pylorus (f). Foto/Photo by Roman Vodicka
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Obrazek 3: Chrup klokana parmy (Macropus parma)
Figure 3: Teeth of Parma wallaby (Macropus parma) Foto/Photo by Roman Vodicka

Obrazek 4: Chrup klokana Hagenova (Dorcopsis hageni)

Porovnani zubU intermediata klokana parmy (obrazek 3) a okusovace klokana Hagenova (obrazek 4).

U klokana parmy dochdzi diky abrazivni potravé (vyraznd pievaha trav) v mirné zakfivenych celistech (naznaceno
kfivkou) k obrusovani a vypadavéni zubd, jez jsou vici sobé v okluzi. Docasné premolary dP2 a dP3 jsou v pozdéjsim
véku nahrazeny tfenovym zubem P3 jez roste zespoda. U P3 zaroven s nasledujici stolickou vsak také pozdéji dochazi

k opotfebeni. Opotfebované stolicky vypadavaji a jsou nahrazovény tou daldi v fadé, jez se posouva dopfedu. U klokana
Hagenova vidime rovné Celisti se véemi zuby v okluzi. Velké tfenové zuby blokuji migraci stoli¢ek. Viechny trvalé zuby
zlistavaji po cely Zivot, a tak je jejich nadmérné obrusovani vlivem abrazivniho krmiva nezadouci.

Figure 4: Teeth of white-striped dorcopsis (Dorcopsis hageni)

Comparison of teeth from an intermediate, Parma wallaby (Figure 3), and a browser, white-striped dorcopsis (Figure 4).
Due to the abrasive food (high predominance of grasses) the Parma wallaby has slightly curved jaws (indicated by the
curve) for occluded teeth that grind and drop out. The deciduous premolars, dP2 and dP3, are replaced at a later age by
the premolar P3 which grows from below. However, over time, the P3, along with the molar behind it, also wear out. The
worn molars fall out and are replaced by the next in line, which moves forward. In the white-striped dorcopsis, the jaws
is straight with all the teeth in occlusion. The large retained premolars prevent molar migration. All the permanent teeth
remain for life, so excessive abrasion due to abrasive food is highly undesirable. Foto/Photo by Roman Vodicka
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Progresivni periodontélni onemocnéni (lumpy jaw) je jednou z nejcastéjsich pficin morbidity a morta-
lity klokand rdiznych druhti chovanych v lidské péci po celém svété. Je to komplexni syndrom, ktery se
vyznacuije proliferativni osteomyelitidou celisti spojenou s bakterialni infekci, ktera zplisobuje otok mék-
kych tkani dasné (Vogelnest, 2015). McLelland (2019) nemoc definuje jako multifaktorialni progresivni
zénétlivé a nekrotizujici polymikrobidini onemocnéni spojené prevézné s anaerobni oportunni bakte-
ridlni infekci mékké tkané a kosti — podpUrnych struktur zubt, které v ranych stadiich ziejmé vychazi
z gingivitidy a periodontitidy a prechazi az do priméarné mandibularni nebo i maxilarni osteomyelitidy.

Nejcastéjsi pficinou gingivitidy (zanétu dasni) je plak a nejcastéjsi pficinou periodontitidy neboli
zanétu ozubice je zubnikaz. | pro lidskou populaci plati, Ze nejvyznamnéjsi faktor, jez vede k rozvoji za-
nétu je vyzivovy. Z predchozi definice tedy vyplyva, Ze progresivni periodontalni onemocnéni by mohlo
zpUsobovat nevhodné krmeni s vysokym obsahem mono a disacharidd - cukrd a $krob( (ovoce, zele-
nina, pecivo, granulaty na bazi obilovin apod.) a nizky pfijem objemového krmiva nebo celkové nizky
prijem krmiva. Dostatek vhodného objemového krmiva nejenze zajistuje dikladné Zvykani a prosli-
néni sousta, jez udrzuje optimalni pH prostfedi v tlamé (a tak pfekyselené prostfedi nenarusuje sklo-
vinu), ale ma i dllezity Cistici efekt.

K udrZeni optimalniho mikrobiomu a zdravych zubt a ddsni mdze pomoci odpovidajici krmna dévka.

Pro klokanovité musi byt tvofena vhodnym druhem objemového krmiva, doplnéna o limitované
mnozstvi vhodného granulatu, jimz kompenzujeme deficitni mineralni latky odlisnych druh( okusu,
pastvy nebo sena z velmi chudych pid. Objemové krmivo pro spasace predstavuje trdva a travni seno,
pro intermediaty je idedIni lu¢ni seno s urcitym podilem bylin, sezénné doplnéné okusem. Objemové
krmivo pro okusovace zastupuji byliny, okus (listi i kdira strom() a kvalitni vojtéskové seno. Jako vysoce
nevhodné krmivo hodnotime obiloviny, pecivo, ovoce a zeleninu s vyjimkou vybranych druh listové
zeleniny pro okusovace. Z krmivéiského hlediska vychézi proto doporuceni nechovat spésace a oku-
sovace dohromady a pfizpUsobit i druh pastvy ve vybéhu konkrétnimu druhu klokana. V pfipadé spo-
le¢né expozice je minimalné nutné poskytnout nadbytek riznych vybranych druh( objemu na nékolik
mist. Jelikoz v evropskych podminkach mdzeme klokanim jen tézko nabizet presné ty druhy rostlin,
které jsou soucasti jejich pfirozené potravy a na které jsou adaptovani v lokalité jejich vyskytu, mdze
se stat, Ze si zCasti budou jednotlivé komponenty potravy uzirat navzajem.V tomto pfipadé plati, ze
krétkodobé se spasaci lépe vyrovnaji s okusem nezli okusovaci s trdvou.

U klokankovitych by mélo byt podstatné mnozstvi a vyvazeny pomér zastoupenych slozek krmné
déavky kompozi¢né co nejpodobnéjsich potravé v pfirodé. Vychazet bychom tedy méli ze znalosti o pfi-
rozené potravé, o potiebach Zivin a fyziologickych adaptacich jednotlivych druha.

60



2 o ; T AT
o L SR EEAREE .~ o FR 00 E :
T AT o 2 s VA

P T S TN [ = B i
e s o b

Obrézek 5: Progresivni periodontalni onemocnéni
Figure 5: Progressive periodontal disease Foto/ Photo by Roman Vodicka
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The feeding behaviour of animals is the result of evolutionary adaptation and the experiences asso-
ciated with the natural conditions and the availability of food resources. Animals are adapted to obtain
food that best covers their physiological needs. Thus, natural diet represents the ideal profile of the
necessary nutrients. The complex development of adaptations in the digestive tract has taken millions
of years, so it is impossible to imagine that an individual’s organism will simply get used to a different
substitute feeding whilst in captivity. When correctly attuned, good-quality feed at the correct dosage
is a basic condition not only for the organism'’s survival and health, but it also affects some elements
of the animal’s behaviour and comfort. Thus, if the feed for animals in captivity is as close to its natural
composition as possible, then this also represents the best and cheapest way to look after their welfare.

In general, the digestive system has the same parts in various animal species, but their size and func-
tion vary from species to species depending on the nature of their natural diet. The metabolism of ma-
cropod grazers, intermediates and browsers is adapted so it can obtain as many nutrients as possible
from grass, herbs or leaves and tree bark. In addition, omnivorous potoroids, predominantly fungivores
and frugivores, further prefer fungi, tubers, seeds and insects.

Macropods digest their food with the aid of their microbiome in a complex stomach, this contents
can be 9-15 % of the total body weight (Dawson, 1995). The benefits of microbial fermentation are
the same as for ruminant ungulates. Symbiotic microorganisms anaerobically digest cellulose from
plant cell walls, thus producing volatile fatty acids that provide the main source of energy to the host.
However, the anatomy of the macropod stomach differs from that of ruminants (Freudenberger et al.,
1989; Hume, 1999; Tyndale-Biscoe, 2005).

The relatively large single chamber stomach is divided into four parts—sacciform (sac-shaped), tubiform
(tube-shaped), hindstomach and pylorus.

Due to the different composition of the food, the individual parts of the stomach of different groups
of species have developed in different ways. These parts also have different functions, depending on
the type of mucosa and the pH value. In potoroids and exclusively or predominantly leaf-eating walla-
bies, the sacciform part of the stomach is larger than the tubiform, reflecting their more digestible
food, lower requirement for microbial fermentation and fibre breakdown compared to grazers (Hume,
1999). In the case of specialist browsers, however, there is also the haustration of the sacciform part of
the stomach - more folds of the stomach wall, which creates other smaller sacs, where the food is more
thoroughly retained and mixed for longer and the leaves are digested more efficiently. In grazers, there
is a significantly larger tubular area, which is the main site of bacterial fermentation for the breakdown
of the high fibre content in grass.

The dental formula of macropods is 13/1, C0-1/0, P 1-2/1-2, M 4/4.The lower incisors are enlarged and
point forward. In the Potoroidae family, compared to Macropodidae, the upper jaw incisors are very
broad and the presence of small canines help with gripping large fruits or cracking open hard seeds.
The size of the diastema and premolars also corresponds significantly to the specialization. The molars
are bunolophodont - the cusps of the tooth are rounded and are linked by longitudinal and transverse
ridges called lophs - or bilophodont - the cusps of the tooth form two distinctive transverse ridges with
a wide furrow. In some species, there is gradual anterior migration, as in the case of elephants and ma-
natees. This growth and movement of the molars from the rear to the front of the jaw is affected by
the wear of the front teeth. The varying degrees of the teeth’s resistance to abrasive components in the
forage is determined by the type and layer of enamel.
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In the case of free living potoroids and browsers, the layer of enamel on the crowns of the teeth is
thick, so that they do not wear or fall out due to the food i.e. leaves. In grazers, the enamel on the pre-
molars and molars has a more fragile structure and a thin layer, the teeth naturally wear out on the
grass, which contains silicates, fall out and are replaced by others in the row. Offering the wrong type
of food can damage the teeth (unnatural grinding of the teeth for browsers) or disrupt the normal pro-
cess of molar growth and replacement in grazers.

a) Potoroids and browsers - straight jaws; strong, long, blade-shaped premolars that are not shed; the
molars have low crowns, they do not abrade, they remain for life. They chew, squeeze and crush the
food. Occlusal morphology further distinguishes omnivorous potoroids, with bunolophodont low
molars with blunt cusps, which form transverse and longitudinal ridges, and browsers, with bilo-
phodont molars with pronounced transverse ridges with sharp cusps.
Exception: the swamp wallaby has teeth like a browser, very broad premolars remain throughout
life and the molars do not change, although, based on its natural food, it is more of an intermediate.
Intermediates - jaws slightly curved; the teeth slowly wear down, smaller premolars maybe shed
(but usually at a later age) although this may not happen.
¢) Grazers - jaws curved in an arc; premolars short, small and shed; the molars have high crowns with
longitudinal ridges, wide furrows and blunt lophs, they grind in pairs, fall out after wear and ano-
ther pair progresses from the rear to the front. Food - they shear the grass.

=

Progressive periodontal disease (lumpy jaw) is one of the most common causes of morbidity and mor-
tality in various macropod species kept in captivity around the world. It is a complex syndrome cha-
racterized by proliferative osteomyelitis of the jaw in connection with a bacterial infection that causes
swelling of the soft tissues of the gums (Vogelnest, 2015). McLelland (2019) defines the disease as a mul-
tifactorial progressive inflammatory and necrotizing polymicrobial disease associated mainly with op-
portunistic anaerobic bacterial infection of the soft tissue and bone - the supporting structures of the
teeth, which, in the early stages, probably originates from gingivitis and periodontitis and progresses
to primary mandibular or maxillary osteomyelitis.

The most common cause of gingivitis (inflammation of the gums) is plaque and the most common
cause of periodontitis or gum disease is tooth decay. Just as it is for the human population, the most
important factor leading to the development of inflammation is nutritional. It follows from the pre-
vious definition that progressive periodontal disease could be caused by inappropriate feed with a high
content of mono and disaccharides - sugars and starches (fruits, vegetables, bread, granules based on
cereals, etc.) and a low intake of bulk feed or an overall low intake of feed. Sufficient suitable bulk feed
not only ensures thorough chewing and insalivation of the food, which maintains the optimal pH in
the mouth (thus an over-acidic environment does not disrupt the enamel), but also has an important
cleaning effect.

An appropriate feed ration can help maintain an optimal microbiome, healthy teeth and gums.

For macropods, it must consist of a suitable type of bulk feed, supplemented by a limited amount
of suitable granulate, which is used to compensate for deficient minerals of different types of browse,
pasture or hay from very poor soils. Bulk feed for grazers is grass and grass hay. Meadow hay with a cer-
tain proportion of herbs, seasonally supplemented with browse is ideal for intermediates. Bulk feed for
browsers is represented by herbs, browse (leaves and tree bark) and quality alfalfa hay. Cereals, bread,
fruits and vegetables are considered to be highly unsuitable feed, with the exception of selected types
of leafy vegetables for browsers. Thus, from a feed point of view, the recommendation is not to keep
grazers and browsers together and to adapt the type of grazing in the enclosure to the specific ma-
cropodspecies. In the case of a joint enclosure, it is at least necessary to provide a surplus of different
selected types of bulk in several places. Since in European conditions it is difficult to offer macropods
exactly those plant species that are part of their natural diet and to which they have become adapted
in their habitat, it may happen that they will partly eat teach other’s individual food components. In
this case, in the short term, grazers cope better with browse than browsers do with grass.

In the case of potoroids, a substantial amount of the feed ration should be as similar in composition
as possible to the diet in the wild. Therefore, their feed should be based on knowledge of the individual
species’ natural food, nutritional needs and physiological adaptations.
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