Transport losi samice z Dolniho Dobiejova do Zoo Praha, zvite je pfepravovano v kontejneru
Transporting a female moose from Dolni Dobfejov to Prague Zoo, the animal is transported in a special container
Foto/Photo by Roman Vodicka
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Chov losa evropského (Alces alces) v lidské péci je povazovan za vysoce problematicky. Ackoliv v pfirodé
se losi mohou dozivat 16-20 let, v lidské péci uhyne az 70 % lost béhem prvniho roku Zivota a 90 %
jich uhyne do véku 6 let (Shochat et al., 1997). Tento problém je pfipisovan nékolika faktorlim, za jeden
znejzasadnéjich je povazovana neschopnost uspokojit vysoké potravni naroky tohoto druhu. DalSimi
¢asto zmifiovanymi problémy jsou ndchylnost k hlavnicce, nizké schopnost tolerovat vysoké teploty,
samotarsky zplsob zivota a citlivost k parazitarnim ndkazam (Shochat et al., 1997; Clauss et al., 2002).

Také v Zoo Praha doslo v minulosti k nahlym dhyndm relativné mladych zvitat, coz vedlo ke snaze
tuto situaci fesit. Celakovska tak ve své diplomové praci v roce 2018 nasledné shrnula a zanalyzovala
v zoologickych zahradach vime, provedli jsme podrobnou literrni resersi. Cilem tohoto ¢lanku je po-
délit se o nase poznatky a oZivit debatu o tom, zda vlibec a pfipadné jak Ize pfed¢asnym dhyndm losd
v zoologickych zahradach zabranit. Podrobné se zaméfujeme predevsim na problematiku vyzivy, pfi-
¢emz mnohé zde uvedené poznatky a doporuceni mohou byt uzitecné i pri vyzivé jinych druh( pre-
zvykavcd.

Pricinami Uhyn0 lost v evropskych zoologickych zahradach se podrobnéji zabyval jiz v roce 2002 ko-
lektiv autord, ktery mél moznost hodnotit dozity vék a pficiny Ghynt u 250 jedincl z 19 evropskych
zoologickych zahrad (Clauss et al., 2002). Nejvy3si zaznamenany vék byl 16 let, tohoto véku se viak ne-
dozilo ani 1,5 % narozenych mladat. Co se tyce thyn(, v 12,4 % je tvofily pfed¢asné a mrtvé narozena
mladata. U zivé narozenych mladat pak byla nejvyssi mortalita zaznamendna do jednoho roku Zivota.
Pocetnost thyn( se s vékem nesnizovala, nybrz kulminovala kolem 6. roku. Pokud vezmeme v Gvahu
pouze piic¢iny Uhyn( u jedincd starsich tif mésich, témér v poloviné pripadd se jednalo o tzv. syndrom
chfadnuti’ (wasting syndrome complex; Graf 1).

Pokud se podrobnéji podivame pouze na thyny v dlisledku syndromu chiadnuti, losi mu nejcastéji
podlehli kolem 6. - 8. roku Zivota (Graf 2). To podporuje domnénku, Ze se v podstaté jedna o postupné
gradujici poskozovani trdviciho traktu, které v urcitém véku zvitete pfesahne inosnou mez a zvife hyne
(Shochat et al., 1997). PostiZeni losi vykazovali zanéty zaZivaciho Ustroji a viditelné chradli. U poloviny
z nich byla zaznamenana pfitomnost endoparazitd (predevsim Trichuris spp.) a u pétiny z nich bakte-
rialni infekce (pfedevsim Clostridium spp.).

" Toto postizeni by nemélo byt zaméfovano s chronickym chiadnutim jelenovitych (chronic wasting disease), coz je onemoc-
néni zplisobené prionovym proteinem a prokazané u jedinct jak ve volné pfirodé, tak v lidské péci.
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Graf 1. Priciny mortality losd chovanych v evropskych zoologickych zahradach podle Clauss et al., (2002). Syndrom
chiadnuti je pficinou vétsiny uhynl nejen v Evropé, ale i v Severni Americe.

Chart 1. Causes of mortality of moose kept in European zoos according to Clauss et al., (2002). Wasting syndrome com-
plex is the cause of most deaths in both Europe and in North America.

Pod syndromem chradnuti se skryva komplex problém{ zahrnujici nespecifické zanéty strev, chro-
nicky prdjem a ztratu télesné kondice, ¢asto za spoluptisobeni infekénich agens parazitarniho a bak-
teridIniho plivodu (Shochat et al., 1997). P¥iCiny vzniku tohoto syndromu jsou zatim pfedmétem debat
a jistou dobu existovala neshoda mezi Evropou a zdmofim v otdzce toho, jakou roli zde sehrava pastva
(Clauss et al., 2002). Ackoliv v piirodé tvofi traviny méné nez dvé procenta potravy losa (viz kapitola
Okusovac se specializaci), v zoologickych zahradéch se losi pasou pomérné ochotné a nékteré zoolo-
gické zahrady uvadéji, ze s jejich chovem mély problémy do té doby, dokud je drzely v travnatych vy-
bézich (Shochat et al., 1997). Zatimco v Severni Americe se mélo za to, Ze syndrom chfadnuti ma na
svédomi samotna konzumace travin, v Evropé se odbornici pfiklanéli spise k tomu, Ze skrze pastvu se
losi snadnéji nakazi stfevnimi parazity (Shochat et al., 1997). Losi jakoZto tzv. okusovati?, ktefi se navic
pohybuji vétsinou solitérné na velkém tzemi, nejsou proti podobnym nékazam pravdépodobné prilis
dobre evolu¢né vybaveni.

Pastvou ale seznam podezielych v kauze ,syndrom chfadnuti” nekon¢i. V sou¢asné odborné litera-
tufe zaméfené na vyzivu prezvykavcl se také pomérné casto setkdvame s problémem subakutni ba-
chorové acidézy (subacute ruminal acidosis).

Subakutni bachorové aciddza byla poprvé popséna v roce 1970 u doméciho skotu (Dirksen, 1970). Jedna
se o pfechodny pokles pH bachoru prezvykavc( (Graf 3). K tomuto nezadoucimu poklesu pH dochazi
pfi nedostate¢ném piijmu vidkniny, a naopak zvyseném piijmu koncentrovanych krmiv obsahujicich
jednoduché, rychle kvasici cukry. V zemédélském priimyslu je pficinou vzniku tohoto problému snaha
0 €0 nejvyssi produkci. Zvifata jsou misto objemu ve formé sena krmena koncentrovanymi krmivy
v podobé granulatd na bézi obilovin, jejichZ Ukolem je zajistit co nejvyssi vytézek. Vysledkem v3ak také

2 Okusovaci (browsers) se 7ivi predevaim listim, letorosty strom(i a kefd a sirokolistymi dvoudéloznymi bylinami, zatimco po-
travou spasact (grazers) jsou prevazné ¢i vyhradné traviny. Piechodové typy bylozravci neboli intermediéti (intermediate fee-
ders) se vyznamnou mérou zivi obojim.
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Samice ve velmi $patném zdravotnim stavu, neni schopna se postarat o mladé. | pres intenzivni lé¢bu musela byt 3 dny

poté utracena. Tento pfiklad ukazuje, ze narozeni mladéte bezpodminecné neznamené vyvazenou krmnou davku.

A female in very poor condition, unable to take care of young. Despite intensive treatment, she was euthanasied 3 days

later. This example shows that breeding, respective giving birth to a young by a female, does not necessarily mean that
we have optimal feeding ration. Foto/Photo by Roman Voditka

bohuzel byvé nutnost porazit v Sesti letech ze zdravotnich dlivodi zvirata, kterd se normalné mohou
dozit i 20 let (Khiaosa-Ard et Zebeli, 2018). Subakutni bachorové aciddza se viak netyka jen skotu. Uz
v roce 1978 byla pfipsana vzniku travicich potizi u nékolika druhti prezvykavcid chovanych v zoologic-
kych zahradach, jmenovité u pizmoné, jelena milu a Zirafy (Elze et al., 1978). Pozdéji se ukazalo, Ze ma
také co do ¢inéni s problémem pierlstani paznehtd, dotéenymi zvifaty byli v tomto pfipadé tahr hi-
malajsky a antilopa jeleni (Zenker et al., 2009).

V prostfedi zoologickych zahrad je subakutni bachorova acidéza vysledkem podéavéani nevhodnych
krmiv, jako je ovoce, nékteré druhy zeleniny a obiloviny. Ovoce i mnoho druh(i zeleniny péstovanych pro
lidskou konzumaci (napf. jablka, banany a mrkev) obsahuji vysoké mnozstvi velmi rychle zkvasitelnych
jednoduchych cukrd, jejichz fermentace je popisovana jako vybusna (Oftendal et al., 1996). Subakutni
acidozu bachoru ale mUze zpusobit i pfilisné a nevhodné krmeni granulaty, zvasté pak témi, které ob-
sahuji obiloviny (Schilcher et al., 2013; Tahas et al., 2018). Prikladem nevhodného krmeni je ranni poda-
vani granulatu za Ucelem premisténi a oddéleni zvifat na uklid. Pokud zvifata pfijmou velké mnozstvi
granulatu, aniz by pred tim méla pfistup k objemovému krmivu, mdZe v jejich predzaludku granulat
plsobit obdobnym zplsobem jako krmiva s vysokym obsahem jednoduchych cukrd.

Jak mize subakutni bachorova acidéza, kterou ¢asto ani nejsme schopni navenek na dotéeném
prezvykavci pozorovat, vést k jeho zdravotnim problémdm a v extrémnim piipadé az k jeho uhynu? Za
prvé, travici trakt predstavuje jedno z nejdilezitéjsich propojeni mezi télem jedince a vnéjsim svétem.
Jeho Ukolem je nejen vstiebdvat Ziviny, ale také hraje velkou roli v obranyschopnosti a imunité or-
ganismu. Za druhé, v bachoru prezvykavci Zije obrovské mnozstvi mikroorganism, které pomahaji
travit celuldzu, coz je velmi sloZity proces. Jejich pfitomnost je zde tolerovédna imunitnim systémem,
pficemz tento kiehky vztah,,symbiotické mikroorganismy — imunitni systém” se vyvijel velmi dlouhou
dobu (Garcia et al., 2017).

Od krmné davky k imunitnimu systému

Pfedzaludek prezvykavci je pfizplsoben pro mikrobidlni fermentaci objemového krmiva s vysokym
obsahem vlakniny. Produktem fermentace vlakniny jsou smési tékavych mastnych kyselin, jez se dale
mohou vstiebdvat bachorovym epitelem do téla. Neustaly prisun vldkniny udrzuje mikrobiom bachoru
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v dostate¢ném mnozstvi a spravném zastoupeni. Navic se pomnozené nebo odumielé mikrobidlni
buriky stavaji, po své pasazi do tenkého stfeva, hlavnim zdrojem zasobeni piezvykavce jakozto hostitel-
ského organismu aminokyselinami. Vyznam objemového krmiva je pro prezvykavce tudiz prvorady.

Spravné a vyvazené pH bachoru je zcela zasadni proto, aby mikroorganismy mohly dobfe pracovat
a optimalizovat vyuZiti Zivin, to vse pfi vzajemném bezproblémovém soufZiti s hostujicim organismem.
Vlivem snizovani nebo vykyv(i pH bachoru dochézi k naruseni tohoto vztahu, v trdvicim traktu se zaci-
naji mnozit nékteré druhy bakterii na tkor jinych a vznikd tzv. dysbiéza. Soucasné také dochézi k naru-
deni integrity stén epitell traviciho traktu. Ty se tak stavaji Iépe prostupné pro bakteridlni endotoxiny,
které se v podminkach dysbiézy v travicim traktu vyskytuji v nepfiméfeném mnozstvi. Jakmile endoto-
xiny za¢nou prochdzet sténou traviciho traktu, za¢nou ziskévat pozornost bunék imunitniho systému,
které se aktivuji a navozuji zanétlivou reakci. Tato reakce je zcela spravnym postupem - za standardni
situace by méla vést k vitézstvi nad patogeny, které se snazi dostat do téla. Nad kontinudlnim pfisunem
nevhodnych krmiv se viak zvitézit neda. Imunitni systém tak zlstava ve stavu mirné, ale permanentni
aktivace. A ta si vybird svou dan v podobé energie. Endotoxiny navic postupuji dale do téla, dostavaji se
do krevniho obéhu a pomoci ného do jater a dalSich organl. Tam opét aktivuji imunitni systém, ktery
spousti odpovidajici obrannou odpovéd. Endotoxiny tak zacinaji rozvracet normalni metabolické po-
chody pfisludnych organti (Garcia et al., 2017; Khiaosa-Ard and Zebeli, 2018). To je jedna z pficin, jak
muZe subakutni bachorové aciddza vést ke zhordeni zdravotniho stavu zvifete.

Nevhodnou krmnou davkou se tak mdzeme propracovat napfiklad k problémdm se zanétem skary
paznehtu (tzv. laminitidé), parakeratdze (degeneraci slizni¢nich papil v bachoru, ktera muze vyustit az
k zanétlivym zménam na sliznici) nebo zanétlm dalsich organa (Khiaosa-Ard et Zebeli, 2018). Sub-
akutni bachorova acid6za bude pravdépodobné stat i za tim, Ze zvifata krmena pestfejsSimi krmnymi
davkami mohou mit paradoxné horsi kondici nez zvifata krmenda pouze okusem a senem, jak bylo
zjisténo u bonga horského (Wright et al., 2011). Studie porovnavajici krmné davky a jejich vyZivovou
hodnotu v osmi anglickych zoologickych zahradach vibec pfinesla pozoruhodné vysledky. Jednim
z nich bylo, Ze pfi krmeni okusem, smési vojtéskového a lu¢niho sena a granuldtem mohou mit anti-
lopy bongo perfektni kondici. Zpestfovani krmnych dévek zeleninou nebo ovocem tedy autofi pova-
2uji za zbyte¢né (Wright et al,, 2011).

Vyse zminéna studie také ukazala, Ze krmna dévka pro bonga se mezi rliznymi zahradami lisila a ze
v podstaté neexistuje jednotny koncept, jak tato zvitata krmit. Z této souvislosti vyplyva, Ze slepé prebi-
rani krmnych davek od jinych zoologickych zahrad tedy nemusi viibec piedstavovat optimalni krmnou
déavku. Optimalni krmna davka by méla byt navrhovana specialistou na vyZivu na zakladé znalosti spe-
cifickych potieb daného druhu. Zakladni komponenty krmné davky se stanovuji dle potravy v pfirodé
- navrhovana krmiva by se v rdmci moznosti méla co nejvice podobat strukture a biologické hodnoté
této potravy. Pfi vybéru jednotlivych komponent sledujeme jejich energetickou hodnotu, kvalitu du-
sikatych latek, obsah susiny, mineraInich latek a vitamind. V neposledni fadé sledujeme téz dietetické
a dalsi specifické vlastnosti krmiva, napfiklad kolik obsahuiji vldkniny nebo sekundérnich rostlinnych
metabolitd. Tyto latky se v potravé nachazeji v rlizném mnozZstvi a vyvazena krmnd davka by je méla ob-
sahovat viechny v urcitém poméru. Pokud se krmnd davka v tomto ohledu jakkoliv odlisuje od normy,
mize u zvitat dojit k rGznym metabolickym porucham. Co tedy vime o potravé lost v pfirodé?

Z dlouhodobych ekologicko-nutri¢nich studii vyplyva, Ze v pfirodé tvofi potravu losa predevsim druhy
strom, jako jsou vrba (Salix spp. - predevsim S. cinerea, S. caprea, S. pentandra, S. phylicifolia, S. myrsini-
folia. S. arbusculoides a S. alaxensis), btiza (Betula spp. - pfedevsim B. pubescens, B. pendula, B. papyrifera,
B. glandulosa), jeféb ptaci (Sorbus aucuparia), topol osika (Populus tremula), jalovec obecny (Juniperus
communis), olse Seda (Alnus incana), borovice lesni (Pinus silvestris), jedle balzamova (Abies balsamea)
nebo smrk ztepily (Picea abies). Losi se také Zivi nékterymi druhy kefi a bylin, napfiklad brusnici bo-
ravkou (Vaccinium myrtillus), ostruzinikem malinikem (Rubus idaeus), viesem obecnym (Calluna vul-
garis) nebo vrbovkou tzkolistou (Epilobium angustifolium); Hornberg, (2001); Shipley, (2010); Wam and
Hjeljord, (2010). Vdechny tyto druhy tvofi potravu losa z hlediska celého jeho arealu rozsifeni v Americe
i Eurasii. Pokud se zaméfime na konkrétnéjsi mista, na vétsiné z nich predstavuje potravu losd malé
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Srovnani bachoru okusovact a spasact homogenni
. hmota potravy
Comparing the rumen of browsers and grazers:
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a svalova hmota
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Po rozzvykani tvoii okus malé polygondlni ¢astice, zatimco trava dlouhé vlaknité castice. Bachor okusovacu (nahofe) je
v porovnani s bachorem spasaci (dole ve svétle Sedém poli) mensi. Ma také slabsi pilite s mensi vrstvou svalové hmoty,
to proto, ze nepotiebuje tak silné promichdvat a posouvat potravu. Potrava se v ném nevrstvi jako u spasact, ale vytvari
homogenni viskdzni hmotu. Upraveno dle Clauss et al., (2003).

After chewing, browse forms small, polygonal particles, whereas grass forms long, fibrous particles. A browser’s rumen
(top) is smaller than a grazer's rumen (bottom in light grey box). It also has weaker pillars with a smaller layer of muscle
mass, because it does not need to mix and move the food so strongly. The food does not form layers as it does in

a grazer, instead it forms a homogeneous, viscous mass. Modified from Clauss et al., (2003).

mnozstvi druhd, pficemz nékteré druhy zjevné dominuji, nejcastéji vrba a bfiza v letnim obdobi a bo-
rovice lesni, jedle balzamova nebo smrk ztepily v zimnim obdobi (Graf 4 a 5, Box 1). Los je tedy, co se
jeho potravniho zaméfeni tyce, okusova¢em - fakultativnim? specialistou.

Jednou zmnoha adaptaci okusovact je jejich schopnost zpracovani sekundarnich rostlinnych me-
taboliti (napf. tfislovin) obsazenych v jejich potravé. Tato schopnost je jednak dana vysokou aktivitou
jater a za druhé souvisi s tvorbou bilkovinnych latek ve slinch, které jsou na sebe schopné tyto speci-
fické metabolity navazat do nerozpustnych komplexd. U specialisttl se vSak ocekéva, Ze spektrum vy-
branych konzumovanych tfislovin je relativné tizké - jsou tedy pfizplisobeni pravé tém druhdm, které
jsou soucasti jejich potravy v lokalité jejich vyskytu. | z tohoto hlediska je porovnani losd s ostatnimi
jelenovitymi zajimavé - bilkovinné latky ve slinach jelencl usatych (Odocoileus hemionus), ktefi maji
v pfirodé rdznorodéjsi potravu, dokazi vazat mnohem sirsi spektrum tislovin (Shipley, 2010). Sekun-
dérni rostlinné metabolity jako jsou tfisloviného charakteru: myricetin, salicylaty a terpeny, které jsou
hojné obsazené v nékterych druzich stroma a ket jez losi konzumuiji ve volné pfirodé, jim pravdépo-
dobné také pomahaji v boji proti stievnim parazitiim, patogennim bakteriim, nadymani, stejné jako
cheldty Zeleza (Clauss, 2003).

Povéstna je u losti také konzumace vodnich rostlin. Studie z kanadského Ontaria ukazala, ze vodni
rostliny vyhleddvaji zdejsi losi pfedevsim v obdobi od konce kvétna do poloviny cervence a pfiblizné ve
stejném obdobi vyhledévaji také mineralni lizy (Fraser et al., 1982). Vodni rostliny jsou pro né v tomto
obdobi bohatym zdrojem sodiku, jez mimo jiné napomaha efektivnéjsimu traveni vétsiho objemu
potravy.

vancdm. Pro¢ tomu tak je, Ize [épe pochopit pfi srovnéni se spasaci. Traviny a listi se vyznacuji zdsadnimi
rozdily v chemické a fyzikalni strukture. Vzhledem k rozdilné skladbé pfirozené potravy tedy existuje
znacné mnozstvi anatomickych a fyziologickych rozdilG v travici soustavé a samotném procesu traveni

3 Fakultativni specialisté nejsou tak pFisné vézani na urcitou potravu a pilezitostné mohou pfijimat $iréi spektrum druh. Na-
opak obligatorni specialisté jsou casto téméf vyhradné vézani na urcitou potravu - pfikladem muze byt tieba koala medvid-
kovity, ktery se Zivi témér vyhradné listy blahovi¢niku.
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mezi spasaci Zivicimi se prevazné travou a okusovaci upfednostnujicimi listi strom(. Okusovaci maji
vacl dale nachazime mensi bachor a v ném rovnomeérné rozlozené bachorové papily a tenké bachorové
pilite. Okusovaci maji také knihu s velmi nizkymi retikuldrnimi hiebeny, coz je vysvétlovano jejich nizsi
potfebou reabsorpce vody v tomto organu v porovnani se spasaci (Clauss et al., 2006). VSechny tyto
vlastnosti jsou piredpokladem pro kratsi retencni ¢as priichodu ¢astic krmiva travicim traktem (Clauss
etal, 1998; Clauss and Lechner-Doll, 2001).

V zoologickych zahradach okusovaci nepfijimaji travni seno tak ochotné jako spasaci. V zasadé
k tomu maji dva dlivody. Za prvé, jejich zuby jsou pfizplsobeny k ostipovani listd, jeZ kladou mensi
odpor pro rozmélnéni nez trdva. Za druhé, trdva se v bachoru vrstvi a uklada, coz mize vzhledem k re-
lativné malému bachoru blokovat jeho ¢innost pro spravné traveni okusu. Okus se, na rozdil od travy
v pfedzaludku, takto neusazuje a nevrstvi, rozpada se na ploché polygonélni ¢astice a po prezvykani
tvoii homogenni visk6zni hmotu. Ve vztahu k subakutni acidéze bachoru, ale i dal$im vyzivovym pro-
blémUm, jsou tedy citlivéj$imi zvifaty v zoologickych zahradach pravé okusovaci, nebot jejich zcela
logickd neochota zrat dostate¢né mnozstvi pfedkladaného travniho sena vede k nepoméru v pfijmu
objemovych a koncentrovanych krmiv. Jako jediné a ideaIni se v podminkéch zoologickych zahrad jevi
nerealizovatelné feSeni — vyhradni krmeni dostate¢nym mnozstvim okusu (Shochat et al., 1997). Na-
krmit velké kopytniky pouze okusem je prosté nemozné, jelikoz pozadované mnozstvi ¢asto prevysuje
logistické a financni moznosti vétsiny zoologickych zahrad. Existuje tedy néjaka alternativa?

Dle chemického slozeni i fyzikalni struktury listi a stonkd je pro okusovace vcetné losa vhodnym
kompromisem vojtéskové seno. Hlavnimi strukturdlnimi slozkami rostlinnych vldknitych bunécnych
stén jsou celuléza, hemicelulézy, lignin a kiemicitany. Energie z celulézy a hemiceluldzy je pro zvite do-
stupnd jen diky $tépeni mikrobiomem. Matrix bunécné stény tvoii voda, hemiceluldzy a pektiny. Oproti
travnimu senu obsahuje vojtéska, podobné jako okus, vice pektind a ma i podobny pomér v zastoupeni
ligninu vici celul6ze a hemiceluléze (Tabulka 1). NevyZaduje az tak dlikladné prezvykéni, zajistuje vyssi
rychlost fermentace a ve srovnani s travnim senem také vyssi pfijem energie. Nejlepsi zplisob, jak témto
zvifatlim zajistit vice energie neni poddvat jim Skroby a jednoduché cukry, nybrz podévat jim vidkninu
a pektiny. Taktéz obsah dusikatych latek ve vojtéskovém sené se blizi tomu v okusu, na rozdil od trav-
niho sena. Pokud vezmeme v Gvahu, Ze okusovaci by méli pfijmout 80 % celkové susiny v podobé ob-
jemovych krmiv a koncentrace neutralné detergentni vldkniny (neutral detergent fiber, NDF) v téchto
krmivech by méla byt nad 50 %, Ize pro né za vyhovujici a dostate¢na pro udrzeni zdravého bachoru
a prevenci subakutni bachorové acidézy povazovat pouze krmiva jako je okus, vojtéskové seno nebo
smés vojtéskového sena se susenym okusem a travnim senem (Lintzenich et Ward, 1997; NRC 2001).
| tak ale mohou nastat chvile, kdy losi potravu pfilis nepfijimaji.

Los je pfi svém areadlu rozsiteni vystaven velkym sezonnim zménam podnebi a dostupnosti po-
travy. V letnim obdobi ma kolem sebe dostatek potravy, v zimé se vsak musi vypofadat s jejim nedo-
statkem a zaroven s nizkymi teplotami. K tomu mu dopomaha cela fada morfologickych i fyziologic-
kych adaptaci. Z téch morfologickych si pozornost rozhodné zaslouzi slinné Zlazy - v [été jsou tézsi
nez v zimé (Hofmann et Nygrén, 1992a). O obrovském vyznamu zdravé fungujiciho bachoru jiz byla
fec - i ten viak u losa podléhd sezonnim zménam. Studium bachorové stény 25 los(i zastielenych ve
Svédsku a Finsku ukazalo, Ze jeji sliznice ma diky svym ¢etnym papilam, které ji pokryvaji, mnohona-
sobné vétsi absorpcni povrch nez tieba sliznice doméciho skotu. A to i v zimé, kdy se zmen3uje asi
0 50 %! Pocet papil, jejich vyska i $itka — to vie se na zimu snizi a zmensi (Hofmann et Nygrén, 1992b).
Reinhold Hofman a Kaarlo Nygren do své studie zahrnuli i sedm los(i ze tfi zoologickych zahrad a zjis-
tili, Ze absorpcni povrch sliznice bachoru téchto lost byl 0 31 % mensi nez absorpéni povrch 25 losh
zvolné pfirody. Také pocet papil byl nizsi, pfesné o 24 % (Hofmann et Nygrén, 1992b).

kdy maji celoro¢né dostupné stejné mnozstvi stejné vyzivného krmeni (Schwartz et al., 1984). Dvanact
los(i z aljasského vyzkumného centra pomohlo v téchto experimentech odhalit, jakym zpGsobem losi
pfijimaji potravu v prabéhu roku. Tito losi méli nejvétsi prijem potravy v priibéhu ¢ervna, ervence
a srpna, v obdobi fije jej vyrazné snizili a nizky pfijem vykazovali také koncem zimy (od tnora do dubna,

44



Graf 6). Ochota pfijimat potravu se samoziejmé odrazela v jejich télesné hmotnosti. Samci méli nej-
nizs$i hmotnost béhem fije, samice v dobé kolem porod(i. Lehky pokles télesné hmotnosti byl u obou
pohlavi zaznamenan také koncem zimy.

Los se v pribéhu podzimu musi pfipravit i na vyrazny pokles teplot. Zacina Setfit télesnym teplem,
snazi se zabranit jeho Uniku a udrZovat co nejmensi vykyvy télesné teploty. Toho Ize docilit napfiklad
snizenim poctu nadechd, které jsou vsak hlubsi (Kochan, 2001). Los postupné snizuje intenzitu svého
metabolismu. Veskeré tyto sezonnizmény jsou podle fotoperiody (délky dne), okolni teploty a dostup-
nosti potravy v pfirodé fizeny hormonélné (P6s6, 2005).

Nelze vyloucit, Ze los evropsky patfi k druhtim, kterym se v lidské péci nedafi a nikdy dafit nebude. Losi
jsou chovatelskou vyzvou nejen z hlediska krmeni - ale maji také urcité naroky na prostor, a vzhledem
k tomu, Ze jsou samotari, hiife snasi pobyt ve vybéhu spolecné s pfisludniky svého druhu. Pokud ale
shrneme nase poznatky o problematice vyZivy a porovndme je s krmnymi ddvkami a zpGsoby krmeni
losti v zoologickych zahradach (Serakova, 2012; Serékova, 2014; Celakovska, 2018), Ize navrhnout né-
kolik doporuceni, kterd by mohla pomoci predejit nékterym ¢astym problémam.

Prioritou by mélo byt zajisténi dostate¢ného mnozstvi okusu. Vybér jednotlivych nabizenych druhi
by mél co nejpresnéji odpovidat a co nejvice podpofit pfirozené potravni chovani volné Zijicich lost
(viz kapitola Okusovac se specializaci). Méli bychom upfednostnit oblibené druhy, oblibenost se viak
maze v prabéhu roku ménit. Dobfe naplanovana logistika krmeni okusem musi byt soucasti kazdého
chovu losa evropského. Okus mUize byt doplnén o vojtéskové seno nebo smés vojtéskového sena a trav-
niho sena. BEhem zimniho obdobi je vhodné zkrmovat oblibené jehli¢nany, okus nasuseny a vétve
i bez listi. Konzervace okusu silazovanim je dalsi mozny zptisob, jak navysit jeho podil v zimnim ob-
dobi (Hatt and Clauss, 2001).

Je tfeba vzit v vahu, Ze losi jsou zvifata fyziologicky adaptovana k zasadnim metabolickym zménam
v prdbéhu roku. Krmna davka by tedy méla vykazovat sezonnost a podpofit svym slozenim anabolicky
metabolismus a rist v obdobi kvétna az fijna, a naopak katabolicky metabolismus v obdobi listopadu
az dubna. Z nutri¢niho hlediska by tato sezonnost pfirozeného vybéru potravy losa odpovidala potiebé
pro zéchovu organismu s obsahem dusikatych latek 6-8 % v susiné krmiva (Schwartz et al., 1987), ale
naopak az 25 % dusikatych latek v susiné pro reprodukci a rlst (shrnuto v Dryden, 2011). Pokud v zimé
pro nedostatek okusu navic pfi pfilepSovani sahneme po granuldtu nebo mrkvi, riskujeme vznik me-
tabolickych problémd.

Naprosto klicové je vazenim nabizeného a zbylého krmiva presné stanovit mnozstvi objemového
krmiva, které losi pfijimaji - to by mélo tvofit minimalné 60 % krmné davky. Seno, které lezi nedotéeno
tfi dny v jeslich nelze v Zzadném pripadé povazovat za krmeni objemem ad libitum. Pfi soucasném zkr-
movani granulatd, zeleniny a ovoce mUize vznikat velky nepomér mezi pfijmem objemovych a kon-
centrovanych krmiv vedouci ke vzniku subakutni bachorové acidézy.

Granulované krmivo by mélo byt vnimano pouze jako doplikové, pomoci néhoz jsou zvifatlim
podavany ddlezité vitaminy a mineraly. Jejich obsahem Ize také regulovat sezonnost kvality potravy.
Mélo by byt vyrobeno z vhodnych surovin, napf. na bazi listové nebo vojtéskové drté, v zadném pfi-
padé z obilovin. Listova nebo vojtéskova drt zarucuje dalsi ptisun vidkniny. Granulaty by mély obsa-
hovat vhodny doporuceny premix vitamind a minerald pro konkrétni druh zvitete, napfiklad dosta-
te¢né mnozstvi sodiku, odpovidajici mnozstvi médi, zinku, Zeleza a selenu, vapnik, fosfor a hoicik ve
spravném poméru atd. Granulovand krmiva musi byt krmena restriktivné, alespon dvakrat nebo tfikrat
denné v mensich davkach. Neméla by byt podavana, pokud zvifata pied tim neméla moznost pfijimat
objemové krmivo.

Dllezité je zcela eliminovat podavéni jednoduchych, rychle zkvasitelnych cukri ve formé ovoce
a nékterych druhi zeleniny (nejcastéji jablek a mrkve). Vzhledem ke sloZeni potravy lost v pfirodé
neni takové zpestiovani jidelnicku nutné a télu losa v zasadé nic pozitivniho nepfinasi. Naopak, po-
méha v bachoru vytvaret prostiedi, které zatéZuje jeho télo a v disledku ¢ehoz vlastné ani nedokdze
poradné vyuzit Ziviny z jakéhokoliv krmiva. Rozmanitost koncentrovanych krmiv, zeleniny a ovoce
navic vede u zvifat ke zvysenému prebirani. Vrozena schopnost prezvykavcd vybrat si nutricné vyva-
zené krmivo byva Casto prekondana, pokud jsou konfrontovani velkym mnozstvim koncentratt a rdiz-
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Travy - Grasses Bobovité - Legumes Okus - Browse
Rozpustné cukry - Soluble sugars 5-15 2-16 5-15
Skroby - Starches 1-5 1-7
Pektiny - Pectins 1-2 5-10 1-12
Hemiceluldza - Hemicelluloses 15-40 3-10 8-12
Celuldza- Cellulose 20-40 7-35 12-30

Tabulka 1. Zastoupeni sacharid(i uvedené v procentech v susiné u trav, bobovitych (resp. vojtésky) a okusu.
Prevzato z EAZA Giraffe EEPs, (2006).

Table 1. Percentage of carbohydrates in dry matter in grasses, legumes (alfalfa) and browse.

Taken from EAZA Giraffe EEPs, (2006).
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Graf 2. Nejvyssi mortalita v dlisledku syndromu chfadnuti byla u lost chovanych v evropskych zoologickych zahradach
zaznamenana do prvniho roku Zivota, poté kulminovala kolem sedmého roku Zivota. Podle Clauss et al., (2002).

Chart 2. The highest mortality due to wasting syndrome complex was recorded in moose kept in European zoos within
the first year of life, it then peaked around the seventh year of life. From Clauss et al., (2002).
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Graf 3. Ukdzka denniho kolisani pH bachoru u laktujicich krav Holstynského skotu, u kterych vétsinu krmné déavky tvo-
filo objemové krmivo (¢ernd linie) nebo koncentrované krmivo v podobé granuldtu na bézi obilovin (¢ervena linie). Pre-
chodny pokles pH k hodnoté 5,5 oznacujeme jako subakutni bachorovou acidézu. IdeédIni pH bachorového prostredi
pro celulolytické mikroorganismy je 6,2 - 6,8. Jakmile poklesne hodnota pH pod 6, aktivita téchto mikroorganismt
klesd, jejich pocet se snizuje a jejich enzymy navic ztraceji u¢innost (Kudrna a Polédkovd, 2006). Podle Mao et al., (2013).
Chart 3. Demonstration of daily rumen pH fluctuation in lactating cows of Holstein cattle, in which most of the diet was
roughage (black line) or concentrated diet in the form of a cereal-based pellets (red line). A transient decrease in pH

to 5,5 is called subacute ruminal acidosis. The ideal rumen pH for cellulolytic microorganisms is 6,2 - 6,8. When the pH
drops below 6, the activity of these microorganisms decreases, their number decreases and, moreover, their enzymes
lose efficiency (Kudrna a Polakova, 2006). From Mao et al., (2013).
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Graf 4. Zastoupeni riznych druhd strom(i v celoro¢ni potravé losti ve Svédsku (A) a v severnim Svédsku (B) jak ukazala
data z let 1969-1972. Vyzkumy zamérené na potravni chovani lost ukazuji, ze zastoupeni jednotlivych druhl stromd

v potravé se mezi rlznymi oblastmi maze lisit (Graf 5). Graf podle Hornberg, (2001).

Chart 4. The proportion of different tree species in year-round diet of moose in Sweden (A) and northern Sweden (B) as
shown by data from 1969-1972. Studies on the feeding behaviour of mose show that the proportion of individual tree
species in the diet may vary between regions (Chart 5). Chart from Hornberg, (2001).
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Graf 5. Zastoupeni riiznych druht strom0 v potravé lost z jizniho Norska v [été (A) a v zimé (B). V zimé losi konzumo-
vali v porovndni s Iétem viditelné méné bfizu, vice viak jefab, a navic také borovici. V jinych oblastech mohou nékteré

z téchto stromu (nap. jefab) tvofit méné podstatnou ¢ast potravy (Graf 4). Graf podle Wam et Hjeljord, (2010).

Chart 5. Proportion of different tree species in moose diet from southern Norway in summer (A) and winter (B). In
winter, moose consumed visibly less birch, compared to summer, but more rowan and also pine. In other areas, some of
these trees (e.g. rowan) may make up a less substantial part of the diet (Chart 4). Chart from Wam et Hjeljord, (2010).
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Graf 6. Prijem potravy u losi nemusi byt celorocné stejny, nejvyssi je od cervna do srpna. U samctl (Cerné) dochazi k vy-
raznému snizeni pfijmu potravy v obdobi fije, u samic (Cervené) zase kolem porodli mladat. Sezonnost v pijmu potravy
se u lost odrazi v mnoha fyziologickych a morfologickych adaptacich. Podle Schwartz et al., (1984).

Chart 6. The food intake for moose is not necessarily the same throughout the year, the highest is from June to August.
In males (black) there is a significant decrease in food intake during the rutting season, in females (red) it is around

birth. Seasonality in the moose’s food intake is reflected in many physiological and morphological adaptations. From
Schwartz et al., (1984).
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tfenovych zub a stolicek maji tzv. brachyodontni typ zubU, zatimco spasaci maji tzv. hypsodontni typ zub( (s vyssimi
korunkami). To je dano ¢astecné tim, Ze v pfirozené potravé spasacl se nachazi vétsi mnozstvi kiemicitan(i s abrazivnim
Ucinkem. Do jisté miry také spasaci spolu s potravou prijimaji vétsi mnozstvi dalsich abrazivnich ¢astic, napfiklad jem-
nych zrnek pisku. Fotografie nahote znazornuje stav chrupu horni Celisti mladého a dospélého losa v zoo. Na spodni
fotografii jsou molary a premolary dospélého volné Zijiciho losa. K opotiebeni v pfirodé dochazi vlivem véku, aviak

v lidské péci navic nevhodnou potravou obsahujici kiemicitany (travni seno).

The teeth of mammals are very diverse and their structure is closely related to the type of food ingested. Browsers with
lower crowns on their premolars and molars have brachydont type teeth, whilst grazers have hypsodont type teeth.
This is due, in part, to the fact that the natural diet of grazers contains far more abrasive silicates. To some extent, it is
also because grazers ingest more abrasive particles, such as fine grains of sand, along with their food. The above photo
shows the state of the upper jaw teeth of a young, adult moose that died at a zoo. The bottom photo shows the molars
and premolars of an adult wild moose. In nature the wear is due to age, but in captivity it is also due to inappropriate
food containing silicates (grass hay). Foto /Photo by Roman Vodicka (nahore) a Tomasz Kamirski (dole)
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Akutné uhynuly samec losa evropského, Spatna kondice, z predzaludki vytékalo vétsi mnozstvi bachorové tekutiny

- zvife se snazilo kompenzovat acidézu zvysenym pfijmem vody

Acute male moose death, poor condition, most ruminal fluid leaked from the forestomachs - animal tried to com-
pensate the acidosis by increased water intake Foto/Photo by Roman Vodicka

Celkovy pohled na orgény dutiny bfisni losiho samce - organy jsou bez zasobniho tuku, obraz Spatné kondice
Overall view of the organs of the abdominal cavity of a male moose - the organs have no fatty deposits, one of typical
signs of poor condition Foto/Photo by Roman Vodicka
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Hnisavy zanét spojivky u losi samice, jeden z projevi klostridiové infekce
Purulent conjunctivitis in a female moose, one of the symptoms of a Clostridium sp. infection
Foto/Photo by Roman Vodicka

Pohled na gastrointestindlni trakt losi samice, na prvni
pohled je vidét krvavy zanét tenkého a slepého streva

A view of the gastrointestinal tract of a moose female;
evident is a haemorrhagic inflammation of the small in-
testine and caecum Foto/Photo by Roman Vodi¢ka

Prekrveni bachorovych papil - jeden ze symptom aci-
dozy

Hyperemia of the rumen papillae - one of the symptoms
of acidosis Foto/Photo by Roman Vodicka
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Pohled na obsah predzaludkd a slezu - vyrazny kontrast
postizeného slezu (krvavé hlenovity obsah) oproti relativné
normalni naplni bachoru a ¢epce (vlh¢ena drcena vldknina
svétle zelené barvy)

A view of the contents of the forestomachs and the abo-
masum - a marked contrast in the affected abomasum (he-
morrhagic mucous content) compared

to the relatively normal content of the rumen and reticulum
(moist, ground fibre, light green in colour)

Foto/Photo by Roman Vodicka

Masivni akutni difuzni hemoragicky zanét sliznice slezu
(edém, teckovité krvaceniny, drobné ulcerace a jizvy) -
samec losa, klostrididza

Massive acute, diffuse, haemorrhagic inflammation of the
mucous membrane of the abomasum (oedema, ecchymotic
haemorrhages, minor ulcerations and scars) - male moose,
clostridiosis Foto/Photo by Roman Vodicka



Viyrazny akutni hemoragicky zanét tenkych strev, Sliznice slepého stieva - drobné krvaceniny, infekce

v lumen zkalena krvava tekutina - klostridiova infekce Clostridium sp.
Marked acute, haemorrhagic inflammation of the small Coecum - small haemorrhages, Clostridium sp. infection
intestine, blood in the lumen - Clostridium sp. infection Foto/Photo by Roman Vodicka

Foto/Photo by Roman Vodicka

Srdce losiho samce - ztrata zdsobniho tuku na epikardu ~ Myokard srdce - cyandéza a degenerace, histologicky - vy-

The heart of a male moose - loss of fatty deposits on the  razné akutni krvéceni a ojedinélé sarkocysty v myokardu

epicardium Foto/Photo by Roman Voditka ~ Myocardium - cyanosis and degeneration, histologically -
marked acute haemorrhages and sporadic sarcocysts in the
myocardium Foto/Photo by Roman Vodicka

g ¥
Rez ledvinou - parenchymatézni degenerace kiry, histo- '-%. e B i b
logicky — masivni krvaceni v tubulech na rozhrani kiirya | e W
diené a ve dreni ledviny - infekce Clostridium perfringens PR, -, 3 N
Kidney - parenchymatous degeneration of cortex, histo- | & ’?‘_i g By
logically - massive haemorrhaging in the tubules at the S B
interface between the cortex and the medulla and inthe  Detail vajicka tenkohlavce Trichuris sp.
renal medulla - infection by Clostridium perfringens Detail of whipworm egg Trichuris sp.
Foto/Photo by Roman Vodicka Foto/Photo by Roman Vodicka

51



nych druh plodu. Situaci Ize pfirovnat k malému ditéti, jez si ma vybrat mezi oblozenym celozrnnym
chlebem na jedné strané a ¢okolddou a jinymi cukrovinkami na strané druhé. Omezenim podéavéni do-
plfikovych krmiv jako jsou granuldty na bézi obilovin, zelenina a ovoce proto mizeme dokonce docilit
zvy$eného zdjmu o zadouci pfijem objemovych krmiv (Clauss et al., 2013). Jestlize mdme pfeci jen po-
tfebu krmnou davku lostim zpesttit, je lepsi zvolit listovou zeleninu s vyssim obsahem vidkniny, napt.
kaderavek, fimsky salat, dubovy saldt nebo mangold.

| kdyz se to muze zdat samoziejmé, chtéli bychom klast dliraz na to, Ze jakékoliv zmény v krmeni
prezvykavcl musi probihat pozvolna a postupné. Mikroorganismy v bachoru se musi nové dieté pfi-
zpUsobit a kvli rychlejsi fermentaci se musi zvysit pocet bachorovych papil. Tyto Upravy vyzaduji
14-21 dni v zavislosti na mife zmén v krmeni. Kromé toho si i zvifata potfebuji zvyknout na nové chuté,
proto by jakdkolivzména méla trvat minimalné 14 dni. Pfisné vyvarovat se musime zménadm granulatu
ze dne na den, dopady mohou byt fatélni. Co se tyce vétsiho mnozstvi pice, bachor musi postupné
zveétsit svdj objem.

Box 1. Potrava losu v prirodé v Polsku

Potravou losa a dalsich vybranych druh jelenovitych se momentalné intenzivné zabyva francouz-
sko-polsky tym badateld. Pomoci molekuldrnich metod zaloZenych na analyze DNA ve vzorcich
trusu sebranych na riznych lokalitach v Polsku se snazi odhalit, jaké druhy rostlin tvofi potravu
téchto kopytnik( v pfirodé. Predbézné vysledky studie provadéné v Biebrzanském narodnim parku
potvrzuiji, Ze v porovnani se sympatricky se vyskytujicimi srnci nebo jeleny jsou losi mnohem vétsi
specialisté, jejichz potravu tvofi jen omezené mnozstvi druhd rostlinstva. V zimé se zjisténa druhova
bohatost potravy lost pohybovala kolem deseti druhd, zatimco u srnce to bylo dvakrat a u jelena
dokonce tfikrat tolik druhd. Polsti losi déle potvrzuji, Ze traviny tvofi u volné Zijicich populaci jen
zanedbatelnou ¢ést potravy (méné nez 1 %). Nejvyznamnéjsim druhem okusu se pro polské losy
zda byt vrba (Salix sp.), ktera je v jejich potravé zastoupena v priibéhu celého roku. Jeji konzumace
vrcholi v fijnu, kdy tvofi az 60 % pfijaté potravy, v zimnim obdobi je pak konzumovéna mnohem
méné. Od listopadu do biezna totiz tvofi az 80 % pfijaté potravy jehlicnany, pfedevsim borovice
lesni (40-75 %), jalovec obecny (az 15 %) a smrk ztepily (aZ 6 %). Rizné druhy bylin (napf. zastupci
rodu brusnice) jsou az z 25 % soucésti potravy pfiblizné od dubna do prosince, pficemz jejich
pfijem vrcholi v srpnu a je prakticky nulovy v fijnu (Ratkiewicz et al., nepublikované vysledky).

Dékujeme Barbore DobiaSové za pfipominky a komentére k prvni verzi manuskriptu. Za pomoc déku-
jeme také Miroslawu Ratkiewiczovi z Univezity v Bélostoku, ktery ndm poskytnul cenné informace k po-
travé volné Zijicich lost v Polsku a poskytl komentare k prvni verzi manuskriptu. Dékujeme také Martiné
Maresové, ktera poskytla fotografie lost z volné pfirody, Rafalu Kowalczykovi a Tomaszovi Kamiriskému,
ktefi poskytli fotografie chrupu lost umisténych v Mammaliologickém institutu v Bélovézi.
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Objemova krmiva jsou pro vyzivu losli naprosto zasadni, ne vzdy je vsak v zoologickych zahradach k dispozici dostatec-
né mnozstvi okusu. Vhodnou alternativou je vojtéskové seno, pripadné smés vojtéskového a travniho sena.

Forage based diets are of essential importance for moose nutrition. The amount of browse in zoos can be limited. Alfal-
fa hay or a mixture of alfalfa and grass hay can be recommended as an alternative. Foto/Photo by Roman Vodicka
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Keeping and breeding moose (Alces alces) in human care is highly problematic. Although moose can live
for 16-20 years in the wild, up to 70% of moose in human care die within the first year of life and 90% die
by the age of 6 (Shochat et al., 1997). This problem is attributed to several factors, one of the mostimpor-
tant is the inability to satisfy this animal’s high demands on diet. Other frequently mentioned problems are
susceptibility to malignant catarrhal fever, little ability to tolerate high temperatures, a tendency towards
a solitary way of life and susceptibility to parasitic infections (Shochat et al., 1997; Clauss et al., 2002).

Prague Zoo has also experienced the sudden death of relatively young animals in the past, which led
to an effort to solve this situation. In 2018 Celakovska summarized the results of a questionnaire about
nutrition of the mooses from 22 European zoos. In order to ascertain the current knowledge about the
causes of moose death in zoos, we conducted a detailed review of the literature. The aim of this article is
to share this knowledge and revive the debate on whether it is possible to prevent the death of relatively
young moose in zoos and, if so, how. There is a detailed focus on the issue of nutrition and many of the
findings and recommendations here may be useful when feeding other ruminant species.

The causes of moose death in European zoos were discussed in more detail in 2002 by a team of authors
who had had the opportunity to assess the age and causes of death in 250 individuals from 19 European
zoos (Clauss et al., 2002). The highest recorded age was 16 years, however as few as 1.5 % of births managed
to live to this age. As concerns deaths, 12.4 % of them were premature and stillborn young. The highest
mortality for live births was recorded within one year of life. The mortality rate did not decrease with age,
instead it peaked around the 6th year. If only the causes of mortality in individuals over three months are
taken into account, almost half of the cases concerned wasting syndrome complex’ (Chart 1).

Taking a more detailed look at solely deaths as a result of wasting syndrome complex, the moose
most often succumbed to it around 6-8 years (Chart 2). This supports the assumption that it is essenti-
ally a gradually escalating impairment of the gastrointestinal tract, which, at a certain age, exceeds the
animal’s ability to cope with it and the animal dies (Shochat et al., 1997). The affected moose showed in-
flammation of the digestive tract and visibly wasted away. Endoparasites (primarily Trichuris spp.) were
recorded for half of these animals and one of them had bacterial infections (primarily Clostridium spp.);
see photos on pages 49-51.

Wasting syndrome complex hides a complex of problems including nonspecific intestinal inflammation,
chronic diarrhoea and loss of physical condition, often with the joint influence of infectious agents of
parasitic and bacterial origin (Shochat et al., 1997). So far, the causes of this syndrome are much debated
and there has been some disagreement between European and North American zoos about the role of
grazing (Clauss et al., 2002). Although grasses make up less than two percent of the moose’s diet in the
wild (see Specialized browser), in zoos they are quite willing to graze, and some zoos report having had
trouble keeping them whilst they were kept in grassy enclosures (Shochat et al., 1997). While in North
America it was thought that grass consumption alone was responsible for the wasting syndrome complex,
in Europe, experts tended to think that moose were more easily infected with intestinal parasites through
grazing (Shochat et al., 1997). Being browsers?, which mostly roam solitarily over large areas, moose are
probably not particularly well equipped evolutionarily against endoparasites.

However, the list of suspects in the case of “wasting syndrome complex” does not end with grazing.
Currently, the problem of subacute ruminal acidosis is mentioned relatively frequently in the scientific
literature on ruminant nutrition.

' This affliction should not be confused with chronic wasting disease, which is a disease caused by a prion protein and has
been proven in cervids both in the wild and in human care.

2Browsers feed mainly on leaves, the annual shoots of trees and shrubs and broadleaf dicotyledon herbs, while grazers mainly
or exclusively feed on grasses. Transitional types of herbivores or intermediate feeders feed on both to a significant extent.
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Subacute ruminal acidosis (SARA) was first described in 1970 in domestic cattle (Dirksen, 1970). It con-
cerns a temporary decrease in the rumen pH of ruminants (Chart 3). This undesirable pH drop occurs due
to insufficient roughage intake and, in contrast, an increased intake of concentrated food items contai-
ning simple, fast-fermenting sugars. The cause of this problem in the agricultural industry is an effort to
increase production as much as possible. Instead of roughage in the form of hay, the animals are fed with
concentrated food items in the form of pellets based on grains, the aim of which is to ensure the highest
yield. Unfortunately, this also results in the need to sometime slaughter the animals at six years of age
for health reasons, animals that would normally have lived up to 20 years (Khiaosa-Ard et Zebeli, 2018).
However, SARA does not concern cattle alone. As early as 1978, it was attributed to the rise of digestive
problems in several ruminant species kept in zoos, namely musk ox, Pére David's deer and giraffe (Elze
et al, 1978). It was later shown that it was also involved in the problem of hoof overgrowth, the animals
concerned in this case were the Himalayan tahr and the blackbuck (Zenker et al., 2009).

SARA in zoos is the result of inappropriate diet, such as fruits, some vegetables and pellets based on
grain. Fruits and many vegetables grown for human consumption (e.g. apples, bananas and carrots) con-
tain high levels of very quickly fermentable simple sugars. Their fermentation is described as explosive
(Oftendal et al., 1996). SARA can also be caused by excessive and inappropriate feed with pellets, especi-
ally those based on grain (Schilcher et al., 2013; Tahas et al., 2018). An example of inappropriate feeding
is giving them pellets in the morning to move and separate the animals for cleaning. If animals receive
large quantities of concentrated pellets without having access to roughage beforehand, the pellets can
cause similar problems in the rumen as food items with a high content of simple sugars.

How can SARA, which often cannot be observed in the ruminant concerned, lead to its health pro-
blems and, in extreme cases, to its death? First, the digestive tract represents one of the most important
connections between the individual’s body and the outside world. Its task is not only to absorb nutrients,
butit also plays a major role in the body’s defence and immunity systems. Second, there is a huge number
of microorganisms in the rumen of ruminants. These help to digest cellulose, which is a very complex
process. Their presence is tolerated by the immune system, and this fragile relationship of the “symbiotic
microorganisms - immune system” has developed over a very long time (Garcia et al., 2017).

The rumen has been adapted for the microbial fermentation of roughage. This fermentation results in
a mixture of volatile fatty acids which can then be absorbed by the rumen epithelium into the body.
A constant supply of roughage keeps the rumen microbiome at sufficient numbers and right compo-
sition. In addition, microbial cells that have reproduced or died pass into the small intestine and are
a major source of the amino acids supplied to the ruminant as the host organism. Therefore, roughage is
of paramount importance to ruminants.

It is essential that the rumen pH is correct and balanced so that microorganisms can work well and
optimize nutrient utilization, all whilst harmoniously coexisting with the host organism. With decreases
or fluctuations in rumen pH this relationship is disturbed and some types of bacteria in the digestive tract
begin to multiply at the expense of others giving rise to dysbiosis. At the same time, the integrity of the
digestive tract’s epithelial walls is impaired. They then become more permeable to bacterial endotoxins,
which occur in excessive amounts during dysbiosis in the gastrointestinal tract. As soon as the endotoxins
pass through the gastrointestinal wall, they begin to attract the attention of immune system cells that
activate and induce an inflammatory response. This response is perfectly correct- under normal condi-
tions it means pathogens that are trying to enter the body are overcome. However, it is not possible to
overcome the continuous supply of inappropriate food items.

Thus, the immune system remains in a state of mild but permanent activation. This takes costs in the
form of energy. In addition, endotoxins pass further into the body, into the bloodstream and through it
into the liver and other organs. There they reactivate the immune system, which triggers a corresponding
defence response. Thus, the endotoxins begin to disrupt the normal metabolic processes of the organs
in question (Garcia et al., 2017; Khiaosa-Ard and Zebeli, 2018). This is one of the ways by which SARA can
lead to a deterioration in the animal’s health.
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Thus inappropriate diet can be translated, for instance, into problems with inflammation of the hoof
dermis (laminitis), ruminal parakeratosis (degeneration of the mucosal papillae in the rumen, which can
lead to inflammatory changes in the mucosa) or inflammation of other organs (Khiaosa-Ardet Zebeli,
2018). SARA is also likely to be behind the fact that animals fed more varied diets may, paradoxically, be
in worse condition than animals fed only with browse and hay, as found in the eastern bongo (Wright
etal, 2011). A study comparing diets and their nutritional value in eight UK zoos brought remarkable
results. One of them was that bongo antelopes can be in perfect condition when fed with browse, a mix
of alfalfa and meadow hay and pellets. Thus, the authors consider it unnecessary to diversify diets with
vegetables or fruit (Wright et al,, 2011).

The above-mentioned study also showed that the diets for bongos varied between different zoos and
that there was virtually no uniform concept of how to feed these animals. It follows that blindly adopting
diets from other zoos does not necessarily constitute the best option. The optimal diet should be desi-
gned by a nutritionist based on knowledge of the specific needs of the species. The basic components
of the diet are determined according to the diet in the wild - the proposed items should be as similar as
possible to the structure and biological value of the wild diet. When selecting individual components, it
is necessary to monitor their energy value, the quality of nitrogenous substances and the amount of dry
matter, minerals and vitamins. Last but not least, it is also necessary to monitor the dietetic and other spe-
cific properties of the feed, for instance how much fibre or secondary plant metabolites it contains. These
substances are present in the diet in varying amounts and a balanced diet in human care should contain
all of them in a set proportion. If, in this respect, the diet differs in any way from the norm, the animals
may be at risk of various metabolic disorders. So, what is known about the moose’s diet in the wild?

Long-term ecological-nutritional studies have shown that in the wild the moose’s diet is predominantly
made up of tree species such as willow (Salix spp. - primarily S. cinerea, S. caprea, S. pentandra, S. phylici-
folia, S. myrsinifolia, S. arbusculoides and S. alaxensis), birch (Betula spp. - especially B. pubescens, B. pendula,
B. papyrifera, B. glandulosa), rowan (Sorbus aucuparia), European aspen (Populus tremula), common juniper
(Juniperus communis), grey alder (Alnus incana), Scots pine (Pinus silvestris), balsam fir (Abies balsamea) or
Norway spruce (Picea abies). Moose also feed on some species of shrubs and herbs, such as the common
bilberry (Vaccinium myrtillus), red raspberry (Rubus idaeus), heather (Calluna vulgaris), or rosebay willow
herb (Epilobium angustifolium); Hornberg, (2001); Shipley, (2010); Wam and Hjeljord, (2010).

All these species make up the diet of the moose in terms of its overall range in America and Eurasia.
Looking at more specific sites, then in most of them the moose s diet constitutes a small number of spe-
cies, with some clearly dominating, most often willow and birch in summer and Scots pine, balsam fir
or Norway spruce in winter (Graphs 4 and 5, Box 1). Thus, as concerns its diet, the moose is a browser
- afacultative® specialist.

One of the many adaptations browsers have is their ability to process the secondary plant metabo-
lites (e.g., tannins) contained in their diet. This ability is due, firstly, to the high activity of their liver and,
secondly, to the production of proteinaceous substances in the saliva that are able to bind these specific
metabolites into insoluble complexes. However, it can be expected that the spectrum of tannins that spe-
cialists consume is relatively narrow - i.e., they are tailored to those species that are part of their diet in
the places where they occur. In this respect, it is interesting to compare moose with other cervids - the
protein substances in the saliva of the mule deer (Odocoileus hemionus), which have a more diverse diet
in the wild, can bind a much wider spectrum of tannins (Shipley, 2010).

Secondary plant metabolites that have a tannic nature, i.e. myricetin, salicylates and terpenes, which
are abundant in some species of trees and shrubs that the moose consume in the wild, are also likely
to help them against intestinal parasites, pathogenic bacteria, bloat, as well as helping them form iron
chelates (Clauss, 2003).

3 Facultative specialists are not so strictly tied to a specific food items and can occasionally accept a wider spectrum of species.
In contrast, obligatory specialists are often almost exclusively tied to a certain food item - for example, the koala, which feeds
almost exclusively on eucalypt leaves.
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Moose are also famous for their consumption of aquatic plants. A study from Ontario, Canada, showed
that the local moose mainly search for aquatic plants in late May to mid-July, and they also seek out mi-
neral licks in the same period (Fraser et al., 1982). At this time of year, the aquatic plants are a rich source
of sodium for them. Sodium helps them digest large amounts of food more efficiently.

In general, browsers, including moose, are some of the more demanding and sensitive mammals at
a zoo. Comparing them to grazers gives a better understanding of why this is so. Grasses and leaves are
distinguished by fundamental differences in their chemical and physical structure. With regard to the
different make up of their natural diet, there are a large number of anatomical and physiological diffe-
rences in the digestive system and in the actual process of digestion between grazers, predominantly
living on grasses, and browsers, favouring tree leaves. For example, browsers have lower crowns on the
premolars and molars compared to grazers (Kaiser et al., 2009). Browsers also have a smaller rumen and
evenly distributed rumen papillae and thin rumen pillars. Browsers also have an omasum with very low
reticular ridges, which is explained by their lower need for water reabsorption in this organ as compared
to grazers (Clauss et al., 2006). All of these properties are a prerequisite for a shorter retention time for
feed particles through the digestive tract (Clauss et al., 1998; Clauss and Lechner-Doll, 2001).

In zoos, browsers do not eat grass hay as readily as grazers. There are basically two reasons for this.
First, their teeth are adapted to nibble leaves that put up less resistance to grinding than grass. Secondly,
grass becomes layered and stratified in the rumen, which, due to the relatively small rumen, can block its
activity for proper digestion. Browse, unlike grass, does not settle or layer in the rumen in this way, instead
it disintegrates into flat polygonal particles and forms a homogeneous viscous mass after cud-chewing.
In relation to SARA, but also other nutritional problems, browsers are the more sensitive animals in zoos
due to their quite logical unwillingness to eat sufficient quantities of roughage offered, which leads to a
disproportion in the intake of roughage and concentrates. The only and ideal solution in zoos seems to
be an unrealistic one - only feeding with sufficient amounts of browse (Shochat et al., 1997). It is simply
impossible to feed large ungulates with browse alone, as the amount required often exceeds the logis-
tical and financial possibilities of most zoos. So, is there an alternative?

Going by the chemical composition and physical structure of leaves and stems, alfalfa hay is a good
compromise for browsers, including moose. The main structural components of plant fibre cell walls are
cellulose, hemicelluloses, lignin and silicates. The energy in cellulose and hemicellulose is only available
to the animal if it is broken down by the microbiome. The cell wall matrix is made up of water, hemicellu-
loses and pectins. Compared to grass hay, alfalfa, like browse, contains more pectins and has a similar
ratio of lignin to cellulose and hemicellulose (Table 1). It does not require such thorough chewing, it ens-
ures a higher rate of fermentation and also a higher energy intake compared to grass hay. The best way
to provide these animals with more energy is not to give them starches and simple sugars, but to give
them fibre and pectins.

Likewise, the amount of nitrogenous substances in alfalfa hay is similar to that in browse, unlike grass
hay. Taking into account that browsers should ingest 80 % of the total dry matter in the form of roughage
and the concentration of neutral detergent fibre (NDF) in these items should be above 50 %, then only
feed such as browse, alfalfa or a mixture of alfalfa with dried browse and hay can be considered satisfac-
tory and sufficient for maintaining a healthy rumen and preventing SARA (Lintzenich et Ward, 1997; NR-
C2001). Even so, there may be times when the moose do not want to feed anyway.

Due to its range, the moose is exposed to large changes in the seasonal climate and plant species availa-
bility. In summer it has enough plants around it, but in winter it has to cope with a lack of feed as well as
with low temperatures. It is helped in this by a number of morphological and physiological adaptations.
Of the morphological aspects, the salivary glands deserve attention - they are heavier in summer than
in winter (Hofmann et Nygrén, 1992a).
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Lokalita s vyskytem lost v cervenci (Norsko, pobliz mésta Kopperl). Borovice (Pinus sp.) je oblibenou potravou lost, na
mnoha mistech v potravé dominuje predevsim v zimé.

Location where moose are found in Norway, near Kopperl, in July. Pine (Pinus sp. is a popular elk food, but in many
places it dominates the diet mainIy in winter. Foto/Photo by Martina Maresova

Losi mohou mit dokonce i trojcata, jak doklada snimek samice v ¢ervenci pobliz Svédského mésta Kalix
Mooses can even have triplets like this female pictured in July near the Swedish city of Kalix
Foto/Photo by Martina MareSové
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The huge importance of a healthy rumen has already been mentioned - but it too is subject to seasonal
changes in the moose. A study of the rumen wall of 25 moose shot in Sweden and Finland showed that,
due to the numerous papillae that cover it, its mucous membranes have a much greater absorption sur-
face than is the case in domestic cattle. Even in winter, when it shrinks by about 50 %! The number, height
and width of the papillae are all reduced and decreased in winter (Hofmann et Nygrén, 1992b). Reinhold
Hofman and Kaarlo Nygren also included seven moose from three zoos in their study and found that the
absorption surface of the mucous membranes in these moose’' rumen was 31 % smaller than that of the
25 wild moose. Also, the number of papillae was lower, by 24 % (Hofmann et Nygrén, 1992b).

Interestingly, experiments have shown that moose stop feeding even when they have the same
amount of equally nutritious items available throughout the year (Schwartz et al., 1984). Twelve moose
from the Alaska Moose Elk Research Center helped in these experiments to uncover how moose eat du-
ring the year. These moose had the highest food intake during June, July and August, they significantly
reduced it during the rutting season and also showed low intake at the end of winter (February to April,
Chart 6). Naturally, the willingness to eat was reflected in their body mass. Males had the lowest mass
during rutting, females around the time of birth. A slight decrease in body mass was also observed at
the end of winter in both sexes.

Over the autumn the moose must be prepared for a significant drop in temperatures. It begins to
conserve body heat, trying to prevent it from escaping and keeping body temperature fluctuations as
low as possible. This can be achieved, for example, by reducing the number of breaths, which are deeper
(Kochan, 2001). The moose gradually lowers the intensity of its metabolism. All these seasonal changes
are hormone-controlled depending on the photoperiod (day length), ambient temperature and food
availability in the wild (Pds6, 2005).

It cannot be ruled out that the moose belongs to those species that do not do well in captivity and will
never do well. Moose are a challenge for breeding, not just from the point of view of nutrition - but also
due to their spatial needs and, given that they are solitary, they are less tolerant of staying in an enclosure
with members of their own species. However, summarizing the current findings on the issue of nutrition
and comparing them with diets and feeding in zoos (Serékova, 2012; Serakova, 2014; Celakovska, 2018),
several recommendations can be suggested that could help to prevent some frequent problems.

A priority should be to ensure sufficient browse. The selection of the individual species on offer should
correspond as close as possible and support as much as possible the natural dietary behaviour of wild
moose (see Specialized browser). Favourite species should be prioritised; however, this fondness may
change over the course of the year. Well planned logistics for feeding with browse must be part of all
moose breeding. The browse can be supplemented with alfalfa hay or a mixture of alfalfa hay and grass
hay. During the winter season it is advisable to feed them with preferred conifers, dried browse and bran-
ches even without leaves. Preserving browse by silage is another possible way to increase its percentage
in winter (Hatt and Clauss, 2001).

It should be taken into account that moose are animals that are physiologically adapted to funda-
mental metabolic changes during the year. The diet should therefore be seasonal and its make up should
support anabolic metabolism and growth between May and October, and, in contrast, catabolic metabo-
lism between November and April. From a nutritional point of view, this seasonality of the moose’s natural
selectivity would correspond to the need of a nitrogen content of 6-8 % in the dry matter of the feed for
maintaining the organism (Schwartz et al.,, 1987), but, in contrast, up to 25 % nitrogen in the dry matter
for reproduction and growth (summarized in Dryden, 2011). If, there is a lack of browse in the winter, rea-
ching for the pellets or carrots to improve the diet risks the rise of metabolic problems.

Itis absolutely crucial to precisely weigh the amount of feed that the moose receives by weighing the
amount offered and that remaining - this should be at least 60 % of the diet. In no way can hay lying in-
tact for three days in a manger be considered ad libitum feeding. If they are fed pellets, vegetables and
fruit at the same time, there may be a large imbalance between the intake of roughage and concentrated
feeds leading to SARA.

Pellets should only be seen as a supplement so that the animals receive important vitamins and mi-
nerals. The pellet’s content can also regulate the seasonality of feed quality. It should be made from sui-
table raw materials, e.g. on the basis of ground leaves or alfalfa, but in no way should it be based on grain.
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Ground leaves or alfalfa ensure an extra supply of fibre. The pellets should contain a suitable, recom-
mended premix of vitamins and minerals for the particular animal species, for example sufficient sodium,
the corresponding amounts of copper, zing, iron and selenium, calcium, phosphorus and magnesium in
the correct proportions, etc. Pellets should be restricted to smaller doses about two or three times a day.
It should not be given unless the animals have previously had the opportunity to eat roughage.

Itis important to completely eliminate simple, quick-fermentable sugars from the diet, in the form of
fruits and some vegetables (mostly apples and carrots). Considering the composition of moose food in
the wild, such a variegation of the diet is not necessary and, in essence, it brings no benefit to the moo-
se's organism. On the contrary, it helps to create an environment in the rumen that burdens its organism
and, as a result, the moose actually fails to properly utilize nutrients from any feed item. In addition, the
diversity of concentrated feeds, vegetables and fruit leads to increased fussiness in the animals.

The innate ability of ruminants to choose a nutritionally balanced diet is often repressed when con-
fronted with a large number of concentrates and various kinds of fruits. The situation can be compared
to a small child who has to choose between a whole grain bread sandwich on one side and chocolate
and other sweets on the other. Therefore, by reducing the use of supplementary feeds such as grain-
-based pellets, vegetables and fruit, it is even possible to achieve increased interest in the desirable in-
take of browse and roughage (Clauss et al., 2013). If it is still necessary to diversify the diet for moose, it
is better to choose leafy vegetables with a higher fibre content, such as kale, romaine lettuce, oak-leaf
lettuce or chard.

Although this may seem self-evident, it must be emphasized that any changes in feeding ruminants
must be slow and gradual. The rumen microorganisms have to adapt to the new diet and, due to the more
rapid fermentation, the rumen papillae must be increased. These adjustments require 14-21 days, depen-
ding on the rate of change in feeding. Apart from this, the animals also need to get used to the new tastes,
so any change should take at least 14 days. Strictly avoid suddenly changing the pellets, the effects can
be fatal. As concerns a greater amount of fodder, the rumen must gradually increase in volume.

Box 1. Diet of free-ranging moose in Poland

The diet of moose and other selected deer species is currently being investigated in detail by
a French-Polish team of researchers. Using molecular methods based on DNA metabarcoding ap-
proach from faecal samples collected at different locations in Poland, it is endeavouring to discover
what plant species make up the main food items of these ungulates in the wild. Preliminary results
of a study conducted in the Biebrza National Park, NE Poland confirm that, in comparison to sym-
patrically occurring roe or red deer, moose are far greater specialists whose diet is made up of just
a limited number of plant species. In winter, the species richness of the moose diet was around ten
species, whereas in roe deer it was twice this value and in red deer even three times more. Diet ana-
lysis of moose in Poland further confirm that grasses in wild populations account for only a negli-
gible proportion of the diet (less than 1 %) as they are strict browsers. The most important browse
species for Polish moose seems to be willow (Salix spp.), which is found in their diet throughout the
whole year. Its consumption peaks in October, when it accounts for up to 60 % of the food intake,
whilst in winter it is consumed far less. From November to March, up to 80 % of food intake con-
sists of conifers, mainly Scots pine (40-75 %), common juniper (up to 15 %) and Norway spruce (up
to 6 %). Various herbs (e.g., bilberry species and others) make up to 25 % of the food from roughly
April to December, peaking in August and dropping to practically zero in October (Ratkiewicz et al.,
unpublished results).
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