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1.UvoD

Motto:
.Nez mizeme pirode porow’et, musime ji poslouchat.”
Francis Bacon

Ochrana frody a zachovani biodiverzity je vyznamnym nasmoj k udrZzeni
ekologické rovnovahy na Zemi. Zachrana jednotlivyatuhi, jakoZzto i celych
spole&enstev a ekosysténje dilezitd nejen z environmentéalniho hlediska, ale také
pro rozvoj lidské spoflmosti, kterd byla od nepain s jednotlivymi ekosystémy
spjata.

Druhow rozmanité africké savany jsou zdrojem obZzivy @Ajnpi pro mistni
obyvatele. Kromi ptimého uzitku, jako je n&pziskavani potravy, &évych rostlin a
dieva, maji v dnesni débznanou ekonomickou hodnotu i jako turistické cile.
Degradace a ztrata biodiverzity savan by tedy mafitadalekoséahlé isledky pro
Zivot v nich. Nadmrné vyuzivani firodnich zdraj savany nize vyznama ovlivnit
vSechny slozky celého ekosystému, a ohrozit tak Ehbilitu a fungovani. Jedin
vhodrg zvolenym managementerfizenim) a adekvatnim vyuzivanigchto oblasti,
CO se typu i intenzity @, lze zajistit zachovani rovnovahy a udrzitelnogiZiti
savanovych ekosystém

Ke stanoveni optimélniho managementu savan mohakén&rpiispst vyzkumné
prace zdchto oblasti, &jiz zantifené na studium vegetace & ¢i jejich interakci.
Zvlase vyznamné mohou byt ekologické a behavioralni statirozenych druh Za
prispéni vyzkumu je mozné pochopit fungovani jednotlivysloZzek ekosystému,
jejich funkce a vzajemné vztahy, jakoztofigny a disledky degradace. Vhodnou
formou a na vhodnych mistech prezentované vysledighou byt nasledn
pievedeny do praxe. Snadna dostupnost a vSeobecmdnstelnost vysledk je
nesmirg dalezita pra¢ v takovych oblastech, jako jsou africké savanginketak se
zvySi pravdpodobnost, Ze nové&sto zasadni poznatky budotjakym zpisobem

reflektovany v praxi.



2.CILE PRACE

Cil prace

Celkovym cilem této dizertai prace bylo objasnit vztahy meziedinami a velkymi
byloZravci v ekosystému zapadoafrické savanyiaépt nové poznatky tykajici se
managementu savanovych ekosysténjeho vlivu na jednotlivé slozky ekosystému,

s ohledem na jejich vzajemné interakce.

Dil¢i cile, vyzkumné otazky a pedpoklady
|. Stanovit vliv managementu naeginy sub-humidniho savanového ekosystému v

Narodnim parku Delta du Saloum, Senegal.

o LiSi se druhové bohatstvi, diverzita a denzit@voh v zavislosti na
managementu?
» Na uUzemi vystaveném vlivdlovéka a jeho aktivit je nizSi druhové

bohatstvi, diverzita a denzitéaeyin oproti chragnym dzemim.

[I. Stanovit vliv grikrmovani na (potravni) chovani antilop Derbyhiagrotragus
derbianus derbianyss podminkach oborového chovu v rezervaci Fattigdaegal.

o Jaky vliv ma pikrm nutricné bohatymi lusky na denni aktivity a na
potravni chovani antilop Derbyho?

» Jsou-li antilopy Derbyhotjkrmovany nutréné bohatymi lusky, travi kratsi
dobu gijmem potravy a delSi dobu odfiiokem nez v fipadech bezifkrmu.

[ll. Stanovit vliv kvality potravnich zdrbéjna potravni preference a mechanismus
selekce potravy antilop Derbyho v podminkach obéhav chovu v rezervaci
Fathala.

o Ma kvalita biomasy vliv na vy potravy antilopami Derbyho?

o Jaké je nuttini sloZzeni druth antilopou Derbyho nejvice a nejntén
okusovanych?

> Antilopy Derbyho si vybiraji potravu s vysokym abem dusikatych latek

a fosforu a nizkym obsahem vlakniny.



IV. Zhodnotit vliv osoby &tace (skErace) na spolehlivostéstani hromadek trusu
jakozto metody pro stanovenigmnosti antilop v podminkach zapadoafrické savany

v obdobi sucha v Narodnim parku Niokolo Koba, Saheg

o Existuje rozdil v p&u nalezenych hromadek trusu antilop mezi
jednotlivymi ita¢i s ohledem na jejich pohlavi, vddni a zkuSenosti?

> iti s prirodowdnym vzalanim a sitaci s predchozimi zkuSenostmi se
itanim trusu naleznou vysSi g hromadek trusu neZéigdi jiného
vzklani a sitaci bez zkuSenosti. Pohlavicilte na pdet nalezenych

hroméadek trusu nema vliv.

Prakticky p Finos
Vysledky této dizer@éni prace maji pinést poznatky, které usnadni rozhodovani

managei (spravé) savanovych oblasti a ochrdndivoké z\&ie.

Z praktického hlediska jsou cile dizemé prace nasledujici:

I. Prinést poznatky o vlivu managementu na vegetacibviaumidni sava# jelikoz
dosavadni vyzkumy probihaly témvyhradré v podminkach aridnich a semi-
aridnich. Ziskat znalosti o tom, do jaké miry onmézidskeé ¢innosti ¢i regulace
pocetnosti zére miZe ovlivnit regeneraci savanové vegetace tak, abyswji
skladbou piblizila ptirodnim podminkam a mohla dlouhodobyt vyuZivana jak
mistnimi obyvateli, tak jovodni z\&fi. OWwfit, zda vysSi denzita (divoké) &e ma na

vegetaci obdobny vliv jako lidskdnnost.

[I. Prinést poznatky o moznosti vyuzitfikrmovani divokych zviat, g'edevsim &ch
v podminkach zachovnych chovZiskat informace o vlivu ffkrmu na chovani
zvitat, jeho pozitivnich aspektech &pgadnych rizikach. Posoudit, jakou roliiée
hrat gikrmovani (i fizeni chow (kriticky ohroZenych) divokych ziat v lidske péi
a [ip. i v pripack reintroduknich progran.

[ll. Prinést poznatky o tom, do jaké miry owiyje (nutréni) sloZeni vegetace
potravni chovani zvat (antilop Derbyho). Stanovit potravni prefereraetilop

Derbyho a poskytnout tak manafyer populace v lidské @é informace, které



mohou byt vyuZity pro zaji8hi optimalnich podminek v zachranném chovuiia p

~ s s

vybéru optimélniho mista pro rozéni zachranného chovudokonce reintrodukci.

IV. Owtit spolehlivost &itani trusu jako metody pro stanoveni vyskytu &eposti
zviiat, jez je zakladem pro zasadni rozhodnuti madaggjen chragnych oblasti a
ochrdné divoké zwte. Zhodnotit moznost zapojeni dassb dat nekvalifikovanych
pracovniki bez gisluSného vzélani ¢i predchozich zkuSenosti, a tim éav
piistupnost a snadnou vyuzitelnost této metody magagepracovniky narodnich

parkii, rezervaci a dalSich oblasti v podminkach afrgzéany.



3.LITERARNI RESERSE

SAVANY

Savany se rozkladaji v oblastech mezi tropickynstiagmi lesy a pousii (Ker,
1995). Pokryvaji zhruba Sestinu zemského povrchiad& et al., 2006). TvD
polovinu Uzemi Afriky, Austrélie, Jizni Ameriky atiplizné 10% Gzemi tropické
Asie (Skarpe, 1991). Pod vlivem odliSnych podmiselstruktura savan jednotlivych
kontinenti do ukité miry liSi, avSak obeenje pro tyto ekosystémy typicky souvisly
travinny porost s nesouvisle vyskytujicimi sgewinami (Skarpe, 1991; Scholes,
1997; Ludwig et al., 2008).

NejrozlehlejSi Uzemi savan se rozprostira na afnckkontinentu, kde tyto
ekosystémy pokryvaji 15,1 miliankm? (Grace et al., 2006).flizné¢ 2,7 milionu
km? zaujiméa savana zvana miombo (Frost, 1996). Tutealdou oblast tahnouci se
od Angoly, ges Malawi, Zambii az do Zimbabwe pokryva stromoavama
s vysokostébelnatymi trdvami, v niZz dominujitedny rodu Brachystegia
Julbernardia a Isoberlinia V susSich oblastech s chudymidami, nazyvanych
mopane, dominuj€olophospermum mopare deviny roduAcacia Na sever od
KonzZské panve se savany rozprostiraji v Sirokém pésSenegalu na zagadz po
zapadni Sudan na vychod/ tomto pasu jsou od severu na jih rozliSovémygdny
dle typu savany: sahelska, sudanskd a guinejskbelské z6na, na severu
ohrantena pousti Sahara, je velmi sucha se srazkovyne@h®0 — 400 mm za rok
(le Houérou, 1989). Hustobydlena sudanska zona je amapoznenéna lidskou
¢innosti. Dominantou sahelské i sudanské zony jsauny roduAcacia V sahelské
oblasti se vSak vyskytuji pamné tfidce a nedosahuji velké vysky. V guinejské
oblasti deviny dofstaji vysky 12 — 15 m. Jsou to hapdruhy Anogeissus
leiocarpus Burkea africanalsoberliniaspp.,Lophira lenceolataa Terminaliaspp.
Mezi travami dominuji rodyAndropogon Hyparrhenia ¢i Pennisetum(Osborne,
2000).

Pro africké savany jsou typické sezénni klimatizkény. Horké obdobi de&g je
sttidano obvykle delSim miénchladrgjSim obdobim sucha. Nagctginé Uzemi
africkych savan k této z&né dochazi jen jednouéhem roku, pouze v rovnikové
oblasti vychodni Afriky se pod vlivem monzunovéhmdpebi vystida obdobi de%

s obdobim sucha dvakréat za rok (Scholes & Walk@®4?. Obdobi sucha, které trva

3 az 7 misial, je zakladnim limitujicim faktorem praist rostlin. Nekteré stromy
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v tomto obdobi shazuji listy, aby nové vyraSitikalik tydni pred z&atkem obdobi
ded'd, kdy je vihkost fgdy minimalni a teploty vzduchu extrégysoké. Diky této
adaptaci jsou stromy schopny glnyuzit hned prvni srazky na fatku obdobi
dedd. Kveteni a tvorba semen u strdmastava viiznou dobu v zavislosti na druhu.
Nékteré druhy kvetou na patku obdobi de$, jiné uprosted a jiné na konci. V
piipads trav a bylin v obdobi sucha odumiraji nadzemnéoyg U viceletych druh
se z nadzemni biomasy tovrstva chranici jdu pred vysychanim. Vegetai
obdobi trav spadad do obdobi tieSNa z&atku obdobi sucha se #fosemena,

nadzemni biomasa nasledimsycha (Osborne, 2000).

Hlavni determinanty savan

Odlisna struktura a funkce savany fianych uzemich je dana rozdily ve sraZzkovych
pomeérech, kvalit pady, omovém rezimu a zastoupeni herbiv@gEkarpe, 1992). Na
africkém kontinentu jsou totpdevSim oh& a velci bylozZravci, kié zasadwn
ovliviuji savanové ekosystémy (Osborne, 2000).

Ohné

Ohrg jsou charakteristickym fenoménem africkych saviarekvence firozenych
ohnu je mizna, jednou za rok ve ulch savanach az jednou za deset let a vice
v extréemré suchych oblastech (Scholes & Walker, 2004), kdeaaiptimérné srazky
umoziuji produkci dostatmého mnoZstvi spalitelné biomasy. Ani éehito
piipadech vSak okmedosahuji velké intenzity. V extréghmlhkych savanach je zas
potteba dlouhého obdobi sucha, které umozni vysuSemidsy. Frozené oha,
vznikajici them bouek, nejsou filis ¢asté v porovnani gmi, které zakladaji lide,
piedevsim v obdobi sucha (Skarpe, 1992). iOhesavag se niize Sfit na velké
vzdalenosti rychlosti az 5 — 10 m za minutu. Narplou zeng se teplota snadno
vySplha az k 600 °C. Takovychto hodnot ¢itém mist vSak teplota dosahuje jen
na velmi kratkou dobu. Pod povrchem zefe teplota nesrovnateinnizsi, coz
umoziuje preziti podzemnicktasti rostlin i ve chvilich, kdy nadzemni biomasa je
zni¢ena oh#im. Rada savanovych dratrostlin je na vypalovani adaptovana. Stromy
a kae maji silnou, dote izolujici kiru a mohou kliit z podzemnich orgdin Koruny
stromi jsou W&tSinou ged spalenim chr&ny svou polohou nad Urovni planiea
mélo nahlodenym fKistem jednotlivych strofy ktery znemoduje preskok ohg

Z jednoho jedince na druhého (Osborne, 2000). Triéeyé po vypaleni ki, jsou
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schopné pokgaovat v fistu pouze v Ppack brzkého pichodu de& Po vypaleni v
obdobi sucha nové vyhonky v nedostatku vody vadnou nebo jsou spaseny
herbivory. Nasledna regenerace iz neni moznavedl nedostatku Zivin tic.
Dochazi-li k takovéto situactasto, mohou byt oRnpiicinou vegetanich zngn

v savag, kdy jsou vytrvalé druhy trav nahrazeny efemerndmihy (Skarpe, 1992)
¢i obecré druhy neadaptované na vypalovani jsou nahrazenlyydse schopnosti
vyrovnat se s ohim. Cetnost okt uriuje, kolik dasu na regeneraci rostlina ngam
pomalejSi regenerace rostliny¢itlého druhu aim casgjsi vyskyt ohg, tim vyssi
pravdpodobnost, Ze dany druh bude nahrazen, a dojdekedyné ve struktie
vegetace. \i¢i ohni tolerantni druhy, které se mnoZzi vegetatj\iegeneruji rychleji
nez druhy mnozici se pouze semeny (Osborne, 2000).

Ohai je lidmi hojre vyuzivan viadkk savanovych oblasti. Vypalovanif giz
pravidelnéci jednorazové, je pouzivano rfafx obno¥ pastevnich porost zdareni

¢i dokonce ochrah vesnic ped divokymi zviaty, zejm. hady (Osborne, 2000).
Navic oh&, jakozZto girozena sotést savan a jeden z fakiioovliviujicich druhové
sloZeni a strukturu savan, bylnbyt také sotasti managementu chedgnych Uzemi.
Absence oh& by v rekterych oblastech mohla @gobit gemenu savanového
ekosystému v uzagny lesni porost (Bond et al., 2003). AvSak abyokei stal
acinnym nastrojem managementehto Uzemi, je nutné definovat optimalnioky
rezim. Ten vSak neni univerzélpouzitelny (Bond & Archibald, 2003), a proto je
nezbytné stanovit frekvenci, intenzitu a obdobialgpani pro kazdé Uzemi zviasa
z&klad mistnich podminek.

Velci bylozravci

Africké savany vynikaji obrovskou druhovou diveazit ZivaiSnych druld,
piedevsim velkych bylozraudScholes & Walker, 2004; Treydte et al., 2005aW®r
velci byloZravci, ktd vyznamnou rérou ovliviiuji vegetaci a jeji strukturu (Asner et
al., 2009), pat mezi hlavni regulatory prastdi africkych savanovych ekosystiem
(Laws, 1970). V tomto ohledu jsou zadivy druh povazovani sloni, kiezvlase
pii vySSich hustotach jedidgoremenuji lesnaté savany na savanypWté ¢i dievin
prosté (Cumming et al., 1997). Krénokusovani a lamaniéwi sloni poSkozuji
stromy loupanim &y a vyvracenim strotn(Hiscocks, 1999). Navic negativni vliv
slomi na deviny savan ize byt znasoben za spotigpbeni oh#é ¢i mrazu (Holdo,

2007). Sloni svym jsobenim naruSuji rovhovahu mezi travinamiiavihami ve
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prosgch travin (Trollope et al., 1998; van de Koppé& Prins, 1998).

S intenzivgjSim ristem travin narstq travni biomasa, ktera spolu s olamanymi
vétvemi a vyvracenymi stromy jefiginou ¢asgjSich a intenzivgSich ohhi. Také
mraz mize hrat vyznamnou roli (Childes & Walker, 1987)ré&ty stroni narusené
slony se stavaji zranitedj$i a citlivejSi vaci pasobeni jak oh& tak mrazu (Holdo,
2006).

Krome sloni mohou fisobit velké ztraty na porosteckettin v savanach i dalsi velci
bylozZravci, jako nap Zirafy, nosoroZzci dvourozi @zné druhy antilop (Dublin et al.,
1990; Ruessk Halter, 1990; Bond& Loffell, 2001). Tito a dalSi velci byloZravi
okusova&i vyznamre ovliviiuji semenéky a mladé stromy i@vin. Okusem a
poSlapanim poskozeni mladi jedinci hynou rovidopozdji vlivem ohre, jelikoz
nejsou schopni dést v plrgé vzrostlé jedince &i ohni odolné (McNaughton et al.,
1988). Okus velkymi byloZravci zvySuje citlivostedin i va¢i dalSim abiotickym
faktorim. Nagiklad kombinace okusu a nizkych srazekisgqbuje znéné ztraty na
stromovych porostech savan (Birk&ttStevens-Wood, 2005).

Zatimco na teviny savan fisobi fredevSim okusows spole&enstva travin ovlisuji
zas zejména spésaTi spasanim hdi pfimo ovliviiuji druhové sloZeni travin (OI&
Ritchie, 1998) nebo né&pmo udrzovanim nizkého porostu limituji vyskyt,
rozSkovani a intenzitu ai, a tim strukturu a stabilitu vegétdho pokryvu. Mezi
nejvyznamgjSi spasé&e v tomto ohledu p#tnag. nosoroZci tuponosi (Waldram et
al., 2008), hrosi (Verweij et al., 2006), ale tggakore (McNaughton, 1984).

Velci byloZravci vSak na vegetaci savals@bi i pozitive. Zvlasg velky vyznam
maji zviata pro rostliny zévodu Sfeni jejich semen a pldd(zoochorie). Nktera
semena maji na svém povrchizma gichytna zézeni (héky, ostny) nebo jsou
lepkava, a mohou byt tedygnasena nale zvirete (epizoochorie). Jina semena jsou
pozena a po gichodu travicim traktem jsouiéha spolu s trusem (endozoochorie).
Nékteré druhy rostlin nemaji pro tentotigob Fenosu semena ugobena a i
praichodu travicim traktem mohou byt #Zaena. AvSak profadu druli je
endozoochorie nesmifndilezitd jak z dvodu Steni semen, tak zigodu casto
nezastupitelného vlivu na jejich &ini (Chapman et al., 1992; Traveset et al., 2007).
Navic endozoochorie zvySuje prapddobnost feZiti semenéka, jelikoZ ty mohou

v pcateni fazi ristu cerpat Ziviny z vykal, se kterymi jsou vyloteny z Ela
bylozravd (Miller, 1996). Péichod travicim traktem velkych bylozZzravemize
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omezit zaméeni semen $idci, a podptt tak jejich nasledné Kieni a peziti
(Miller, 1994; Or& Ward, 2003). Na Zivotaschopnost send&igpozitivrne pasobi
velci byloZravci také népmo tim, Ze potléuji vyskyt malych byloZzravc a hmyzu
(Goheen et al., 2004), jejichz vliv na sem&yamize byt fatalni.

Ac¢ velci bylozravci svou pastvou a okusem odebirgkasystému velké mnozstvi
Zivin, zna&né mnoZstvi do & zase vraci defekaci a urinaci. V mistech #guani
velkych herbivoi tak vznikaji na Ziviny bohaté plochy, které motoyt pro rostliny

rychlym zdrojem Zivin (McNaughton et al., 1988).

Antipreda’ni strategie rostlin

Aby rostliny dokazaly odolavat tlaku ze strany [@ykovai, vyvinuly se u nich d¥
z&kladni strategie. Strategie tolerance ufmgg rostlindm kompenzovat ztraty
zpiusobené bylozravci zrychleninistu. AvSak tato schopnost kompetizido fistu,
kterou maji pedevsim traviny, ale igkteré deviny, je limitovana uitymi faktory,
jako je nap. dostupnost Zivin (Chapin & McNaughton, 1989),tdtek viahy, sezéna
¢i intenzita herbivorie (Oba et al., 2000).

Strategie avoidance, vyhnuti se herbivorii, zatentiizné obranné mechanismy.
Mezi ty zakladni p&t mechanicka a chemicka obrana. Do mechanicke plvoatlin
pati cela Skala nastrdj znegijemiujicich konzumaci rostliny¢i slouzicich
k zastraSeni (potencialniho) konzumenta, jehoépiaa Fipadré zabiti. Mechanicka
obrana zahrnuje naptvorbu trichond, tvrdych skéapek plod ¢i riznych latek, jako
pryskyic a vosKi, pokryvajicich epidermis rostlin. V obranproti velkym
bylozravéim vyznamnou roli hraji trny a jim podobné utvaryofer & Owen-
Smith, 1986; Gowda, 1996). U trav se zas mohouémgtsilikaty (McNaughton et
al., 1985), kterésobi jako abraziva a omilaji zuby byloZrav&o zn&né omezuje
spektrum herbivar, ktefi jsou schopni tyto travy spasat (SchotesValker, 2004).
Chemické obrana je realizovanyma predhictvim latek, které maji vliv na
chutnost, stravitelnosti toxicitu rostlin. \EtSina tchto latek pai mezi sekundarni
metabolity rostlin. Jsou to naprazné alkaloidy, terpenoidy a fenolické latky. Na
z&kladt cinného mnoZstvi maji tyto latky kvalitativaii kvantitativni povahu. Latky
kvalitativni povahy jsou toxické i v malém mnoZzstpioto je jejich obsah v rostin
relativre nizky (mér nez 2% susiny). Tyto latky obvykle naruSuji metamous

zvirete. Latky kvantitativni povahy jsou obsazeny \lno& ve wWtSi mie (5 — 40%
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susiny). Bi konzumaci ¥tSiho mnozstviéchto latek dochazi ke snizeni stravitelnosti
potravy, a tedy nizSimugpmu zivin.

Obranné mechanismy Ize obéazcElit na konstitutivni a indukované. Préstky
konstitutivni obrany jsou iftomny po cely Zivot rostliny, zatimco indukovang s
tvori ¢i jsou aktivovany na zaklgdoodretu, po aktualnim fisobeni herbivora,t’giz
jde o produkci chemickych latek fyziologické a morfologické zémy (Karban&
Myers, 1989). R napadeni rostliny zejm. byloZzravym hmyzentiza dochazet k
tvorbé chemickych obrannych latek, kterédbyostihuji gimo herbivora¢i maji
schopnost fildkat jeho girozené nefatele (Paré & Tumlinson, 1999; Arimura et al.,
2005). Odezvou na okugavin velkymi byloZravci zas fize byt fist delSich tra
(Young & Okello, 1998). Specifickym druhem obranyeg herbivorem je
mutualisticky vztah rostliny s jinym Ziéechem. Nap. agresivni mravenci rodu
Crematogasterzijici symbioticky na stromeck\cacia drepanolobiunbrani tyto
stromy ged okusem mladych ziraf (Madden & Young, 1992).tRosna oplatku za
obranu svym symbiofitm nabizi Gtéist¢ a stravu (Young et al., 1997).

Vliv rostlin na byloZravce

Velci bylozravci vyznam@ovliviiuji vegetaci savan, zaravesak rostliny fisobi na
byloZravce a jejich chovani. Traviny, byliny gediny savan jakoZto potravni zdroje
herbivoi maji vliv nejen na jejichust, geeZzivani a rozmnoZovani, ale také na jejich
rozmiseni v krajirg, kdy nerovnomirné zastoupeni potravnich zdrpjzpisobuje
nerovnondrné rozmisini jejich konzumerit. Krome¢ abiotickych faktoifi, jako nap.
vzdalenost k vodnimu zdroji, je to peakvalita a kvantita dostupnych potravnich
zdroji, ktera ovlivauje rozsteni herbivoi v krajiné (Bailey et al., 1996). Stejrtak
sezonni zrény dostupnosti a kvality rostlin jsou jednou ¢ migratnich pohyli

mnoha druf velkych bylozravé (Fryxell & Sinclair, 1988).

Lidé

V oblastech savan existuji od pradavna kultury espdjs pastvou skotu. V mnoha
ohledech jsou tyto kultury kolébkou dnesni civiiea(Skarpe, 2000). Savany tedy
nebyly a nejsou formovany pouze faktory predt, jako jsou srazky, kvalitaigy,
ohre ¢i herbivorie, ale také lidmi a jejickinnosti. Avsak v dsledku neustaléhdistu
diive obyvany a uZzivany pouze divokou¢tly Osidlovanim a vyuzivanimgédhto
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oblasti nuta dochazi ke zené pavodniho prosedi a environmentalnich podminek,
coZz miZe vést jak ke zeme¢ struktury a dynamiky vegetace (Higgins et al., 9)9%ak

I chovani fivodni divoké zére a jejich stav (Svedarsky, 2008). S niestajicim
tlakem na africké savany se tak zvysuje i rizijichedegradace (Skarpe, 1990; Fynn
& O’Connor, 2000).

Vliv lidi na vegetaci

V mnoha oblastech Afriky jsou v posledni datasto rozsahla izemi savan mycena,
klucena a vypalovana, aby mohla byt nastediyuzZita k @stovani plodingi
vyuzivana pro pastvu dobytka. Jinde jsou zakladiyti farmy a farmy s divokou
zvéii nebo savany slouzi jako zdrofeta a mimotkvnich lesnich produkt Na
jingch mistech naopak vznikaji vicéi mérg chrartna Uzemi. VyuZivani a
obhospod&vani africkych savan je tedyané, jakoZzto i jeho intenzita, a tim i vliv
na strukturu a fungovani savanového ekosystémhicasiezek.

Spasani porostje jednim z nejvyznan@Bich faktofi ovliviujici strukturu savanové
vegetace (Skarpe, 1991). Intenzivni pastigenzapicinit redukci chutnych druh
travin a bylin za satasného roz#éni mér chutnych drufi a drevin (O’Connor &
Pickett, 1992; Cingolani et al., 2005). Dlouhodobmadnérnou pastvou dobytka
dochéazi k redukci nadzemni i podzemni biomasy tfdam se zvySuje dostupnost
Zivin, zejména vody, pro invaznfaliny, a sniZuje séetnost a intenzita dii (van
Langevelde et al., 2003; Smit, 2004). To vede kstani savanymito druhy devin

s nizkou chutnosti pro byloZzravce (Jeltsch et &997; Roques et al., 2001).
RozSfovani devin a zaiistani travnatych ekosysténnvaznimi druhy je v dnesni
doke hojre rozStenym a vaznym problémemiadé oblasti Afriky (Moleele et al.,
2002; Coetzee et al., 2008; Yusuf et al., 2011).

Na druhou stranu prawieviny jsou zvlast citlivé na nevhodné obhospddaani,
jehoz vliv se niZe silréji projevit za spolufisobeni nefiznivych abiotickych
podminek. Nap intenzivni okus v kombinaci s nizkymi srazkamiize vést k
znanym ztratdm na porostechfedin (Prins & van der Jeugd, 1993; Birkett &
Steven-Wood, 2005). Interakce okusu a vypalovarézuje klteni devin, coz ma
negativni vliv na jejich porosty (Eckhardt et &000; Holdo et al., 2009). Tuto
interakci je proto mozné vyuzit k patkni zafstani savan invaznimi druhyevin
(Augustine & McNaughton, 2004; Schutz et al., 201@kus dobytkem sniZuje

pravdpodobnost feziti semengki, zpomaluje ist jak semenka (Tsegaye et al.,
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2009), tak i pl& vzrostlych jedingd (Tsegaye et al.,, 2010), redukuje jejich
Zivotaschopnost (Dhillion & Gustad, 2004) a dengifloumi et al., 2010). &ba
dieva, & jiz pro kometni ely ¢i pro potebu mistnich obyvatel, postihuje strukturu
vegetace, snizuje druhovou diverzitu a zvySuje atibut ©Zenych drubi
(Shackleton, 1993; Lykke, 1998; Goudie, 2006; Luagaal., 2004)imz mize
prispét k trvalému odlesini (Ribot, 1999). Tzba deva v kombinaci sigpasanim
muze dokonce veést k dezertifikaci savanovych oblégtieng & Eltahir, 1997,
Mortimore & Turner, 2005; Ozer et al., 2010). Tak@r a €Zba mimodevnich
lesnich produkt, jako jsou nafiklad plody, semena, listy aika, miZze mit na
dieviny negativni vliv (zvySeni mortality, snizengemerace a density semeka),
ktery se projevuje zvlaStpii intenzivnim vyuZzivani, nevhodnych skizvych
postupeckti v kombinaci s nefiznivymi podminkami prosedi (Gaoue & Ticktin,
2007; Djossa et al., 2008; Schumann et al., 20&0t&f & Witkowski, 2010). Stavy
nekterych druli dievin s¢asto vysokym socioekonomickym vyznamem v mnoha
oblastech africkych savan klesaji na kritickou @o® mizi Uplré. Neiasgji tomu
tak byva v oblastech neustalého roeagani zenidélské pidy, kde jsou semetiy a
mladé stromy spasany dobytketinkazdor@né odstraovani kEhem myceni a pleti
poli (Wezel & Lykke, 2006). Pré&wsemendky dievin jsou vystaveny velkému tlaku
jak ze strany lidi, tak ze strany zirohi domacich i divokych, coz ma zasledek

obtiZznou regeneraci ustupujicich diuh

Vliv lidi na herbivory

Stavy africkych herbivdr jsou gimo ovliviiovany ilegalnim lovem. ie@devsim velci
bylozravci, jako nap sloni a nosoroZci, jsotastymi okt'mi pytlaki. V minulych
letech lov slod kvili slonovire zagicinil pokles jejich stat v mnoha zemich
Afriky. Po ustanoveni zakazu obchodu se slonimidpkty roku 1989 doSlo
k omezeni pytlactvi a obndwslonich populaci (Osborne, 2000). AvSak po usin
zakazu v zemich na jihu Afriky (Botswana, NamibiZimmbabwe) roku 1997 dosSlo
k opitovnému naistu pytlactvi sloi v mnoha africkych zemich (Maingi et al.,
2012). RoviZ lov nosorozé byl po fadu desetileti velkym problémem. Stavy
nosoroz@ dvourohych v Africe se mezi lety 1970 a 1987 dpidizhruba 95 — 97%
(Brodie et al., 2011). V s@asné dob i pres znané ochranéské snahy mnozstvi
upytlatenych nosoroic stoupd, patrh jako disledek rostouci poptavky po jejich

rozich na asijském kontinentu. Kreérrofeji jsou velci byloZravci loveni ki masu
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(Ndibalema & Songorwa, 2008). Nelegélni lov je etk problémem mnohych
chraréenych Gzemi. Nap v Tanzanii, v narodnim parku Serengeti je ilegabv
pricinou poklesu staviady druti zvitat, nap. buvoli (Osborne, 2000; Loibooki et
al., 2002). Jelikoz pytlaci ve¢tsine pripadi pouzivaji k lovu pasti (oka) negativn
ovlivauji i stavy necilovych druhzvirat (Hofer et al., 1996).

Kromé pitimého vlivu v podob pytlactvi, pisobi lidé na velké byloZravce i ri@émo.
do chragnych Uzemi ma za nasledek neustalé zmensSovéozeného prosedi pro
Zivot divoké zeie. Navic spolu s lidmi na tato tzemi pronikaji spoddska zvfata,
kterd se zejména v obdobi omezenych Zdmphou stat potravnimi konkurenty
divokych bylozravé (Voeten & Prins, 1999). Také lidmi a jejichinnosti
indukované zrény struktury a dynamiky vegetace, a tedy i¢msn v kvalit a
kvantit potravnich zdrdi, maji negativni vliv na velké byloZravce, na jhjic

chovani, ekologiéi pocetnost populaci (Svedarsky et al., 2008).
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VYZNAM , OCHRANA A MANAGEMENT ZV ERE V AFRICE

Kromé vyznamné ekologické funkce v savanovych ekosystbnmaaji herbivé
zédsadni vyznam prolovéka a jeho Zivot. Herbivd a volrg Zijici zvirata obec#
piedstavuji pro mnoho obyvatel nezastupitelny zdfgjmu a obzivy. Viad oblasti
Afriky je pro mistni obyvatele maso divokych #ati jedinym zdrojem Ziv&Snych
bilkovin. Jinde je konzumace jejich masé#civ preference, oziveni jidelikiu ci
tradice. Maso ulovenych zwaita ne vzdy slouzi kifmé spatebs. Mnoho lové maso
prodava a za vydek kupuje ¥tSi mnoZzstvi lev&si potravy, kup. ryby. Kromg
masa jsou prodavany také makize, kosti a rohy zvat. Omezeny ifljem pinasi
také prodej Zivych zvat pedevSim do zoologickych zahrad, rezervaci a ipark
(Ntiamoa-Baidu, 1997). &dy je dokonce maso vedlejSim produktem &atai jsou
lovena primara pro trofeje. Velka poptavka po trofejich, zejmlkyeh byloZravd,

a zaliba ve sportovnim lovu dala vzniknout novénuyétvi vydélecné ¢innosti.

V sowtasné dob na mnoha mistech Afriky funguji lovecka safarierié maji jak
ekonomicky, tak ochramgky vyznam (Cumming, 1989; Lindsey et al., 2007).
Turismus, & jiz za &elem lovudi sledovani zvat, je vyznamnym zdrojemiipmu
nejen pro provozovatele rezervaci a parkle i pro ostatni mistni Zivnostniky.
V neposlednfack divoka zvfata ziskavaji na vyznamu jako #ath farmova, protoze
farmové chovy a rafe mohou byt velmi dobrym zdrojem zisku (NtiamoadRgi
1997; van der Waal & Dekker, 2000).

Na druhou stranu velci byloZravci mohoilspbit i zn&né Skody. Zejm. v oblastech
narodnich pank a jinych chradnych GUzemi rdZe dojit k gjemnoZeni &kterych
druhi divokych zvfat, kter4d zvlast v pripad velkych byloZzravé mohou
zpisobovat rozsahlé Skody jak na samotnych amarh Gzemich (Cumming et al.,
1997), tak v glehlych vesnicich. Do konfliktu s lidmi se raptji dostavaji sloni,
ktefi nici nejen drodu na polich, ale mnohdy i zasoby patraploty a vodni
rozvody. OWas také ohroZuji ifmo zdravi a Zivoty lidi (Tchamba, 1996; Hoare,
1999). Divoka zviata jsou také zdrojem infekich onemocEni, kterd ohrozuji
piedevsim dobytek. Nap pakork jsou castymi genaseéi slintavky a kulhavky
v Botswar a bruceldzy v Tanzanii. V neposlediacde jsou divoci bylozZravci pro
hospodé&skéd zvfata vyznamnymi potravnimi konkurenty (Eltringham99@).

V takovychto situacich je nutné najit vhodné ngstrmanagementu, které pomohou

omezit Skody, ochranit stabilitu ekosystému, a w@to neohrozi existenci
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piemnozZzeného druhu. Timto nastrojemize byt nap. pormerné kontroverznitizeny
odstel (van Aarde et al, 1999).

AvSak mnoho druiln zvitat se potyka se zcela @pgm problémem. Klimatické
zmeény a nadmrna zemddelska cinnost spojena s Ubytken¥ipzeného prosedi,
ilegalni lov, predace, choroby jso#iginou drastickych ztrat jak v gtech zvfat, tak

i v poctech samotnych druaih¢i poddruhi fady byloZzrava. Tak je tomu i v fipad
kriticky ohrozeného zapadniho poddruhu antilopylap (Taurotragus derbianus
derbianug (IUCN, 2008), jehoz posledni vadrvijici populace Zije v Senegalu v
Narodnim parku Niokolo Koba v ptu mérgé nez 200 kus (Renauckt al, 2006). Ze
zhruba 175 drubh kopytniki na s¥té jich je 84 z#azeno mezi druhy Kriticky
ohrozené, ohrozeri# zranitelné (IUCN 2002)Rada z nich, jako napadax nabijsky
(Addax nasomaculatysgazela damaNanger damg hroSik liberijsky Choeropsis
liberiensig, nyala horskaX{ragelaphus buxtohizebra GrévyhoHquus grevyi pati
mezi kopytniky afrického kontinentu. Managementiew Africe je proto ve &Si
mife zandfen na ochranu zkdt nez regulaci jejich sty A jsou to pra¥ velci
bylozravci, ktéi se diky své atraktivitpro veejnost (Leader-Williams & Dublin,
2000) a kléové roli v savanovém ekosystému (Western, 1989)agt&lajkovymi
druhy program pro ochranu biodiverzity (Bowen-Jones & Entwis#602).

Strategie ochrany a managementu #fe

Pro (Eely ochrany savanovych ekosystém tedy i divoké z&ke, vznikla a vznikaji
po celé Africe chrama uzemiitzného typu. LiSi se nejen svou velikosti, d@znou
mirou naruseni dle rozsahu povoleného vyuzivaninimisobyvatelstvem. Na Uuzemi
Afriky miazeme rozliSovat odifsré chrargnych girodnich rezervaci slouZzicich jen
k védeckym @&elim, pres narodni parky a rezervace slouzici k ochkganamnych
druhi, jejich skupin¢i celych spoléenstev az po obyvatelstvem plryuzivana
Gzemi limitovana udrzitelnym vyuzivanimiigpdnich zdraj (Stuart & Adams,
1990). Zakladem ochrany biodiverzity v&siné africkych zemi jsou narodni parky.
Narodni parky ve &Sin¢ pripadh spadaji do statni spravy a jeji¢izeni vliadnimi
organy je mnohdy nevhodné. Na pozice spiaw zandstnan@ parki jsou
dosazovani lidé s minimalnim zdjmem o ochrathivopy a nedostat@ou motivaci,
kteri ¢asto pochazi z jinych kom zeng, a tedy k chrané oblasti nemaji zZadny
vztah. Jejich fungovani také komplikuji neshody istmimi obyvateli, jejich
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nespokojenost a nepochopeni. Baistavena chra&na uzemi jim na prvni pohled
piindSi pouze omezeni v mnoha ohledech (West e2@06). Nedostat®a os¥ta a
absence zapojeni obyvatel do ochrany tento proj@érprohlubuje. Tento model se
v mnoha pipadech ukazal jako nefuéiki. Premisa, Ze mistni obyvatelstvo ma na
udrzitelném uzivaniifrodnich zdraj v dané lokali vétSi zajem nez statni€dnici

a zna lépe lokalni podminky a problémy, a Ze misbniunita za vyuZiti tradnich
forem hospodani je schopn&idit vyuzivani girodnich zdraj efektivrgji nez
vladni organy, dala vzniknout novému moddlizeni chragnych oblasti se
zapojenim mistnich obyvatel (angl. community-basexservation, CBC) (Brosius
et al., 1998). Mira zdenéni mistnich obyvatel vtomto modelu jézna, avSak
piinasi jim moznost podilet se na ochfgorostedi, ve kterém Ziji, tajiz svym
zpusobem Zzivot&i participaci natizeni chrasnych GUzemi a jejich managementu.
Hlavnim cilem CBC je efektiwjSi ochrana a udrzitelné vyuzivariirpdnich zdraj
spolu se zlepSenim sociélni a ekonomické situacnioh obyvatel (Songorwa,
1999).

Se zapojenim mistniho obyvatelstva funguji také treshranini parky (angl.
transfrontier parks, TFPs) afgshranini GUzemi ochrany (angl. transfrontier
conservation areas, TFCAS) vznikajici v mistecle jabu chragna uzemkii jejich
husta & rozctlovana hranicemi dvoudi vice stal. TFPs spojuji chra&ma Gzemi
dvou stal obklopujici statni hranici mezi nimi a jsdizeny jako jednotné celky.
Zarove jsou z Uzemi TFPs odstiy vSechny bariéry omezujiciippzeny pohyb
zvitat. TFCAs zahrnuji chr&na Uzemi tzného typu, jako nd&p narodni parky,
soukromé rezervacei dokonce lovecké ram. V pipact téchto, ¢asto velmi
rozsahlych, izemi je nemozné odstranit vSechnygityaomezujici pohyb ziat, jako
nag. silnice a Zeleznice, avSak cela uzemi TFCAs t&mna jednot&i Preshranini
chraréena uzemi obe@maji za cil ochranu biodiverzity za sasného udrzitelného
vyuzivani girodnich zdraj. Navic @inaSi nové pracovniiflezitosti a moznosti
zisku pro mistni obyvatelstvo, usnhi@agi turistiku a podporuji mezinarodni mir
(Hanks, 2001; Hanks, 2003).

V ochrarg predevSim malych populaci divokych ati hraji vyznamnou roli
zachovné chovy. Mezinarodni unie pro ochrafivogy a ffirodnich zdraj (IUCN)
doporiuje vyuziti zachovnych chdvpro druhy zwuiat, jejichz populace ve volné
piirodk ¢ita mérk nez 1000 jedint (Ebenhard, 1995). AvSak zachovné chovy a
jejich Us@Snost jsou do jisté miry limitovanyékolika problémy. Primarnim
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problémem je mnohdy obtizné vytemi soBstané a fungujici populace.
V zachovnych chovecbasto dochazi k reprodékim problénim, které mohou byt
zpasobeny mnoha aspekty, jako je stres, nevyhovujgstiedi, stravati inbredni
deprese. Ztrata genetické diverzityuze zmisobovat ¥tSi nachylnost zvat
k nemocem. Také nasledné reintrothikprogramy zaznamenavaji p&me malé
procento usgsnosti. To niZze byt zgisobeno jak neslednym odstramim
disturbarnich faktofi z prostedi, kam je z& vypouStna, tak zminou chovani,
piedevsim potravniho, socialniho a antiptedao, ¢i genetickymi a fenotypovymi
zmenami zpisobenymi odliSnymi podminkami zachovného chovu.egasledni
fadk je existence a fungovani zachovnych dhotasto komplikovano jejich
nara:nosti na finance a prostor (Snyder et al., 199&m&re pro mnoho drui jsou
zachovné chovy jedinou Sanci na zachratad pyhynutim (Ebenhard, 1995).
Z&chranné programy ziggnych druli (i téch rostlinnych) existuji dvojiho typun
situ a ex situ Ochranain situ je realizovana ifimo v @irozeném prosgedi
ohrozeného druhu acétsinou je spojena i s ochranou biotopu. Chovy druh
chrarénych ex situjsou vedeny v prostdi pro tyto druhy newodnim. Do této
kategorie pdaf zoologické zahrady, stejrjako chragna GUzemi, népsgji parky a
rezervace, mimo areal vyskytu daného druhu. Jelda#anaex situje limitovana
fadou problém a omezenou kapacitou, je vhodné tento typ ochmowzivat jen
v dokz, kdy fragmentace a nekontrolované vyuzivatiognich zdro} neumo#uje
ochranu druhun situ (Balmford et al., 1995) Navic ochram situve WtSin¢

piipadi nest&i k zachrag druhu, proto je vhodné oba typy kombinovat.

Vliv managementu na z¥é¥ a jeji chovani

Z&kladem usgchu zachrannych programohroZzenych druln zvifat je spravny
management (Innes et al., 1999; Whittington, 1999)as¢ v pripadt zachovnych
chovi maze jejichiizeni vyznam#é rozhodnout o existenci jedné popul@ceelého
druhu. Spravé zvoleny management byémzajistit asgsSnou reprodukci zvat, a
tedy zvySeni jejich pfiu natolik, aby mohla byt naslegimeintrodukovana do mist
puvodniho roz&eni. Zarové by se milo dbat na minimalizaci rizika snizeni
genetické diverzity a zémy chovani zviat, nebd oba tyto faktory mohou vyznaran

ovlivnit Zivotaschopnost a naslednou &spost peziti ve volné firode.
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Na africkém Uzemi je &Sina zachrannych progradna zachovnych chdvvedena
v rezervacich. Jeden z fakiopasobicich na chovani zeait je velikost jejich
Zivotniho prostoru, tedy rozloha rezervace. Tu jgné grizpusobit nejen drulm
zvirat, jejich specifikm a pd@tu jedindi, ale i prostedi. Ri rozhodovani o velikosti
rezervaceii o pattu zvirat do ni umisinych je vyuzivan parametr GzZivné kapacity
prostedi (angl. carrying capacity, CC). CC pro divokowizje definovana jako
maximalni péet zviat, ktera jsou schopna se po dlouhou dobu uziviuimigém
Gzemi, aniz by doSlo k poSkozeni biotopu (Fritz &niban, 1994). # mnozstvi
piesahujici CC se ztdta musi potykat jak s nedostatgm mnoZstvim potravyi
nutnosti pijimat potravu mé# kvalitni, tak s limitovanym zdrojem vody (Decker &
Purdy, 1988)%i dokonce omezenym prostorem. Teiiza byt gicinou komplikaci
piedevsim u teritorialnich zidt (Lopez-Sepulcre & Kokko, 2005).

Nizky paiet zviat je zas¢astym problémem zachovnych cliowachovné chovy
malych populaci ve&sir¢ pripadi vychazeji z malého @tu zakladajicich jedinc

V téchto populacich nuthdochazi ke #zeni blizce fibuznych jedint, a tedy
postupné ztrétgenetické diverzity. To vedtsine pripadi vede ke zvySeni mortality
mladych zviat, sniZeni plodnosti doslgch jedindi a celko¥ vétSi vnimavosti
k nemocem, stresu a régmivym podminkam progdi (Ralls et al., 1979).
V takovychto pipadech usfrh chovu zavisi f@devSim na managementu. |
v situacich, kdy neni mozZné ozZiveni chovu novymidirjei, musi byt cilem
managementu minimalizovat fipuznost zuiat (Montgomery et al., 1997).
UzZitecnym nastrojem managementu je rodokmen chovanydiatz\s jehoz pomoci
Ize sp@itat koeficient pibuznosti jednotlivych zvat, a tedy uiit vhodné jedince pro
vzajemnou reprodukci (Kot&ova et al., 2011).

Kromé¢ poitu jedindi ma na zwviata a jejich chovani vliv také jejich druhové
zastoupeni v ramci rezerva¢eparku. Zatimco &které druhy velkych byloZravc
vyuzivajici stejné biotopy spolu Ziji v mutualigiien vztahu findSejicim vyhody na
poli ochrany proti predatém, jiné druhy, jejichZ biotopyipsahuji by jen ¢aste&né,

si mohou potravkonkurovat. Tato konkurence je untogana omezenym zdrojem
potravy ¢i vysokou hustotou e (de Boer & Prins, 1990). Rozdily v chovani Ize
také pozorovat vifpadech, kdy jec¢i neni v rezervaci iftomen predator.
V piitomnosti predatora je u Zet udrzovano ostrazité chovani, které&zen byt
konano na ukor potravniho chovani (Hochman & Kot007). Se stoupajicim
rizikem predace roste také velikost stad byloziigtunter & Skinner, 1998). Pokud
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v rezervaci predator neni zastoupen, mohou stawkatzwafistat rychleji, nejen
z divodu absenceifmého ohrozeni predatorem, ale takéivadiu navysSentasu,
kdy se zviata mohou &novat @Fijmu potravy. Na druhou stranu peav téchto
piipadech mohou nastat problémy po navratiarvdo volné firody, zviata jsou
mére vnimava k nebezg jejich ostrazitost je snizend, a mohou se tadsa stét
obeti predatora (Caro, 2007; Rantanen et al., 2010).

mladych a starych samic (Gaillard et al., 2000yZenfist populace ovlivnit také
vékova struktura zvat, jakozto i porér pohlavi (Caro, 2007). Aschopnost sanic
oplodnit zn&né mnozstvi samic je velkd, neni neomezena. Prptaze mensi
pocet sam@ oproti samicim raze zapicinit nizSi reprodukni Usgch (Langvatn &
Loison, 1999). To se projevuje zejména v populadide jsou loveni dosji samci
jako nejzadagjSimi trofejnimi kusy ¢i samci mladi pro nejkvalitjSi maso
(Ginsberg & Milner-Gulland, 1994). Proto i vipadt managementu loveckych
rezervaci a ram divoké z¥ie je nutnd jista obeégtnost, aby se fpdeslo
popul@&nimu kolapsu. Zarove je mozné vyuZzit tento mechanismus pegulaci

piemnoZenych populaci (Owen-Smith et al., 2006).

Vliv p Fikrmovani na chovani z\wfe

Zabezpéeni adekvatni potravy v dostatem mnoZzstvi je jednim ze zékladnich
pilita zachrannych prograimohroZzenych zvat, jelikoZ potrava, co se jak kvality
(Liu et al., 1985), tak kvantity (Crawford et., B)Qye, vyznama ovliviiuje Zivot
zvirat a jeho projevy (Parket et al., 2009). U velkymhozZravd je nedostaiaa
potrava ¢astym problém, ktery fife mit negativni vliv na jejich zdatnost (angl.
fitness) a reprodukci (Bishop et al.,, 2009). V takthto situacich je vhodnym
nastrojem managementuripgmovani vedouci ke sniZzeni mortality a zvySeni
aspesnosti reprodukce (Dorgeloh et al., 1996). Na dwbtwanu gikrmovani nize
ovlivnit chovani zwufat, jako nap jejich rozmistni (Cooper et al., 2006§i
ostrazitost tim, Ze si navyknou naitpmnost lidi (Manor & Saltz, 2003).
Prikrmovani miZze také finést nedekavané problémy ip piipadné reintrodukci
zvitat.

Potravni teorie fedpokladaji, Ze ip dostatku potravy se velci bylozZravci Zivi vic
selektivre (Westoby, 1974), a takéami svoje chovani (Owen-Smith, 1994). #ta
nadale pjimaji dostupnou vegetaci (Cooper et al., 2006)Salt Fednost® si
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vybiraji druhy s vysSi nutii hodnotou (Murden & Risenhoover, 1993). Dochazi
k rychlejSimu nasyceni Zt a pokryti jejich pdeb na Ziviny, takZe ziata mohou
vénovat vice casu dalSim aktivitam, jako jsou socialni interakceprodukce,
odpaiinek (Hejcmanova et al. 2009).

U velkych bylozravé bylo grikrmovani studovanoipdevsim v oblastech mirného
pasu. Ve w¥tSiné piipadi se jednalo o itkrm v zimnim obdobi (Schmitz, 1990;
Miller et al., 2003; Schmidt & Hoi, 2002). AvSakinopickych oblastech je vyzkum
piikrmovani velkych herbivdr nedostatény (Boutin,1990). Jedin vyplnéni této
védomostni mezery fi¥e poskytnout cenné informace o vyuzitelnostiknonu

v managementu ohroZzenychiatia jeho fipadnych limitech.
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VYZKUMV OCHRANE ZViRAT

Pro stanoveni optimalniho managementu ohroZenydatzgou nezbytné znalosti
ekologie a chovani danych dfyhakozZto i porozuni vztalim zvirat a rostlin a
jejich vyznamu pro dynamiku obou slozek ekosysté@aordon et al., 2004). AvSak
u fady ohrozenych druhjsou tyto znalosti nedost&teé ¢i zcela chybi. Behavioralni
studie mohou tyto informace poskytnout a pomocihopit faktory ovliiujici
piezivani a péetnost populaci ohroZenych diulzvitat. Mezi zékladni okruhy
vyzkumu paiti nag. socialita, rozmnozovani, §& o potomstvo, teritorialni chovani,
migrace a v neposledrad potravni chovani.

PoZadavky na potravu se u jednotlivych Zigaych druli znan¢ liSi, a i mezi
piibuznymi druhy mohou existovat podstatné nuancedi@i potravniho chovani

konkrétnich druf je pro jejich zachranu vice neilezité.

Potravni selektivita byloZravai

Ptijem adekvatnich Zivin v dost&®ém mnoZzstvi zvySuje schopnosepivani, éistu

a rozmnozovani jedirici celych populaci. AvSakizné druhy rostlin majitiznou
vyzivovou hodnotu #ada z nich postrada&které pro bylozravce esencialni zZiviny, a
proto pouze p#ivy vybér potravy nmiize zajistit jejich vyvadzenyifjem (Krebs &
Davies, 1991).

pro zivot Ziv@&icha a jeho zdatnost. Je vSak nutné rozliSovatksiele potravni
preference. Zatimco potravni preferencéedstavuji to, co by Ziwichové
konzumovali, pokud by #i moznost absolutni volby, selekce zahrnuje to, co
skute&né konzumuji (Hodgson, 1979). \idledku fady omezeni, najklad
environmentalnich¢i  zpisobenych lidskouéinnosti, v realnych podminkach
Zivocichové moznost svobodné volby nemaji, a pratapisobuji svoje potravni
preference a Zivi se selektdmybérem z dostupné nabidky.

Na selekci byloZzravc miZzeme nahlizet naékolika Urovnich. V zavislosti na
rostlinach tveicich hlavni sloZzku potravy jediicozliSujeme spase, okusovée a
piechodné typy. Spa&ase Zzivi travnimi porosty a objemnou pici bohatua
sacharidy, okusova zas snadno stravitelnou a vysoce kvalitni rostun hmotou.
Jedinci gechodného typu osciluji mezi &wa gedchozimi skupinami, Zivi se

potravou smiSenou, avSak vyhybaji se zvySenétijmyo vlakniny (Hofmann, 1989).
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DalSim rozliSovacim kritériem je vyb urcité rostlinné tkaa ¢i organu, kterym se
Zivogich Zivi. Rada zejm. malych byloZraicse specializuje na &itou ¢ast rostliny
(Begon, 1997). V neposlediract Ize selekci chapat jako vibpotravy na zaklad

Zivin a dalSich latek v ni obsazenych.

Selekce na zaklad latkového slozeni rostlin

Dusik je ve vyZi¢ zvirat nezastupitelny. Pro bylozZravce je dusik spdhstrem a
menSi mie draslikemcasto limitujicim prvkem (Grant et al., 2000). Ta#élSi
mineralni latky, jako nap sodik, vapnik a hoik, jsou pro byloZravce esencialni, a
jelikoz nemohou byt syntetizovany, jejich jedinymrajem je potrava (McDowell,
2003). Nicmén rada mineralnich latek, zejména fosfor a sodik, sestlinach
vyskytuje v omezeném mnozstvi (Ceacero et al., p@avlase rostliny tropickych
oblasti maji niZzSi vyZivovou hodnotu neZ rostlinpldasti mirného pasu a maji
chronicky nedostatek mineralnich latek (McNaught2888). Nektefi byloZravci
proto vyhledavaji firozené mineralni lizy (Ayotte et al., 2006), uyjalm je poteba
pokryt nutréni pozadavky ficinou migranich pohylh (McNaughton, 1990) a
pastvou v biotopech s vysokym podilem druia Ziviny bohatych. PrimagnvSak
zvirata zvySuji fijem Zivin pastvou vybranych driilrostlin a naopak se vyhybaji
druhim, které uplatuji antipredani obranné mechanismy (Owen-Smith & Novellie,
1982; McNaughton et al. 1985; McNaughton & Georgatiog86).

Obsah dusikatych latek u tropickych trav je prooBg@vce mnohdy nedostatsy.
Praw vhodnou volbou potravy mohou jedinci pokryt svéok§ na tyto latky, a
rozhodnout tak o rovnovaze dusikaté bilance. Fogmedt al. (2011) uvadi, Ze sloni
v narodnim parku Waza v Kamerunu davagdmost rostlinam s vysokym obsahem
dusikatych latek. Také wipad® nosorozé dvourohych Diceros bicorni$ je
referovana vyrazné pozitivni selekce rostlin boblatya dusikaté latky (Ganqga et al.,
2005). U jefiat byla dokdzana schopnost @b takové potravy, ktera pokryje jejich
pottebu na dusikaté latky a zarévenedojde k jejich febyt&nému pijmu
(Kyriazakis & Oldham, 1993).

Ve vychodni Africe a v celé sahelské oblasti jeitligici zivinou fosfor (Sanchez,
2002). Nap. v nadrodnim parku Serengeti byl v obdobi such&gmén obsah fosforu
v biomase nizky natolik, Ze ne&tana pokryti poteb tohoto prvku laktujicich samic
pakaia (Murray, 1995). Fosfor jeidezity nejen jako stavebni latka zisisnych €I,
ale také méa zray vliv na reprodukci (Grant et al., 2000). RéZznna Novém
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Zélandu hraje fosfor vyznamnou rolfi vybéru potravy bylozravci. Forsyth et al.
(2002) v rdmci vyzkumu potravy na Novy Zéland idkovanych drut byloZravd
studoval potravni selekci u jelena lesniB@ivus elaphys daika skvrnitého Dama
dam3, jelence Bloocasého@docoileus virginianusa kozy domaciGapra hircus.

Pri past¥ na kaprd’orostech preferovaly sledované druhy rostliny suySobsahem
fosforu.

Na pozitivni vliv sodiku v biomase na selekci peyranerbivory poukazuji studie
potravniho chovani las(Alces alcepv oblasti kanadskych jezer (Fraser et al., 1980;
Fraser et al., 1984; Laurian et al., 2008a; Laudgal., 2008b). Lesni spakenstva
v této oblasti jsou na sodik pémé chudd, a proto ziata vyhledavaji jiné zdroje
tohoto vyznamného biogenniho prvku. Tim jsou velasto na sodik bohaté vodni
rostliny. Losi @i spasani vodnich rostlin davajitepinost drufim s vysokym
obsahem sodiku, a roghsi k past¥ vybiraji mél¢i jezera se sedimenty bohatymi na
mineralni latky a hojnym vyskytem jimi preferovahydruhi vodnich rostlin (Fraser
et al., 1984). V obdobi, kdy je vodni vegetace ws&atek, losicasto migruji

k silnicim, kde se zdrojem sodiku stavaji solndrkeez (Laurian et al., 2008a) a
vegetace rostouci podél silnic, jez ma vysSi komaeea sodiku (Laurian et al.,
2008b).

Sloni v soukromé rezervaci nedaleko narodniho patkwange v Zimbabwe zas
preferuji vegetaci bohatou na vapnikidik, draslik a také dusikaté latky (Holdo,
2003). Sodik a hwik jsou mineraly vyznamné zejména pro tvorba kastuhi.
Nedostatek drasliku e vyvolat svalovou slabost, stié selhanici respira&ni
problémy (Mutanga et al., 2004).

Rostliny s vySSi koncentracékterych latek jako mineralie a dusikaté latky jsedy
pro byloZzravcetasto atraktivni aip vybéru potravy je preferuji, zatimco zvySeny
obsah latek jinych fize mit na selekci potravy zcela ¢pgt vliv. Na Novy Zéland
introdukovany jelen skotskyCervus elaphus scoticugiednostd okusuje druhy
s nizkym obsahem listové vlakniny, diuh s vysokym obsahem vlakniny v listech
se naopak vyhyba (Forsyth et al., 2005). Také sabecny Capreolus capreolys
v zapadni Francii si vybira stravu s niZ8im obsati&kniny (Tixier et al., 1997).
Ttisloviny, alkaloidy a jiné antinutmi latky rovréz hraji vyznamnou roliip vybéru
potravy bylozravci. Jak jiz samotny nazev napovéaédinutriéni latky mimo jiné
negiznivé pasobi na kvalitu potravy a vyuZziti Zivin v ni obsaygeh. Nap. ttisloviny

diky své schopnosti vytvét pevné vazby s travicimi enzymy a bilkovinami
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negativié pisobi na traveni a vyuZziti bilkovin tim, Ze sniZjgjich stravitelnost
(Silanikove et al., 1996).

Jednotlivé druhy herbivarse liSi zfisobem zachazeni s rostlinami obsahujici tyto
latky. U fady zviat funguji fyziologické mechanizmy, které umiai odbourani
toxickych latek ¢i minimalizaci negativnich dinkt téchto latek. Jini &¢i nim
vykazuji i pongrné vysokou miru tolerance (Provenza et al., 1992nhySklence
uSatého Qdocoileus hemionyisobsahuji bilkoviny, které vazirisloviny, ¢imz
dochazi k mensSim ztratam dusikatych latek a redaksiorpce ifslovin, a tedy
snizeni nebezpé intoxikace (Robbins et al., 1987). Austin et @989) uvadi, Ze
produkce proteifn vazajici tisloviny jsou schopniiiedevsim okusowv@na rozdil od
spasau. Toto tvrzeni potvrzuje srovnani slin spé&sa nosorozce tuponosého
(Ceratotherum simujn a okusovée, nosorozce dvourohéhdieros bicorni,
jehoz schopnost vazatgloviny byla mnohematsi (Clauss et al., 2005). Ovd@\ic
aries) pri vyskytu fislovin v potra¥¢ vykazuji snizenou stravitelnost vlakniny
(Robbins et al, 1991), avSak toleruji pon¢ vysoké koncentrace
pyrrolizidinovych alkaloid (Launchbaugh et al., 2001).

Jiné druhy bylozZravic vyuzivaji k omezeni negativniciigka antinutrénich latek
behavioralni mechanismy jako je péaselekce potravy s minimalnim obsahem
téchto latek. Nosorozec dvourohy vychodBideros bicornis michaéliv narodnim
parku Nairobi v Keni si k okusu vybira rostliny zkym obsahem fenbla alkaloidh
(Muya & Oguge, 2000). Kozorozec nubijskZdpra ibex nubianav Negevské
pousti na jihu lzraele sefiphledani stravy zdrZuje mé&ma mistech s vegetaci
obsahujici kyselinufiselnou (Hochman & Kotler, 2006). Jansen et al0@@Quvadi,
Ze kozy pi pokusech v Jihoafrické republice davaliegnost rostlinam s nizSim
obsahemitslovin. AvSak spiSe nez absolutni vyhybani seindgsh obsahujici tyto
latky byl pozorovan vyér potravy tak, aby celkovy obsah zkonzumovanyididvin
nepgekradil urcitou prahovou hodnotu. Pr&vmnoZstvi a druh fjaté tisloviny
rozhoduje o nie Skodlivosti pro konzumenta (Frutos et al.,, 20@8lenec uSaty
(Odocoileus hemionlissi vybira rostliny s vysokym obsahem straviteB&iny.
Pokud jsou hodnoty stravitelné suSiny v rostlimysoké a fendl nizké, zvie
preferuje tuto rostlinu. Pokud jsou vSak hodnota\stelné susiny v rostlinvysoké

a fenoh také vysoké, jelenec igxnosiiuje rostlinu s nizSim energetickou hodnotou
a nizkym obsahem fenbl(McArthur et al., 1993). Hervas et al. (2003) w&ms

pokusu podaval ovcim intrarumindlnrizné mnozstvi kebtavych #islovin.
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Negativni @inky se vSak prokazaly pouzéi mejvysSi studované koncentragchito
latek (3,0 g na kg zivé hmoty za den). U ravivystavenych d&inku nizSich
koncentraci fislovin nedoSlo k snizenitipmu potravy ani viditelnému poSkozeni
tkani.

Z vySe uvedenych ffkladi je patrné, Ze potravni preference a drylpotravy
jednotlivych druli byloZzravaé se lisi. OdliSné nuinhi pozadavky vSak fizeme
pozorovat i vramci jednoho druhti populace. Tyto rozdily jsou dany zejména
vlivem wveku, pohlavi a fyziologického stavu.

Vyzkum Ziraf v Nigeru prokazal odliSnou potravniekei u zviat nizného ¥ku a
pohlavi. Kojici samice se vyhybal§idglovinam v potra¥, nekojici samice a samci si
vybirali potravu bohatou na bilkoviny a tuky, zatorsubadultni jedinci zas rostliny
s vysokym obsahem bilkovin, uhlohydrat stedni hladinouiislovin (Caister et al.,
2003).

Rozdily ve vykru potravy Ize sledovat i u konkrétnich jedine ramci jednoho
roku. Tyto znény jsou dany vlivem sezény. Preferenceraviistavaji stejné, ovSem
nabidka potravy a jeji kvalita seHem roku vyrazé meni. V Ié€ je v udolich
Jesenilt dostatéend nabidka ostruzinik(Rubusspp.) bohatych na Ziviny. Proto tyto
rostliny tvai vyraznoucast diety jelefr lesnich Cervus elaphys AvSak na podzim
a vzing, kdy listy ostruzinik opadavaji, se jeleni pasou zejména na travnich
porostech, které v této ¢oi dokE obsahujici vice Zivin nezieviny (Kamler et al.,
2011). Také v narodnim parku Lake Manyara v seviéamii kvalita potravy kolis&
vlivem sezoOny. Kratké a dlouhé obdobi tiee obdobim hojnosti, kdy mnoZzstvi
dusikatych latek ve vegetaci je vysoké. Po obdeRitdse kvalita potravy snizuje a
na konci obdobi sucha klesa na sva minima. Snidlesdhu Zivin v potravbuvol
africkych @Syncerus caff¢rtak negativi pasobi na jejich istové schopnosti a

komplikuje produkci mléka u laktujicich samic (Rri& Beekman, 1989).

Mechanismus selekce

VySe zmirgné studie arada dalSich potvrzuji, Ze byloZravci si nevybirgjiavu
nadhodi, ale naopak po#nn¢ cilerg. Otdzkou vSak istava, jakym mechanismem
k takové selekci dochazi. e to byt deni 1) od matkyi od vrstevniki, 2) pokus-
omyl, 3) post-ingestni nasledky (Provenza et &92).

Burritt & Provenza (1992) zkoumali preferenda@éngsicnich jehiat, kterym byl
podavan sacharinowy glukézovy roztok. Po dobu desetitdbyl dwma skupinam
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zviratim stidaw podavan sacharinowy glukdzovy roztok s fichuti pomerage ¢i
hroznového vina. Jedna skupindiddw dostavala sacharinovy roztok i$ghuti
pomerake a glukozovy roztok sifchuti hroznového vina a druha skupina naopak.
Pred z&atkem pokusu nebyl jaélty prednost® vybiran ani jeden z rozték Po
ukorgeni pokusu byl zwatim nabidnut roztok jiz bez sladidel pouzeftieiputi
pomerage ¢i hrozni. Zvifata vyrazg preferovala chtl spojenou s glukézou, tedy
piijmem energie. Na zakladvysledki autdi pokusu uvagji, Ze zviata nemaji
vrozené schopnosti poznat chemické sloZeni potrigay, schopnosti a preference
potravy se vytvéeji az na zakladpozitivnich postingestivnich zkuSenosti, tedy na
zaklad u¢eni. Duncan et al. (2006) vyzkumem ¥ potravy u kozCapra hircusg,
kterym podaval stravu siznym obsahem Zivin a antinutnich latek, potvrdil, Ze
vybér potravy je natdenym chovanim po ipdchozi pozitivni ¢i negativni
postingestivni zkuSenosti. Provenza (1995) dodaedyylEr potravy a zvietem
prijaté mnoZzstvi ovliviuji nervow zprostedkované interakce mezi smysly (€hu
¢ich aj.) a vnitnostmi zviete. Pokud zwé prijme dostatek potravy bohaté na dané
Ziviny, citi se nasycené, a proto preferuje potrayuolavajici pocit nasycenosti.
V piipact prebytku Ziving¢i toxickych latek nebo nedostatku Zivin ptijmu urité
potravy se dostavuji n&emné pocity diskomfortu (ndp nevolnost) a zvé si
Vvytvaii averzi Wi této potra¥. Jestli gijem ugité rostliny zapicini nedostateKi
piebytek rjaké latky zalezi na morfologii, fyziologii a nutnich poZadavcich

zvitete, proto jsou potravni preference jednotlivyalhdra rekdy i jedindi rozdilné.

Stanoveni pd@etnosti z\&fe

Z&kladem efektivniho managementu populaci nejeokgich zvfat je spolehlivé
stanoveni jejich peetnosti a jejich zen. Skuténd velikost populace vSakKigtava
pro z\&i na mnoho lokalitach neznama a jegeni neni vzdy snadné.

V diasledku naistu p@tu obyvatel na africkém kontinentu za posledilsipleti a
s tim spojené expanze obyvatel a e¥tske cinnosti na Uzemiidve obyvana pouze
divokou zv¥# doSlo k fragmentaciéthto oblasti za s@asného poklesu stav
n¢kterych druli zvirat, predevsSim (velkych) savg jako tomu bylo naip v zapadni
Africe (Sayer, 1982; Fanshawe et al., 1991; Ciqf@R@95, East, 1998; Barnes, 1999;
Oates et al., 2000; Darozze, 2004). Znalosepwsti z¢te a jejiho vyvoje je zcela
z&sadni preizeni a ochranu takovychto populaci.
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Na druhou stranu monitoring getnosti z¢ére ma swuj nezastupitelny vyznam i
v opa&nych situacich, kdy nadmé mnoZstvi jedinc urtitého druhu nmZe byt
hrozbou jak pro mistni obyvatele (Woodroffe et 2005), tak vegetaci (Barnes,
1983; Tchamba & Mahamat, 1992; Eckhardt et al.,020@ tedy rovnovahu a
udrzitelnost ekosystému.

V neposlednifact je znalost p&tu zvirat dilezita pro spravce ran a rezervaci,
jejichz oplocena Uzemi maji jen omezenou uZivhoypakdau (angl.. carrying
capacity). Takoveéto informace, tedy i zde, stojipesatku dilezitych rozhodnuti a

opafteni, jako je naip regulace p&tu z\wrte ¢i prikrmovani.

V souasné dob existuje Siroké spektrum metod pro stanoveniepwsti zvére.
Tyto metody Ize roz#lit do dvou zakladnich skupin, na metod§inpé a nefimé.
Zatimco gimé metody jsou zaloZeny n&ipém pozorovani ziat, nepimé metody
negasgji pocitaji jejich pobytové stopy.iH#né metody Ize daleélt na ,,absolutni
itani“ (angl.. total counts) a ,vzorkovani“ (angkample counts). Zatimcorip
»-absolutnim gitani“ je prozkoumana cela studovana oblastizagokladu, Ze byla
zapa@itana vSechna ztdta, v gipadt ,vzorkovani“ pouze jejicést a celkovy pet
zvirat je nasled® odvozen. Sitani obojiho typu Ize provozovat jak ze vzduclak, t
ze zemd. Jednotlivé metody Ize nasledklit dle jejich uspsadani (nahodil&i
pravidelné), typu a velikosti ploch/transekfachmann, 2001).

Mezi hojre vyuZivané metody p#t letecké &itani. Jak jiz bylo uvedeno vyse,
letecké sitani lze provozovat formoui@eti nad celou oblastéi s¢itanim jen
uréitych ¢asti oblastiCasgjsi je forma druhd, u niz Ize rozlisit varianty na zéaklas
typu snimkovanych plockttverce, bloky, transekty) (Jachmann, 2001). Tattodsee
byva kritizovana pro négpsnost a to konkrétrnproto, Ze stanoveny vysledny dab
zwete je nizSi nez ve skuteosti (Goddard 1967; Short & Bayliss, 1985; Jachman
2002). NizSi poéty zvitat mohou byt zfisobeny nap nevhodnou vySkoti rychlosti
letu, shlukovanim¢i utékem vyplasenych ziat, jejich velikosti, zbarveningi
velikosti skupiny, peasim, zkuSenostmi pozorovatelgi{ae) ¢i hustotou vegetace
(Caughley, 1974; Le Resche, Rausch 1974; Samuall,et987; Jachmann, 2001;
Jachmann, 2002). Z tohotdwbdu se metoda leteckéhgitani vice hodi do otégné
krajiny s nizkou hustotou vegetace, kdedodrZzeni spravného postuptitani ntize
poskytnout spolehlivé vysledky (Parker et al., 201&i porovnani #iznych tym
stroji vhodnych pro letecké&gani nejpesrgjsi vysledky pineslo gitani z vrtulniku
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(Peel and Bothma, 1995), které je vSak velmi famémarané (Ridpath et al., 1983).
Prav velka finargni nar@nost je hlavni nevyhodou leteckéhmténi obect. Novou
technologii v leteckém ¢gtani zwie je pouziti bezobsluznych stiioj Jejich
pofizovaci cena je srovnatelna s ceny letadel vyu¥istargi scitani zwre, avSak
vyhodou by nily byt niz8i provozni naklady, bezp®jSi pouziti, snazSiipprava
stroje a malé pozadavky na vzletovy prostor (Verderewet al., 2013), jakozZto i
vyuZziti v ramci proti pytlackych opgni (Mulero-Pazmany et al., 2014).
(Jachmann, 2001). Ztbta mohou byt row <itana v ramci celé oblasti jen na
piedem definovanych plochach a transektech (Jachri&96). Rikladem je &itani
zvéie na liniovych transektech, které jsou nahodilpravidelré rozmistny nagic
zkoumanou oblasti.¢8a¢ prochazi po liniovém transektu a zaznamenava kolmo
vzdalenost zvat viditelnych z transektu (Schwarz & Seber, 19819yzdalenost a
Ghel, pod nimz je z# vidkno (Buckland, 1993),#fp. i dophujici Gdaje o pohlavi a
st&i jedince. Data jsou nasletinvyhodnocena pomoci software DISTANCE
(Thomas et. al., 2010). Vyhoda této metodycpmv tom, Ze pokud je prozkoumana
dostatén¢ velkacast oblasti, poskytuje spolehlivé vysledky @gmosti (Jachmann,
2002) a navic také informace o rae$ii zviat, pohlavi a #kové struktile populace
(Msoffe et al.,, 2010). Nevyhodou ue byt relativé velka finakni nar@nost,
potteba velkého mnoZstvi kvalitnicltitaci a v oblastech s hustou vegetacipii
nevhodném siru wétru hrozba, Ze zvata utéou dive, nez budou zaznamenana
(Mandujano & Gallina, 1995; Bouché et al., 2012).

Mezi méré vyuzivané metody p#éAt metoda opakovanych odchiy{angl. mark-
recapture), ktera je zaloZzena na odchyttitéino pd@tu jedindi z populace, jejich
ozna&eni a optovném vypusini. Po utité dok je odchyt zviat zopakovan a
stanoven pogr ozn&enych a neozrignych zviat, z €2 je mozné spiitat velikost
celé populace (Hanson, 1967). Podminkou této mefedyuzawenost sgitané
populace, tedy iedpoklad jeji nernné velikosti (White et al., 1982). Velkou
nevyhodou této metody jsou samotné odchyty, ktéeéiqtavuji stresovou zt pro
odchycené jedince a opakované odchyty moho&nnchovani jeding, nag. maji
za nasledek vyhybani se odchytovym pastem (Hal€&y).

Obdobou této metody je metoda opakovaného pozore@zén@enych jediné (angl..
mark-resight), jejimz principem je ozfemi jedince Bhem prvniho odchytu bez

nutnosti odchytt dalSich. Bhem nasledujiciho pozorovani se zaznamenavaipom
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zvirat ozngenych a neozrgnych, na jehoz zakladje stanovena velikost celé
populace (Strandgaard, 1967; Rice & Harder, 190f)akovanaci dlouhodoba
pozorovani je mozné provétdoomoci fotopasti. Nevyhoda invazivnosti této ndgto
v podolg odchytu z¥fe, miZze byt odstra¥na ,Uplnym“ pouzitim fotopasti, kdy
prvni fotografie zviat a identifikace jednotlivych jedificna zaklad prirozenych
znaki (pruhy, skvrny apod.) slouzi jako ,odchyt* (Karnt1995; Karanth &
Nichols, 1998). AvSak tato metoda je pouzZitelna zgow zviat, u nichz je
identifikace jedin@ umoZrgna pra¥ pomoci pirozenych znak ¢i predchoziho
ozna&eni zvfat (Trolle & Kery, 2003). Z tohoto tdvodu Rowcliffe et al. (2008)
navrhnul metodu pro stanoveni getnosti zviat pomoci fotopasti bez peby
identifikace jednotlivych zwat, nevyhodu metody vSak vidi v nutnosticlpegho
rozmiseni fotopasti.

Mérg casto se ke dtani zwie vyuZivaji zaznamy (pozorovani) ldvcVzhledem
k malé spolehlivosti, fize tato metoda poslouzit jako zdroj informaci aildiire
populace a reprodukcti jako dophkova metoda jinych metodcisani zwre
(Ericsson & Wallin, 1999; Rénnegard et al., 2008)

U vokalizujicich druby zvirat je mozné vyuzit metodu zvukovych zazdagangl..
call-in survey, playback recording)iimiz se vyuZivaji nahravky zvukovych projev
zvitat s @ekavanim hlasové odpédi. Tato metoda je vhodna pro dmd druhy
zvirat, jejichZz pohyb po dané oblasti jgegem neodhadnutelny, a tedy nelze pouzit
jiné metody jako je ndap itdni na transektecti pomoci fotopasti (Mills et al.,
2001). Nevyhodou metodyihe byt rychlé fivyknuti zvirat na zvuk (nahravku), a
tedy nemoznost opakovani pokusu (Ogutu & Dublir§8)9

Mezi nejmodertjSi metody 8itani zvfat pati metoda geneticka. Tato neinvazivni
metoda nevyZaduje odchyty &e, jelikoz analyzy DNA jsou n&stji provadny

Z trusu, mei ¢i srsti (Taberlet & Luikart, 1999), tedy z toho, zeife po sob samo
zanechd. Vyhody metody sfigaji v moznosti identifikace jednotlivych jedinc
(Gray et al., 2013) a jeji vhodnosti procnda plaché druhy zkdt ¢i malé populace
kriticky ohroZenych zwat (Guschanski et al., 2009). Jeji nevyhodycsmyi ve
vysokych pozadavcich na vybaveni a laboratorni dioesti ¢i ve slozitém
uchovavani vzork zejm. trusu. (Taberlet & Luikart, 1999).

Mezi nejjednodussi, co se provedenietypati metody peéitani pobytovych stop,
nag. stop z¢ie (Dzieciolowski, 1976; Stephens et al., 2006)iedpvSim trusu.
Metoda sgitani trusu byla vyuZzita u velkého mnoZstvi drutviiat od plaa (Avery
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& Perkins, 1989), f&s va&natce (Vernes, 1999) az po velké herbivory (Ellis &
Bernard, 2005) a megaherbivory (Fay, 1991). Splest této metody rive byt
limitovana d¥ma zakladnimi faktory, a to variabilitou vipnérné denni defekai
davce a dobou rozkladu trusu. Def&kiadavka nize byt fizna v zavislosti na
oblasti, r@énim obdobki jedinci (Rogers, 1987; Sawyer et al., 1990; Asderet al.,
1992). Doba rozkladu trusu zagihe zaviset na tmim obdobi¢i pocasi (lborra &
Lumaret, 1997; Hone & Martin, 1998), okolnim piesti (Harestad & Bunell, 1987;
Plumptre & Harris, 1995¢i aktivité hmyzu (Neff, 1968). Jako mozny zdroj chyb, a
tedy nepesnosti, této metody byva atovana také osobacitace (Neff, 1968;
Bulinski & McArthur, 2000; Jenkins & Manly, 2008e stejnym problémem se vSak
potykaji i jiné metody jako napletecké &itani (Le Resche & Rausch 1974; Frei et
al., 1979). Vyhodou této metody je jeji snadnaireak, nenarmost jak finakni,
tak personalni, moznost pouZiti i na rozlehla tzemioblastech Iés(Barnes et al.,
1995), jakozto i u plachych drthzvirat (Vernes, 1999). Navic tato metoda
nezmsobuje stresc¢gtanym zvfatim, jako kugikladu metoda odchytova, a krém
informaci o pdetnosti zvifat mize poskytnout udaje o jejich rozsni (De Boer et
al., 2000), sloZeni potravy (Hejcmanova et al.,@G dokonce i o &kové struktie

a pongru pohlavi v populaci (Coe & Carr, 1983; Putmarg4)9

Jednotlivé metody ¢ftdni zwie maji své vyhody a nevyhody, nardzi na odliSna
omezeni a problémy, jsou vhodné darrych podminek a praizné druhu zite. Za
aspEsnosti stanoveni petnosti zére a naslednych ogani managementu tedy stoji
nejen samotnécgani, ale také vyy vhodné metody. Pro jeji vgbje proto pateba
zohlednit dilezité faktory jako je &el itani, charakter terénu v dané oblasti, typ a
hustotu vegetace, vlastnosti a prostorové fems$isledovaného druhu, finam
moznosti, personalni zabezpai realizace a technické vybaveni (Jachmann, 2001)
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DOES A CHANGE IN LAND USE AFFECT WOODY VEGETA-
TION IN SUB-HUMID SUDANIAN SAVANNA IN SENEGAL?"

M. Zagkova!, P. Hejemanova2, M. Hejecman'

!Czech University of Life Sciences Prague, Faculty of Environmental Sciences, Prague,
Czech Republic

2Czech University of Life Sciences Prague, Faculty of Tropical AgriSciences, Prague,
Czech Republic

Little attention has been paid to response of sub-humid savannas to changes in management. The aim of the study was to test
whether changes in management had any effect on richness, diversity, composition, and density of woody species in sub-
humid West African savanna. In Fathala Forest (Senegal), we compared woody vegetation in communal land (FUC) with that
on protected area fenced-off for 8 years either with (FFW) or without (FFE) wildlife. Species richness and diversity of woody
plants were 5.6 and 0.5 per 0.02 ha plot on average and both were consistent throughout the study area. Density of all woody
plants (saplings and full-grown trees together) was 4700 individuals per ha in FFW which was significantly higher than in FFE
and FUC. No differences were found among densities of full-grown trees, while density of saplings in FFW (3429 individuals
per ha) was higher, although this only differed significantly from FUC. Different management did not affect density of spe-
cies used for construction, fodder or medicine probably due to low intensity of recent exploitation. We concluded that in sub-
humid conditions, 8 years of fencing was not enough for manifestation of the change in management and human exploitation

of lower intensity cannot be connected with degradation of sub-humid tropical woodlands.

woody plants density; diversity; management; recruitment; vegetation dynamics; West Africa

INTRODUCTION

It has been widely reported that human exploi-
tation such as livestock grazing, timber logging,
firewood collection, and harvesting of forest prod-
ucts, is responsible for the destruction of savanna
forest vegetation (Shackleton, 1993). Livestock
browsing greatly reduces seedling survival, sup-
presses growth of both the seedlings (Tsegaye et
al., 2009) and the older/adult individuals (Tsegaye
et al., 2010a), and decreases tree density (Noumi
et al.,, 2010) and viability (Dhillion, Gustad,
2004). Overgrazing, in combination with fuelwood
gathering and inappropriate cultivation practices,
leads to desertification in arid areas (Mortimore,
Turner, 2005). Moreover, when combined with
unfavourable abiotic conditions, wildlife grazing or
fires, the human exploitation may be detrimental to
woody vegetation. Heavy browsing in combination
with low rainfall leads to rapid tree loss (Prins,
van der Jeugd, 1993; Birkett, Stevens-
Wood, 2005). In addition, the interaction of burn-
ing and wildlife browsing (namely by elephants)
limits the resprouting of woody plants and leads

to woodland loss (Holdo et al., 2009). On the
contrary, if properly managed, this interaction can
help suppress bush encroachment (Schutz et al.,
2011). In African savannas, heavy livestock grazing
reduces the regeneration capacity of desired woody
plants (Hejcmanova etal., 2010), opens grass
sward, and thus decreases the frequency and inten-
sity of fires (van Langevelde etal., 2003) and
can also enable bush encroachment by unpalatable
woody species (Roques etal., 2001).

According to state and transition models (Briske
etal., 2005), in arid and semi-arid savanna ecosystems
the exclusion of uncontrolled human exploitation may
result in substantial changes in plant species com-
position and vegetation structure (Parsons et al.,
1997; Oba etal., 2000; Weber, Jeltsch, 2000;
Angassa etal., 2010; Tsegaye etal, 2010b;
Mekuria, Veldkamp, 2012). More humid sa-
vannas, on the contrary, seem to be relatively stable
ecosystems, where disturbances are counteracted by
environmental mechanisms, for instance by rainfall
(Shackleton, Scholes, 2011). Arid and semi-
arid savanna ecosystems have been widely studied,
whereas little attention has been paid to the response

* Supported by the Internal Grant Agency of the Czech University of Life Sciences Prague (CIGA), Project No. 20114201.

SCIENTIA AGRICULTURAE BOHEMICA, 44, 2013 (4): 209-217

doi: 10.7160/sab.2013.440403

209



of sub-humid and humid savanna vegetation to changes
in management (Leriche etal., 2003).

The aim of this study was, therefore, to test whether
a change in management, applied for 8 years, had
any effect on woody plant species community and
woody plant densities in a sub-humid West African
savanna. In particular, we asked whether: (1) there
are any differences in woody plant species richness,
diversity, composition, and density between areas
with different management strategies; and (2) whether
management has any effect on particular categories of
woody plants, according to their preferred exploitation
by local people.

MATERIAL AND METHODS

Study area

The study area is located in the Fathala Forest
(Forét de Fathala, FF), a savanna region of the Delta
du Saloum National Park (DSNP) on the west coast
of Senegal (13°39'N, 16°30'W) near the northern

67
()

Reserve

Fig. 1. Study area and location of sample plots (200 m?) in the Fathala
Forest. FUC represents the unfenced area with communal land use,
FFW is the fenced area with large herbivores and FFE is the extended
fenced area without animals and management interventions.
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border of Gambia. The area is flat with dry plateaus,
passing into shallow humid valleys. The region has
a littoral sub-humid climate, with a pronounced dry
season between November and May and a 5-month
rainy season between June and October. The aver-
age annual precipitation is 1022 mm. Mean daytime
temperatures are 31.2 °C in May and 26 °C in January
(1951-2000, Banjul Yundum meteorological station).
Soils are tropical ferric Luvisols and Nitosols on the
plateaus and weakly-developed Gleysols in the lower
valleys(FAO — UNESCO, 1977). The FF belongs
to the transition zone between the phytochoria of the
Sudanian region and the Guinea-Congolian/Sudanian
transition zone (W hite, 1983). The principal veg-
etation aspects are wooded grassland, woodland and
transitional woodland on the plateaus, with Combretum
nigricans-Prosopis africana woodland, Bombax costat-
um-Pterocarpus erinaceus woodland, and Piliostigma
thonningii-Dichrostachys cinerea thicket, giving way
to Erythrophleum suaveolens-Dialium guineense gal-
lery forests in the humid valleys (Lawesson, 1995;
Nezerkovd-Hejcmanova etal., 2005).

The FF area extends over more than 8500 ha and
is surrounded by 11 villages, with one village situ-
ated directly within the FF. Until the year 2000, the
FF was under a single common management, which
kept the area under state control, limiting the rights
of local people to exploit natural resources. For in-
stance, while the harvesting of fruits and medicinal
plants was allowed, crop cultivation and livestock
grazing was restricted. In 2000, 2180 ha of the FF
were fenced and the Fathala Reserve (FR) was es-
tablished, partly as a wildlife enclosure with native
and introduced herbivore species (Nezerkova et
al., 2004), and partly to protect the woody savanna
ecosystem with its remnant fauna, which was exposed
to ongoing uncontrolled human activities of relatively
low intensity from the surrounding villages, including
livestock grazing, the harvesting of wood, fruit, and
bark, and illegal hunting of wildlife (Lykke, 1994).
The FR was divided by managers into two controlled
segments and, ultimately, three management systems
were established within the original area of the FF:
(1) 1070 ha of the fenced area within the FR, referred
to as the FFW, is inhabited by wildlife, mostly graz-
ers, such as African buffalo (Syncerus caffer), roan
antelope (Hippotragus equinus), and defassa water-
buck (Kobus ellipsiprymnus defassa); (2) 1110 ha
of the fenced area within the FR, referred to as the
FFE, is without animals or any other activities; and
(3) 6390 ha of the unfenced area within the FF, referred
to as the FUC, is under communal land use.

Data collection

Data were collected during the 2008 dry season
(April-May). The first sampling plot was assigned
randomly, on the north-western border of the FF, as
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Table 1. List of the most abundant species with their families, codes used in the ordination diagrams and classification in exploitation categories
according to Lykke (2000). Species with no exploitation category were not classified by Lykke as exploited plants.

Species Family Code Exploitation category
Acacia ataxacantha DC. Mimosaceae AcaAta

Acacia sp. Mimosaceae AcaSp

Albizia chevalieri Harms Mimosaceae AlbChe

Azadirachta indica A. Juss. Meliaceae Azalnd

Bombax costatum Pellegr. et Vuillet Bombaceae BoxCos Construction wood, livestock fodder
Combretum glutinosum Perr. ex DC. Combretaceae ComGlu Medicine

Combretum micranthum G. Don Combretaceae ComMic Medicine

Combretum nigricans Lepr. ex Guill. et Perr. Combretaceae ComNig

Combretum paniculatum Vent. Combretaceae ComPan Livestock fodder

Cordyla pinnata (Lepr. ex A. Rich.) Milne-Redhead Caesalpiniaceae CorPin Construction wood, medicine
Daniellia oliveri (Rolfe) Hutch. et Dalz. Caesalpiniaceae DanOli Construction wood, livestock fodder
Detarium microcarpum Guill. et Perr. Caesalpiniaceae DetMic Medicine

Detarium senegalense Gmel. Cesalpiniaceae DetSn

Diospyros mespiliformis Hochst. ex A. Rich. Ebenaceae DioMes

Erythrophleum suaveolens (Guill. et Perr.) Caesalpiniaceae ErySua

Ficus sp. Moraceae FicSp Livestock fodder

Guiera senegalensis J.F. Gmel. Combretaceae GuiSn Medicine, livestock fodder
Icacina senegalensis Adr. Juss. Icacinaceae IcaSn

Lannea acida A. Rich. Anacardiaceae LanAc

Lannea velutina A. Rich. Anacardiaceae LanVel

Lonchocarpus laxiflorus Guill. et Perr. Fabaceae LonLa

Maytenus senegalensis (Lam.) Exell Celastraceae MaySn

Ozoroa insignis Del. Anacardiaceae Ozoln

Parkia biglobosa (Jacq.) R. Br. ex G.Don Mimosaceae ParBig

Piliostigma reticulatum (DC.) Hochst. Caesalpiniaceae PilRet

Piliostigma thonningii (Schumach.) Milne-Redh. Caesalpiniaceae PilTho

Prosopis africana (Guill. Et Perr.) Taub. Mimosaceae ProAfr Construction wood
Pterocarpus erinaceus Poir. Fabaceae PteEri Construction wood, livestock fodder
Saba senegalensis (A. DC.) Pichon Apocynaceae SabSn

Sarcocephalus latifolius (Smith) Bruce Rubiaceae SarLa Medicine

Sclerocarya birrea (A. Rich.) Hochst. Anacardiaceae SclBir

Strychnos spinosa Lam. Loganiaceae StrSpi

Terminalia avicennioides Guill. et Perr. Combretaceae TerAvi

Terminalia macroptera Guill. et Perr. Combretaceae TerMa Construction wood, medicine, livestock fodder

a starting point for setting up a regular geo-referenced
grid (one point per 1 km) across the investigated area.
GRILLE 2.0 software and ArcGIS 9.1 tools were used
in order to avoid any bias caused by human factors
during the selection of the sampling plots, although
it led to unbalanced design. Square plots, 200 m? in
area, were established at the intersections of the grid.
A total of 71 plots were sampled (total area 1.42 ha,
representing 0.017% from the total area of the FF):
12 (0.24 ha), 8 (0.16 ha), and 51 (1.02 ha) plots in the
FFW, FFE, and FUC, respectively (Fig. 1).

In each plot we collected data on woody plant
species composition and the number of individuals
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of each woody plant species. For the number of indi-
viduals, we distinguished woody plants < 1.5 m and
> 1.5 m in height and classified them as saplings and
full-grown woody plant individuals, respectively. To
assess the alpha diversity of the area, species rich-
ness was determined as the number of plant species
per plot, while the Simpson’s index of diversity was
used as a measure of the species diversity of a plot
(Magurran, 2004). The plant species were iden-
tified in situ, the species nomenclature following
Arbonnier (2002). Then we classified selected
woody species into categories (Table 1), according
to their preferred exploitation by local inhabitants:
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construction wood, medicinal plants, livestock fod-
der, and a separate species, Lonchocarpus laxiflorus,
which was referred as a plant species without any
apparent use by local inhabitants. This categorization
was defined in a study by Lykke (2000), based on
interviews with local inhabitants.

Data analyses

Linear regression was used to evaluate the rela-
tionship between sampling areas and the number of
recorded species. Number of woody plant species per
plot, in the FFE, FFW, FUC, and in the total sampled
area were used to perform this analysis. Differences
in species richness, species diversity, total density of
all woody plants, density of saplings, density of full-
grown individuals, and density of individuals within
the species exploitation categories between the three
management systems were evaluated by One-Way
ANOVA. After obtaining significant results, post-hoc
comparisons using Tukey’s test were performed.

We performed two kinds of multivariate analyses:
(1) with the total density of all woody plants as response
variables; and (2) with categorization of the density
of each species into saplings or full-grown individu-
als as response variables. Detrended correspondence
analysis (DCA) was used to detect the length of the
gradient and to detect similarities among individual
research plots. To explore the pattern of woody plant
density in relation to management, we used canonical
correspondence analysis (CCA), followed by Monte
Carlo with 999 permutations.

In the CCA, the management systems were used as
three explanatory variables in the form of categorical
(dummy) variables. The CCA was applied because
the length of the gradient in the DCA was above 3.5
(Leps, Smilauer, 2003). In order to avoid spatial
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Fig. 2. Effect of sampling area size on the number of recorded woody
species. Numbers 1 - 5 stand for the number of woody plant species
per plot of 0.02 ha, the number of woody plant species recorded in the
FFE, FFW, FUC, and the number of woody plant species recorded in
the total sampled area, respectively.
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autocorrelation among the plots within the grid, the
effect of the distance to the sea, or any north-south
gradient, we created a set of principal coordinates
(Borcard, Legendre,2002) representing a matrix
of geographical positions among sampling plots using
the PrCord extension (ter Braak, Smilauer,
2002). Using the CCA, we tested which principal co-
ordinates had a significant effect on species density.
These coordinates were used as covariates in subsequent
multivariate analyses. All multivariate analyses were
performed using Canoco (Version 4.5, 2002) for MS
Windows and the results were visualized in the form
of ordination diagrams using CanoDraw software.

RESULTS

Woody plant species richness and diversity

A total of 63 woody plant species were recorded
in the total sampled area: 48 species (76.19% out of
the total) in the FUC, 20 (31.75% out of the total)
in the FFW, and 15 (23.81% out of the total) in the
FFE. There was a linear increase in the number of
species with sampling area, in the range of sampling
areas from 0.02 to 1.42 ha (Fig. 2). Species richness
per plot was 6.04 + 0.43 S.E. in the FUC, 5.83 + 0.98
S.E. in the FFW, and 4.87 + 0.85 S.E. in the FFE, and
did not differ significantly (F, . =0.49, P =0.615).
The Simpson’s diversity index per plot was
0.49 £ 0.04 S.E. for the FUC, 0.50 £ 0.07 S.E. for the
FFW, and 0.54 £ 0.12 S.E. for the FFE, and did not
indicate significant differences between management
systems (Fz, 6 = 0.11, P=0.896). The most abundant
families were Caesalpiniaceae (16.3%), Combretaceae
(16.3%), and Mimosaceae (12.2%).

Woody plant density

Using CCA, we revealed a significant effect of
the three management types on the total density of all
woody plants (F=1.62, P=0.031), with all constrained
axes (combined) explaining 5.8% of the species (data)
variability. (Fig. 3a). When the density of saplings and
full-grown woody plant individuals was considered
separately, the effect of management type was not
significant (F = 1.27, P =0.140), (and) the explained
variability was 4.6% for all constrained axes (Fig. 3b).

Ficus sp., Guiera senegalensis, Lonchocarpus laxi-
florus, Prosopis Africana, and Ozoroa insignis were
the most frequent species in the protected FFE area.
Detarium senegalensis, Erythrophleum suaveolens,
Saba senegalensis, and Sarcocephalus latifolius were
very frequent in the fenced FFW area. Albizia cheva-
lieri, Diospyros mespiliformis, Maytenus senegalensis,
and Piliostigma thonningii were the most abundant
species in the FUC area under communal land use.
However, the majority of the species catalogued were
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distributed across the whole area of the Fathala Forest,
irrespective of the management systems.

DCA ordination showed limited effect of the man-
agement systems on the density of woody plants. No
distinct groups of plots for particular management
systems were apparent for either total density of all
woody plants, or the separate densities of saplings
and full-grown trees. In the analysis of total density,
all unconstrained axes explained 25% of the spe-
cies data variability. When the separate densities of
saplings and full-grown woody plant were analyzed,
all unconstrained axes explained 24.3% of the vari-
ability. The total density of all woody plants was the
highest in the FFW (4700 individuals per ha) and
differed significantly from densities in plots from the
other management types (F2 6 = 452, P =10.014).
The density of saplings was the highest in the FFW
(3429.167 individuals per ha), although this only dif-
fered significantly from the FUC area (Fz, 6g = 426,
P =0.018). No differences were found among densities
of full-grown trees (Fz, 68 — 129, P =0.282) (Fig. 4).

Woody plants exploitation categories

The type of management had no effect on the total
density of all woody plants, saplings, or full-grown
trees for all categories of exploitation (P >0.05 in all

analyses, Fig. 5), with Lonchocarpus laxiflorus being
the only exception. The total density (F2, os = 4-63,
P =0.013) and sapling density (Fz, 39 = 0.88, P =
0.006) of Lonchocarpus laxiflorus were significantly
higher in the FFE compared with the other manage-
ment systems (Fig. 5a, b).

DISCUSSION

We recorded 63 out of the 89 woody species from
the FF savanna vegetation reported by Lawesson
(1995). The lower number of species (71%) recorded
in our study was despite the fact we sampled an area
14 times larger than that investigated by Lawesson.
This was probably a result of sampling strategy, as we
used regular grid sampling, which generally reveals
less species than selection of the most diverse plots.
Our sampling represented 8 weeks of field work by
two experienced researchers. The sampling design
employed was, therefore, a compromise between the
feasibility of the field work and the representativity of
the collected data, since longer data collection was not
possible due to phenological changes in the vegetation.

In addition, we collected the first density data ever
published from the study area. The total number of
woody species recorded in the FUC was more than
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Fig. 3. Ordination diagrams showing results of the CCA analysis of: a) total density of all woody plant species in three areas with different manage-
ment; b) density of woody plant species differentiating saplings and full-grown woody plant individuals in three areas with different management.
FUC represents the area unfenced area with communal land use, FFW is the fenced area with large herbivores and FFE is the extended fenced
arca without animals and management interventions. For plant species codes see Table 1. Numbers at the end of species codes refer to saplings

(1) and full-grown individuals (2).
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twice that identified in either the FFW or FFE. This
was attributed to the larger sampling area in the FUC,
as the increase in species number per additional hec-
tare was 3.9. A clear linear increase in the number of
species within a sampling area was recorded for the
range of sampling area sizes, from 0.02 ha to 1.42 ha.
Further increase in sampling area size, above 1.42 ha,
would almost certainly have resulted in a greater total
number of recorded woody species, but probably at
a lower rate of increase than in the studied range of
sampling areas.

The lack of differences in species richness or spe-
cies diversity of woody species per 0.02 ha plot among
the three management systems agrees with the results
of other studies of African savanna with similar cli-
matic conditions, namely rainfall (Shackleton,
2000; Paré et al., 2010). In contrast to our study,
lower species richness of woody species was recorded
under communal grazing, compared to private re-
serves, in semi-arid areas (Higgins et al.,, 1999;
Hejcmanova etal, 2010). In sub-humid areas
where the intensity of exploitation is low, communal
grazing does not appear to be detrimental to the spe-
cies richness of woody plants.

The density of saplings of woody species seems to
be more susceptible to management, in comparison to
the species richness or density of full-grown individu-
als. Communal land use, as in the FUC area, frequently
leads to a decrease in sapling density, cover or height,
as also observed by other authors (Shackleton et
al.,, 1994; Hejcmanova etal., 2010). In the FUC,
saplings were exposed to relatively intensive browsing
by livestock, removed during land clearing for crop
cultivation on the periphery of the forest or harvested
as fuelwood for local households. Consequently, re-
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Fig. 4. The total density of all woody plants, density of saplings and
density of full-grown individuals in three areas with different management
(for abbreviations see Figure 1). Vertical bars indicate the standard error
of the mean. The same letters above columns indicate non-significant
results for the Tukey’s HSD test for particular woody plant categories
(saplings, full-grown individuals, all woody plants) compared among
management systems.
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cruitment of woody species was limited under com-
munal land use and the density of saplings was low
in this area. The highest density of saplings, recorded
in the FFW, was probably due to the predominance
of grazers, the low density of browsers, and the lack
of human exploitation.
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Fig. 5. The woody plant density in particular categories of preferred
exploitation of plants in three areas with different management (for
abbreviations see Fig. 1): a) total density of all woody plants; b) den-
sity of saplings; and ¢) density of full-grown individuals. Vertical bars
indicate the standard error of the mean. The same letters above columns
indicate non-significant results for the Tukey’s HSD test for particular
exploitation categories compared among management systems.
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We expected that the fenced, and thereby undis-
turbed, FFE area would have a higher woody plant
density than the unfenced FUC or the fenced FFW
area inhabited by large herbivores, as was reported by
Augustine, McNaughton (2004)orPringle
etal. (2007). However, our results showed the opposite
to be the case. This can be explained by the seasonal
inundation of part of the FFE area, which is dominated
by grass Schyzachirium sanguineum or low forbs with
bare areas (Nezerkova-Hejcmanova etal.,
2005). During the wet season, stagnant water creates
anoxic conditions in this area, which limits the rooting
and growth of woody plants and also the emergence
of their seedlings.

The lack of the effect of management system on
the density of woody species used for construction
wood, fodder or medicinal purposes, can be explained
by the low intensity of recent human exploitation. The
higher density of Lonchocarpus laxiflorus saplings in
the FFE area can be explained by browsing in the other
management systems, as this species is considered to
be palatable (Toutain, 1980).

CONCLUSION

The management of the Fathala Forest changed 8
years prior to our investigation. A change in land use
may present an event that redirects ecosystem dynam-
ics (Westoby etal, 1989; Fynn, O’ Connor,
2000). We therefore expected the management system
changes to initiate a more pronounced response in the
woody vegetation, similar to that observed e.g. in the
Bandia wildlife reserve in Senegal, where woody plant
saplings were recruited within 5 years of the exclu-
sion of human activities, and within 15 years woody
savanna was fully re-established (Hejcmanova
et al., 2010). However, since the Fathala Forest is a
sub-humid savanna, a substantially slower response
to a change in the management was recorded. Under
the relatively humid conditions of the Fathala Forest,
8 years of fencing is not time long enough for a mani-
festation of the change in land use. Finally, we con-
cluded that human land use of lower intensity cannot
be connected with degradation of sub-humid tropical
forests as climatic attributes, particularly precipita-
tions, are driving force behind vegetation dynamics in
these ecosystems (E11is, Swift,1988;Birkett,
Stevens-Wood, 2005).
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The western giant eland (Tragelaphus derbianus derbianus) needs appropriate management
for its survival. We measured the effects of supplemental food on activity and browsing
patterns during seasons of scarce natural food resources in 2008 and 2009 for a herd of six
animals in the Fathala Reserve (Senegal). In response to the provision of high-quality pods of
Acacia albida, animals reduced foraging time in 2008 and allocated it to resting. This pattern
corresponds to the animals’ behaviour in captivity without foraging versus vigilance trade-offs
and with predictable (in time and space) access to food. In 2009, supplemental feeding had no
effect on behaviour and was associated with increased foraging and ruminating times than in
2008, suggesting more limited natural food resources in 2009. We recorded high species diver-
sity in the animals’ natural diet. Supplemental food did not induce changes in browsing pattern
at the plant species level, probably due to small individual effect on total nutrient and energy
intake. Food supplementation, however, facilitates the animals overcoming unfavourable
conditions or alleviates stress with additional rest, and could therefore assist as a conservation
intervention to enhance fitness.

Key words: diet composition, large herbivore, Tragelaphus derbianus, West Africa, wildlife

management.

INTRODUCTION

Management plays a crucial role in the conserva-
tion of endangered animals (Ballou & Foose 1996;
Peignot et al. 2008). Ex situ conservation breeding
represents, for some species, the only way to ensure
their survival and maintenance of their genetic
resources (Ebenhard 1995). In particular, rare and
endangered species are vulnerable to manage-
ment decisions taken without adequate knowl-
edge of their ecology and behaviour (Grey-Ross
et al. 2009).

Central to successful conservation and endan-
gered species management is appropriate food
resources. Fluctuations in food supply or in partic-
ular nutrients influence breeding patterns (Sadlier
1969; Bishop et al. 2009). Scarce food resources may
severely affect survival and/or breeding rates
(Mysterud et al. 2007). In food-limited populations,
supplemental feeding as a conservation measure
may produce positive effects on fitness components,
namely reproductive success, and on population
parameters such as survival, recruitment and
carrying capacity (Dorgeloh et al. 1996; Treydte

*Author for correspondence. E-mail: hejcmanova@ftz.czu.cz

et al. 2001). On the other hand, inappropriate
provisioning of food may change the behaviour of
animals, for instance, their spatial distribution
(Cooper et al. 2006), or vigilance, through habitua-
tion to human presence (Manor & Saltz 2003). This
may have unexpected consequences on eventual
reintroductions. The effects of supplemental feed-
ing have been widely investigated for large herbi-
vores in temperate zones, which were fed during
winter periods (Schmitz 1990; Doenier et al. 1997;
Schmidt & Hoi 2002; Kowalczyk et al. 2011). There
is a lack of experimental studies in tropical envi-
ronments (Boutin 1990).

The foraging decisions and processes of large
herbivores operate in different spatial (and tem-
poral) scales from the selection of plant parts or
particular plant species at the landscape level
(Prins & van Langevalde 2008). In response to
increased availability of food resources, animals
feed more selectively (Stephens & Krebs 1986) or
reduce foraging time (Owen-Smith 1994). If animals
are offered a food supplement, they use it first, and
then continue to forage native vegetation (Doenier
etal. 1997; Cooperet al. 2006). Artificially increasing
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forage availability or quality may decrease foraging
pressure on natural food resources (Kowalczyk
et al. 2011) and induce changes in behaviour. For
instance, the total time devoted to foraging, or
biting rate, as indicators of forage intake (Hodgson
1985), may decrease, animals may invest more
time in activities to increase fitness, such as repro-
duction, anti-predator behaviours, resting, or
social interactions (Hejcmanova et al. 2009). Very
little information exists regarding how animal
behavioural patterns may be changed, and what
may be the ultimate consequences for conserva-
tion management (Caro 2007).

We conducted a food supplementation experi-
ment on a herd of western giant eland (Tragelaphus
derbianus derbianus Gray 1847), a critically endan-
gered antelope (IUCN SSC Antelope Specialist
Group 2008) in the Sudanese savanna woodland,
in the conservation enclosure in the Fathala Reserve
in Senegal. These animals constitute one of four
ex situ breeding herds established in Senegal
since 2000 (Nezerkova et al. 2004; Kolackova et al.
2011) and are susceptible to management inter-
ventions. The objective of the study was to deter-
mine how supplementary feeding affects the
foraging behaviour of the western giant eland
under semi-captive conditions. In this experiment,
we tested hypotheses regarding whether supple-
mentary feeding affects activity time budgets, or
browsing patterns at the level of individual plants.

MATERIALS & METHODS

Study area

The study was conducted in the Fathala Reserve,
a part of the Delta du Saloum National Park in
Western Senegal (13°39'N, 16°27'W). The climate is
characterized by a warm, rainy season from June
to October, and a dry season from November to
May. The mean annual precipitation is 1022 mm,
and the mean annual temperature is 26°C (1951
2000, Banjul Yundum meteorological station). The
area is at the interface of the Sudanese and
Sudano-Guinean savannas. The major vegetation
types are wooded grassland and woodland domi-
nated by plant families Caesalpiniaceae (16.3%),
Combretaceae (16.3%) and Mimosaceae (12.2%).
The enclosure was dominated by Acacia macro-
stachya with several species of the Combretum
genus, Piliostigma thonningii, Prosopis africana,
Pterocarpus erinaceus, Terminalia laxiflora and
T. macroptera, and with scarce undergrowth
formed mostly by Andropogon gayanus and
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Schizachyrium sanguineum, and almost no forbs
(Nezerkova-Hejcmanova et al. 2005; Z4kova &
Hejcmanova 2008, unpubl. data).

The Fathala Reserve is a fenced area managed for
tourism, covering 2000 ha and supporting various
indigenous and introduced wildlife species
(Nezerkova et al. 2004). Within the reserve a fenced
enclosure (70 ha) with access restrictions to the
public was established in 2006 as part of a conser-
vation breeding programme for the critically
endangered western giant eland (Kolackova et al.
2011). Animals within the conservation pro-
gramme were supplementary fed during each dry
season, mostly from March to June. In 2008 and
2009 the herd in this enclosure reserve was made
up of one male and five females, all of the age of
two or three years, and without calves in both
years.

Experimental design and data collection

The data were collected in April and May 2008
(22 observation days) and April 2009 (12 observa-
tion days), during the hot dry season. We selected
the peak of the dry season for the experiment
because that is when food resources are the most
limiting. We expected the most pronounced
changes in behavioural patterns to manifest under
the harshest conditions. In addition, stability of
the weather reduced phenological shifts in vege-
tation and water availability during data collec-
tion. Six elands, habituated to human presence,
were observed in the 70 ha fenced enclosure
directly, at a distance of 15 to 30 m, when necessary
we identified browsed plant species using binocu-
lars. Observations were made continuously during
10 hours of the daylight period (mostly from 07:00
until 17:00) on a focal animal (Martin & Bateson
1993). Observations of animals during the night
were not feasible due to safety reasons. Focal
sampling was repeated atleast three times for each
animal. We recorded activities of the observed
animals, all plant species (and plant parts such as
leaves or fruits) browsed by the antelopes, the time
spent browsing on particular individual plants,
and the number of browsing bites on particular
plants. Recorded activities were: 1) ‘Foraging/,
defined as continuous intake of food resources,
including walking between two successive indi-
vidual plants. According to our field observations,
animals were foraging while walking for up to
several minutes from one plant to another, but
when they walk longer than seven minutes, they
have moved to another place (displacement);



252

2) ‘Browsing’ defined as biting and separation of
leaves, fruits or terminal shoots from a single indi-
vidual plant. This was an integral part of foraging,
but did not include movements between individ-
ual plants; 3) ‘Ruminating’ — chewing the cud;
4)‘Resting’ when animals were calm, laying on the
ground or standing without any activity, nor in a
vigilant posture; and 5) ‘Displacement’” when
animals moved to another place without foraging.
We calculated the following from the data: total
time spent on a particular activity during 10 hours
of daylight, activity bouts, defined as a continuous
sequence of a particular behaviour, and frequency
of activity bouts per hour, in order to determine
the behavioural rhythm (Martin & Bateson 1993).
From the number of bites per plant, the bite rate
per minute was calculated. Fresh biomass avail-
able to animals (up to 2.5 m of height) was assessed
using estimation of leaf cover (in %) similar to
Nezerkova-Hejcmanové et al. (2005). We used
plant species nomenclature according to Arbonnier
(2002). There was a cohort of Daniellia oliveri
saplings (individuals less than 1 m in height) in the
enclosure; these were considered a separate food
resource from fully grown trees.

The animals were observed in two feeding situa-
tions: with and without supplementary food (20 kg
of pods of Acacia albida) offered in the morning ata
predetermined fixed place in the enclosure. Both
feeding situations were equally distributed, alter-
nating them every three days over the course of
the observation period. To evaluate the effect of
habituation of the animals to supplementary food,
we proceeded differently in each year. In 2008, we
started to offer the food supplement to the animals
two weeks before the start of observations, to get
the animals accustomed to it. In 2009, we started to
offer the animals the supplemental food at the
same time we started the animal observations. The
experimental design was limited due to manage-
ment restrictions, and adopted according to the
demand of managers for practical conservation
purposes. A total of 194.5 hours of observation
were carried out in 2008 (mean = S.E. observation
time per animal was 32.4 = 0.14 h), and 125.6 h in
2009 (mean * S.E. observation time per animal
was 18 = 2 h).

Data analyses

All statistical treatments were performed using
the STATISTICA 8.0 package (StatSoft, Tulsa,
U.S.A.). Data were tested for normality by the
Kolmogorov-Smirnov test before each analysis.
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The general activity time budget analyses were
based on three basic activities: foraging, ruminat-
ing, and resting. For each of these activities, the
total time, the bout lengths, and frequencies (per
1h) were tested separately as dependent variables
for the effect of supplemental food, applying
Student’s t-tests. The variable ‘bout length” was
square root transformed to meet the assumption
of normality. Years 2008 and 2009 were tested
separately. Student’s t-test was also employed
separately for comparisons between years 2008
and 2009 for total times spent foraging, ruminat-
ing, and resting.

The browsing pattern analyses were based on
three dependent variables: browsing bout length
(the time spent browsing on individual plants),
bite rate (the number of bites per minute), and
number of bites per individual plant. All three
variables were log-transformed to achieve anormal
distribution of data. We tested these dependent
variables separately using Student’s ¢- tests to esti-
mate the effect of the food supplement. The rela-
tionship between browsing bout length and
number of bites per plant was tested by Pearson’s
correlation.

RESULTS

Activity time budgets

The antelopes spent on average 214 min (S.E. £
12 min) foraging (36%), 164 min (S.E. = 9 min)
ruminating (27%), and 64 min (S.E. = 9 min) rest-
ing (11%) over 10 hours during the day. These
basic activities therefore took up 74% of the time
of their daylight hours. The remainder of their
time was dedicated mainly to displacement,
drinking, social interactions, and comfort behav-
iours.

In 2008, the antelopes spent 20% less time foraging
when supplementarily fed (167 min + 13 min S.E.),
compared with days when not fed (210 min *
16 min S.E.) (to,18) = —1.96, P = 0.049). At the same
time, there was no difference in the time spent
resting (tas17 = 1.87, P = 0.078); nevertheless,
animals tended to spend less time resting in cases
without food supplementation (30 min *+ 16 min
S.E.) than when they received it (80 min = 17 min
S.E.) (Fig. 1a). The length of the foraging bouts was
significantly longer when no supplemental food
was provided than when not (tgzs203 = -2.62,
P = 0.009). Other basic activities were not affected
by food supplementation: duration of ruminating;:
taos,106) = —1.61, P = 0.11 and resting: t77,75) = 1.54,
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Fig. 1. Diurnal time budgets of western giant eland for basic activities without (No) and with (Yes) food supple-
mentation in years 2008 and 2009: a & d, total time; b & e, length of a behavioural bout; ¢ & f, frequency of behavioural
bouts within 10 hours of daylight. The error bars indicate S.E. The results of Students’ t-test are defined as significant

if P < 0.05 and indicated by *.

P = 0.13) (Fig. 1b); frequency of foraging bouts
(to18) = 1.90, P = 0.073), ruminating (f20,18) = 1.04,
P = 0.31), and resting (tpo1) = 1.43, P = 0.17)
(Fig. 10).

In 2009, total foraging and ruminating times
were 50% and 56% higher than in 2008, while total
resting time was similar (foraging: t(0,12) = —5.06,
P < 0.001, ruminating: tu9,12) = -5.83, P < 0.001,
resting: t9,12) = 0.11, P = 0.91), thus the antelopes
spent on average 271 min + 15 min S.E. foraging,
210 min * 5 min S.E. ruminating, and 62 min *
8 min S.E. resting. There were no differences in the
total time spent on particular activities during the
day, either with or without supplemental food
(foraging: ta210) = -0.18, P = 0.85, ruminating:

tazi0) = -1.40, P = 0.19, resting: taz10 = 0.31,
P = 0.76) (Fig. 1d). Neither mean bout length (all
activities: P > 0.05) (Fig. 1e), nor bout frequencies
of all basic activities (all activities: n = 12, P > 0.05)
(Fig. 1f) were affected by supplemental food.

Diet composition and browsing pattern
The western giant eland diet was composed of
woody plant species only, no foraging on forbs or
grasses was recorded. A total of 32 out of 36 woody
plant species available in the enclosure were
consumed in the Fathala Reserve. The animals
browsed mostly on leaves; however, pods of
Piliostigma thonningii also represented a substan-
tial part of forage (Table 1). The mean browsing



Table 1. The plant species most frequently browsed by western giant eland in the conservation breeding enclosure in the Fathala reserve. Numbers of records are given
separately for the browsing bout length per plant, and the number of bites per plant, together with bite rate. Leaf cover (in %) represents available fresh biomass in the

enclosure.
Plant species Family Leaf cover (%) Browsing bout per plant (s) Number of bites per plant Bite rate per minute
n Mean S.E.  Median n Mean S.E. Median Mean S.E. Median

Acacia ataxacantha Mimosaceae 25 503 56.6 2.9 33 436 8.4 0.5 5 11.0 0.3 9.7
Aphania senegalensis Sapindaceae 0.6 8 71.3 20.3 65 6 9.3 4.8 5 7.8 1.7 6.2
Combretum glutinosum Combretaceae 7.0 192 128.0 13.3 56.5 148 17.6 2.4 6 10.8 0.6 9.3
Combretum micranthum Combretaceae 0.7 40 174.5 51.2 64.5 20 7.8 2.8 3 5.9 0.9 4.9
Combretum paniculatum Combretaceae 6.2 695 67.5 3.6 36 619 111 0.7 5 121 0.3 106
Daniellia oliveri Caesalpiniaceae 7.4 119 50.5 9.2 21 101 7.0 1.3 3 13.4 0.9 10.9
Daniellia oliveri sapling Caesalpiniaceae 8.0 199 54.3 71 19 117 4.6 0.5 3 14.0 1.0 112
Icacina senegalensis Icacinaceae 9.8 74 32.6 3.2 24 65 3.6 0.5 3 9.7 1.1 7.5
Lonchocarpus laxiflorus Fabaceae 0.6 7 96.1 28.8 60 5 15.8 7.1 13 10.2 1.8 12.0
Maytenus senegalensis Celastraceae 0.2 9 95.8 23.3 95 6 14.5 4.7 12.5 8.9 2.3 71
Piliostigma thonningii fruit Caesalpiniaceae - 224 1491 12.4 73 138 8.7 1.0 4 5.2 0.4 3.6
Piliostigma thonningii leaf Caesalpiniaceae 0.1 5 99.0 55.6 31 4 3.5 0.6 3.5 6.6 2.0 5.9
Prosopis africana Fabaceae 0.6 51 210.8 39.7 101 18 19.1 5.3 8.5 6.0 0.7 5.9
Saba senegalensis Apocynaceae 2.6 172 179.9 24.3 95.5 131 28.2 5.3 11 11.1 0.6 9.9
Strychnos spinosa Loganiaceae 0.1 18 102.0 30.6 52.5 16 9.2 4.6 4 8.3 1.6 6.2
Terminalia laxiflora Combretaceae 3.0 273 82.1 6.7 47 208 10.5 1.2 5 9.9 0.5 8.0
Terminalia macroptera Combretaceae 0.9 218 145.5 15.5 63 152 10.5 1.5 5 8.2 0.4 6.9

N
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boutlength per plant was 95 = 3 S.E. seconds, with
amean number of bites of 11.2 + 0.5 S.E. per plant,
and a mean bite rate of 10.7 = 0.2 S.E. bites per
minute. The animals spent the longest time forag-
ing on supplemental pods of Acacia albida when
offered, namely 848 + 162 S.E. seconds, on aver-
age. Among native plant species, the longest mean
browsing bout was recorded on Prosopis africana
and the shortest on Icacina senegalensis. The high-
est browsing rate was recorded on Daniellia oliveri
saplings and the lowest on Piliostigma thonningii
pods. The highest number of bites was recorded
on Saba senegalensis and the lowest on Icacina
senegalensis (Table 1). The browsing bout length
per plant was positively correlated with the num-
ber of bites per plant (r = 0.845, P < 0.001, n = 2191).
There was no general effect of supplemental food
on the browsing bout length per plant, the num-
ber of bites per plant, or the bite rate (all analyses
P > 0.05).

DISCUSSION
The activity budgets of western giant eland in the
Fathala Reserve enclosure, namely, time allocated
to foraging within the daylight period, were simi-
lar to budgets reported for other free ranging Afri-
can ruminants (Owen-Smith 1994; Twine 2002; Du
Toit & Yetman 2005; Taylor et al. 2006, Vymyslicka
et al. 2011). Our results therefore indicate that the
animals under semi-captive conditions still main-
tain their natural behaviour, without any dramatic
changes caused by confinement in an enclosed
area, and support our previous findings on mater-
nal behaviour (Hejcmanova et al. 2011). The dietary
composition of these elands in ex situ breeding
enclosures was also similar to those in the wild
(Hejcmanova et al. 2010). On the other hand, we
revealed functional responses of activity budgets
toincreased food abundance by supplementation,
particularly in 2008. If offered supplemental food,
the animals shortened their total foraging time as
well as the length of their foraging bouts, similarly
as reported for kudu (Tragelaphus strepsiceros) by
Owen-Smith (1994). The reduced time allocated to
foraging suggests that the elands fed without con-
straints to satiation (Jeschke & Tollrian 2005), and
may indicate either a time minimizing strategy
(Bergman et al. 2001), or a preference for fulfilling
energy requirements with the least overall cost
(Owen-Smith 1994). The surplus available time
was apparently allocated to resting, considering
that these animals do not face foraging versus vigi-
lance trade-offs as do free-ranging animals (White
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& Berger 2001; Ruckstuhl ef al. 2003). This daily
activity pattern is typical for species in captivity
without predators or competitors, and with a
predictable provision of food in time as well as
space (Bowman & Plowman 2002). The animals
habituated to being fed spent the mornings in the
area closest to the feeding site, apparently await-
ing the supplemental Acacia pods. Consequently,
the animals reduced their displacement over the
enclosure, and spent the most of their time in the
vicinity of the feeding site, similar to other
supplemented animal species (Cooper et al. 2006;
Lopez-Bao et al. 2010; Kowalczyk et al. 2011.). In
2009, there were no differences in activity time
budgets between situations with and without
supplemental food. This absence of supplemental
food being associated with substantially higher
foraging and ruminating times, in comparison
with 2008, indicates that in 2009 the natural food
resources in the enclosure were limited. In addi-
tion, the animals were not habituated to food
supplementation on the long-term prior to the
start of observation, and they maintained their
well-established spatial pattern over the whole
enclosure, similar to what they did without food
supplement (Lopez-Bao et al. 2008).

The elands’ diet during the dry season in the
Fathala reserve was composed exclusively of trees
and shrubs. They browsed a large variety of plant
species, generally leaves and some types of fruits,
namely pods, this continued even if they were
given supplementary food. Western giant eland
in the wild (Niokolo Koba National Park in Senegal)
or in conservation breeding enclosures in the
Bandia reserve (Senegal) feed, however, not only
on woody plants, but also on forbs and grasses
(Hejcmanova et al. 2010). The difference may be
due to different food resources at each site,
(although all refer to the dry season). There was
no fresh undergrowth vegetation in the Fathala
enclosure in the dry season and different grass
species in comparison to Bandia Reserve. Niokolo
Koba National Park offers a much larger area
(913 000 km?), implying higher landscape hetero-
geneity and richness of potential food resources
than a fenced enclosure. The animals browsed
along their foraging path, spending a relatively
short time, with only a few bites on each plant
species (Table 1). This pattern designates a browser
foraging strategy (Owen-Smith 1993; de Garine-
Wichatitsky et al. 2004). The length of browsing
bouts, as well as biting rates, was plant species
specific. Although supplemental food affected the
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general foraging pattern, browsing bout length on
particular plants, and biting rate per individual
plant remained unchanged, without any effect of
the supplemental food.

Implications for conservation management

The value of our results should be considered
from two, actually contradictory, points of view.
First, conservation managers should be aware
of possible changes in animal behaviour due to
management decisions, and imposing novel con-
ditions on animals. If these novel conditions last
long enough, the animals may take advantage of
behavioural plasticity but, on the other hand, this
long-term adaptation may lead to unpredictable
behavioural changes, decreasing the animals’
natural fitness, which is important for eventual
reintroduction in the wild (McDougall ef al. 2006).
Food supplementation should play a role mainly
during unfavourable conditions of scarce natural
forage availability, in order to surmount such
critical periods (Elliot et al. 2001), and should be
avoided if natural forage is not limiting. Secondly,
food supplementation may be used as a key mana-
gerial element in conservation activities. For
instance, favourable nutritional planes may enhance
investment in reproduction, and translate into
higher breeding success (Schoech et al. 2008).
Alternatively, food supplementation may become
a tool to alleviate post-release stress after animals
are transported (Teixeira et al. 2007), since the
animals devote more time on resting. This study
has highlighted the relevance of monitoring
animal responses to conservation interventions in
order to detect possible unexpected effects.
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Abstract

The interplay of all chemical compounds in foradengs leads to a complex choice
of currency for diet selection of herbivores, wishtrade-off between nutrient
acquisition and avoiding certain plant constituemds best satisfy metabolic
requirements. The currency of selection for dietni$ is responsive to the changing
availability of resources. We tested multiple deteants of diet selection of
Western Derby elandsTéurotragus derbianus derbianug the Fathala Reserve,
Senegal, at the plant species level and at théentievel of the animals’ diet in the
environment with changing food resource availabil¥Ve assessed forage plant
availability, plant nutrient concentrations (N,K2,Na, Ca, Mg, fibre, and lignin) and
observed antelopes’ diet selection in the extreotedny season with limited food
resources. We experimentally manipulated the awiitia of food resources by
supplemental feeding with pods Atacia albida Our results show that Western
Derby elands are selective browsers at the plagtiep level and respond to plant
nutrient concentrations. Diet selection was posiyivcorrelated with P, K, and the
K:(Ca + Mg) ratio and negatively correlated with Mg, Ca, N:P, and Ca:P ratios
and lignin. In contrast to optimality theory, inased food resources had no or a
decreased effect on the animals’ diet selectivéigduse supplemental food provided
lower concentrations of Ca, Mg, and lignin, thushably contributing to the
alleviation of animals’ selection against some aetg, rather than acquiring more
energy. We conclude that in nutrient-limited andiranritional compound-rich
environments, large herbivores select their diet oy to cover their nutrient
requirements, but also to avoid antinutritionalnedats. Therefore, the value of
supplemental feeding used as a management tool iloilifev reserves lies in
providing food with less load for metabolic proes# animals and thus alleviating

animals’ stress in diet selection in extreme emunnents.

Keywords: diet selection, ecological stoichiometry, foragaldy, resource change,

supplemental feeding, West Africa

Introduction
The consumption of an optimal diet enables herlgigdo ingest nutrients important
for their health and performance. Forage qualitythiss an essential factor that

determines strategies of herbivore diet selectiderording to optimality theory,
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which predicts that individuals select a diet giavides them with the maximum net
benefit (Pykeet al, 1977), herbivores prefer a diet of high nutativalue, with
highly digestible or metabolisable energy and a lmmtent of anti-nutritional or
toxic compounds. Grazers are able to digest hifblpus material because of a
larger rumen and slower passage of food throughdigestive system, whereas
browsers are considered to be concentrate seletoaging on an easily digestible
diet rich in crude protein and with a low ligninndent (Tixieret al, 1997; Forsytlet
al., 2005). An interplay between chemical compounasfdrage plants might,
however, lead to a complicated choice of curremeydfet selection, with a trade-off
between nutrient acquisition and the avoidanceedfam plant constituents, to best
satisfy metabolic requirements. Diets containingnaritional compounds such as
lignin and tannins, known mostly for their negateféects on dry matter digestibility
and for certain toxicity for animals (Mueller-Hage2006), are usually avoided or
minimised by herbivores (Cooper and Owen-Smith,5)9Blowever, some of these
compounds produce a positive effect on animal heabntaining, for instance,
antiparasitic or antibacterial properties (Bansd Adeyemo, 2007; Markovicst al,
2012). Alternatively, animals might select dietsthwia higher content of
antinutritional compounds just as a consequencgelgiction for nutrients in plants
which contain only both compounds together (Verleeydixier et al; 2008,
Zweifel-Schiellyet al, 2012).

Currency of selection for diet items is respongivdhe fluctuating availability of
forage plants as well as changes in the concemisatdf chemical constituents in
plant biomass. The availability of forage plantsl éineir quality is strongly variable
in areas with a marked seasonal climate (Fetréd, 1998). During extreme periods,
for instance during the dry season in the Africanasina, the biomass supply is
generally low and nutrient contents decrease bealptimal levels for herbivores
(Stapelberget al,, 200&, b). Animals adopt various strategies to deal wiils,thuch
as migration into more mineral-rich areas (McNaoght1990) or switching or
broadening their diet (Owen-Smith, 1994; Keréyal, 2010). Many studies that test
predictions of the optimality theory that referit@reased/decreased diet selectivity
of animals in response to sufficient/deficient citgrand quality of forage supply
(Stephens and Krebs, 1986), focus predominantlgherplant species level or crude
protein and antinutritional compounds (lignin arahrtin) if they consider plant

chemical properties (Verheyden-Tixiet al, 2008; Zweifel-Schiellyet al, 2012).
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We addressed this prediction from the perspectifvéhe complex interplay of
nutrients, minerals and lignin by assessing howdibeselection of a large antelope,
the Western Derby elanddurotragus derbianus derbianysesponds to changes in
the availability of food resources in a manipulagegberiment. The role of minerals
such as P, K, Ca, Mg, and Na in the optimisatiomlief selection was considered
only recently in emerging theory on understandm@ding for multiple resources in
megaherbivores, for instance in elephants (Ihveagi., 2012; Pretoriust al, 2012)
and black rhinos (van Liverloet al, 2009). To our knowledge, this study is the first
to investigate the drivers of functional respongeliet selection to changes in food
availability on a complex multiple nutrient basts & wild ruminant herbivore.

The Western Derby eland (WDEJdurotragus derbianus derbianusynonymous
with the Western Giant eland), is a large antelolssified as a browser, which
predominantly consumes leaves, flowers, and fafitsoody plants (Hejcmanowt
al., 2010). Due to its critically endangered status tbe Red List, there is an
established semi-captive population of WDE in twanaged wildlife reserves in
Senegal (Kol&kova et al, 2011). In the limiting dry season period, supmatal
feeding occurs as part of WDE management, thusgethgnts behaviour and diet
composition (Hejcmanowvét al, 2013).

The aim of this investigation was to reveal theedeinants of diet selection of a
semi-captive population of Western Derby elandha Fathala Reserve, Senegal.
First, we explored which plant species are preteaby selected and avoided by
Western Derby eland and how the selection of dieaffected by changing food
resource availability. We hypothesised that drivarsliet selection would be more
related to the plant chemical constituent levehttathe plant species level and we
investigated the effect of the interplay betweea thhemical properties of forage
plants (content of macro-elements, fibre fractiamg] lignin) on the diet selection in
the environment with changing food resource avditgb

Materials and methods

Study area

We conducted the study in the Fathala Reserve @R)yrestrial part of the Delta du
Saloum National Park in Western Senegal (13°39%f27'W). The littoral sub-
humid climate of the area has a seasonal charaatbra dry season extending from

November to May and a rainy season from June toli@ct with an annual mean
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precipitation of 1,022 mm. The mean day temperagid.2°C in May and 26°C in
January (1951-2000, Banjul Yundum meteorologicaticst). The area is situated at
the interface of the Sudanese and Sudano-Guineamrsa and contains three
vegetation types: wooded grassland, woodland aedrtnsitional woodland with
dominants of Acacia macrostachyaseveral species of th€ombretumgenus
Piliostigma thonningii, Prosopis africanaPterocarpus erinaceus, Terminalia
avicennoidesandT. macroptera(Z&kovéaet al, 2013). Soils are generally tropical
ferric luvisols and nitosols on plateaux, and wegaléveloped gleysols in the lower
valley. FR is a fenced area of 2,180 ha divided s#veral sections separated by a
fence. We performed this study within a 70 ha exnale maintained for purposes of
conservation breeding of the critically endanger®destern Derby eland
(Taurotragus derbianus derbianug/DE) on a herd of six animals (one male and

five females), the first mixed herd for reproduntizeld there.

Data collection
We collected data in April and May 2008, during tiwe dry season. We selected the
peak of the dry season for the experiment becatiigechighest limitation of food

resources available for herbivores in the area.

Plant species availability and diet selection data

To investigate the animals’ selectivity for plargesies, we used the formula of
Jacobs’ index (Jacobs 1974):Sg-a/ci+a-2Ga, where arepresents the proportion
of each plant species available as forage in tietosuare (values ranged from O to 1)
and ¢ represents the proportion of particular plant gm the animal diet (values
ranged from 0 to 1). To determine the availabladerand to calculate the we set

a regular grid of 19 square plots of 208 ah a distance of 200 m over the enclosure
and collected data concerning woody plant spe@easgposition and percentage cover
of biomass for each plant species till the heigh2.6 m (as being available for the
WDE, pers. obs.) (Table 1). In each plot, we reedrthe complete plant species
composition and percentage cover of each individepkcies, similarly to
Hejcmanova-Nezerkova and Hejcman (2006). We usadt pecies nhomenclature
according to Arbonnier (2002).

We derived the value ofi drom the time spent browsing on that species. To

determine this, we observed six WDE individualstie enclosure directly at a
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distance of 15 to 30 m (Fig. 1), using binoculahew necessary. We usad libitum
sampling of a focal animal during 10 h of dayligmostly from 7:00 to 17:00) for 22
observation days. We repeated focal sampling at baee times for each animal.
We recorded the plant species browsed by antelapeshe time spent browsing on
a particular plant. We calculated Jacob’s indegeadéctivity, $ for ten plant species
(listed in Tables 2 and 3), which were relativelyuadant in the enclosure and
formed part of the WDE diet (investigated by Hejomzaet al, 2013%). Values of

s varied from -1 to 1. Species with=s-1 were never browsed; species with=S
were exclusively browsed; and § 0 means that a particular plant species was
browsed in proportion to its availability.

We calculated the selectivity index for the plapedes in the animal diet for
animals manipulated into two situations regardimg @vailability of food resources:
1) with naturally available food resources withie tenclosure in the hot dry season,
and 2) with food resources experimentally incredsedupplementary food (pods of
Acacia albidg offered to animals in the morning at a predetaediplace in the
enclosure. Both situations were equally represensdigrnating them by three

subsequent days throughout the observation period.

Plant biomass collection and chemical properties analyses

We used ten plant species (listed in Tables 2 arse¢tldcted for the determination of
diet selectivity to explore their chemical propestiand their effect on WDE diet
selection. We collected fresh foliage samples némlant species and one sample of
fruits (pods ofPiliostigma thonningi. In the field, we randomly sampled four
individuals of each species. We chose leaves afoxppately the same phenological
phase. To simulate the foraging behavior of WDEs callected only the leaf lamina
without petioles. All collected samples, includiagsample of the supplementary
food item (pods oA. albidg, were dried in the shade at room temperaturetiaem
transported in paper bags to the laboratory.

In biomass samples, the concentration of macro-@isn(N, P, K, Na, Ca, Mg) and
the content of ash, neutral- (NDF) and acid-detarfjbre (ADF) and acid-detergent
lignin (ADL) were determined; NDF represents calké, hemi-cellulose and lignin
together and ADF represents cellulose and lignlme N concentration in the plant
samples was determined by combustion (950°C) usingECO TruSpec. The

concentrations of P, K, Na, Ca, Mg the samplesvere determined by inductively
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coupled plasma-optical emission spectroscopy (I&SO(IRIS Intrepid 1l XSP
Duo) after a microwave-assisted mineralisation wthOs and HCI (ratio 6:1). Ash
was obtained by heating the samples in a furnabBGfiC to constant weight. All the
analyses were performed in the accredited natitadabratory Ekolab Zamberk
(www.ekolab.zamberk.cz).

Fibre fractions (NDF, ADF, ADL) contents were detaéned by standard methods of
AOAC (1984). The neutral detergent fibore (NDF) waetermined after sample
hydrolysis with a neutral solution of sodium lausglphate. To determine the acid
detergent fibre (ADF), samples were treated with anid solution of
cetyltrimethylammonium bromide. Lignin (acid deteng lignin; ADL) was obtained
after hydrolysis with a 72% 33$Qs solution. Fibre fraction analyses were performed
in the Institute of Animal Science, Prague (wwwwuwaz). We determined the tetany

ratio as the molar K:(Ca+Mg) ratio (Crawfoetlal, 1998).

Statistical analyses

All data met the assumption of normal distribut{¢ested by Kolmogorov-Smirnov
test). To test the diet selectivity of WDE for artpaular plant species (Jacobs’
selectivity index, Si), we used one way analysivariance (ANOVA) followed by
post hoccomparison using the Tukeyhonestly significant difference (HSD) test.
We analysed the effect of supplemental food oncselty (index S) using a general
linear model with the categorical predictors ‘plapecies’, ‘supplemental food’, and
interaction ‘plant species*supplemental food’. At tplant species level, we used the
Student’s t-test to test the difference between tsvo situations of food availability.
We applied one-way ANOVA followed bgost hoccomparison using the Tukesy
HSD test to identify differences in chemical prdps among particular plant
species.

We used linear regression to evaluate the reldtiprisetween chemical properties of
biomass andisWe categorised all the regression analyses by &vailability (No:
without food supplement; Yes: with food supplemene performed tests of
differences between correlation coefficients toedeine the difference in diet
selectivity with and without food supplement.

We evaluated the multivariate data using the maitiate ordination approach in the
CANOCO 4.5 program (ter Braak and Smilauer, 20@®cause of the short
environmental gradient revealed by the detrendetespondence analysis (DCA),
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we used the linear Principal component analysisA)RG test the effect of biomass
chemical properties on diet selectivity in situaowith and without food

supplemention.

Results

Forage availability and diet selectivity for plant species

An important portion of biomass in the enclosureswepresented by dry herbage
with 32.04% mean cover and only a small portionitg herbage biomass (1.25%
mean cover). The most abundant non-woody species gvass,Andropogon
gayanus covering however only 0.83% of area. A total of\B6ody plant species
available was determined, with the most abundaetisp, Icacina senegalensis
Daniellia oliveri, and Combretum glutinosunsovering 9.78%, 7.35% and 6.97%,
respectively (Table 1). A total of 32 woody plapesies from 36 species available in
the enclosure were determined to comprise a patieohatural diet of WDE in the
FR. Anacardium occidentald-icus sp.,0Ozoroa insignisandParkia biglobosavere
not observed to be browsed by WDE.

The WDE browsed selectively on some plant specie®than on others=(12234)=
10.85, P < 0.001). Acacia ataxacanthaPiliostigma thonningii and Terminalia
macroptera were the most-preferred species. In contr&sdcina senegalensis
Lonchocarpus laxiflorusandMaytenus senegalensigere the less-preferred species.
Other plant species were browsed in proportion heirtbiomass supply in the
enclosure. The selectivity indices for 10 seledgecies are given in Table 3.

At the individual plant species level, the increasefood availability by food
supplement had a significant effect on the selggtof only some plant species (Fig.
2): Saba senegalensiSerminalia laxiflorg T. macropteraand pods oPiliostigma
thonningii were species that were browsed conspicuously tsedgc without food
supplement, whereas when the supplemental foodffar®d, they were browsed in
proportion to their availabilityCombretum paniculaturwas the only plant species
selected more in the contrasting situation with doviood resources, i.e., without
food supplement. Other plant species were brows#tkasame level irrespective of

supplemental food (Fig. 2).

Plant chemical properties and diet selectivity

85



The plant species significantly differed in concatbns of all macro-elements (N,
P, K, Na, Ca and Mg), their ratios (N:P, Ca:P stidR), fibre fractions, and ash
content (allP < 0.01). All values for 10 selected species akemiin Table 2 and
Table 3. In comparison to other plant speckesthonningii was the plant with the
most extreme values of macro-element concentratieitis the highest concentration
of P (11.7 g k@) and K (13.2g k@), and the lowest concentrations of N (11.7 g kg
1, Na (0.13 g k@), Mg (1.3 g kg'), and N:P ratio (6.47).. senegalensisiad the
highest concentration of N (25.7 gRgthe lowest concentration of Ca (26.7g'kg
Mg (6.3g kgt), the lowest TR (0.10) and the highest conterastf (103.1 g k§). C.
micranthumhad the lowest concentration of P (1.0 gkdhe highest concentration
of Na (0.36g kg), the highest N:P ratio (22.8) and the lowest eohbf NDF (278.5

g kgh) and ADF (257.7 g k§. The content of ADL ranged from 61.2 gkip C.
glutinosumto 270.1 g kgfin C. paniculatum

The diet selectivity of WDEs showed a significaegative response to N, Mg, Ca
concentrations, ash content and to N:P ratio, i lsguations of food availability,
i.e., with and without food supplement. When foedikability was higher, the diet
selectivity significantly decreased in responsehtgher N concentration in the
biomass P < 0.01 for the difference of correlation coeffitig), and a similar trend
was revealed for the N:P ratiB € 0.09). There was no response of diet selectimity
any situation to P and Na concentrations, to Cat® (Fig. 3 and 4), or to NDF,
ADF, and ADL content in the plant biomass. Dietes#lity in response to K
concentration increased when food supplement wapmoweided to WDES, whereas
in the opposite situation, with increased food Ikmmlity, no response of diet
selection was observed (Fig. 4).

Results of the PCA analysis are presented in tiva i an ordination diagram (Fig.
5). The first ordination axis explained 42% of thpecies data variability and
represented macro-element concentrations, theasrand ash content. The second
axis explained a further 18% of the species datlitity and represented the fibre
fractions. All (four) axes together explained 83%:tle species data variability.
senegalensiandD. oliveri, were plant species related to a high concentraifad
and Mg,P. thonningiiandC. glutinosumwere related to K concentration and TR,
paniculatumandT .laxiflora were related to P concentration, aldataxacanthaC.
micranthum and T. macropterawere related to Na concentration. Diet selectivity

was positively correlated with K concentration ari®l, negatively correlated with N,
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Mg, and Ca concentrations and ash content and badelationship with other
macro-elements and fibre fractions in the biomd&3ist selectivity was stronger
when animals were not fed with a supplement tharenwthey received food
supplementC. glutinosum S. senegalensisand P. thonningiishowed a positive
relationship todiet selectivity and. senegalensigndD. oliveri showed a negative
relationship.

Discussion

Forage availability and diet selectivity for plant species

The diet of the WDE in the Fathala reserve comgreséarge variety of woody plant
species; generally leaves and some types of frefgecially pods (Hejcmanowd
al., 2013&). However, their preference for plant species edirand some plant
species were avoided or not browsed at all, faame,0. insignis which was also
recorded as a species avoided by the giraffe (Daraind Adhiambo, 2013). Many
selected plant species were reported to be browshdpreference by other large
herbivores in Africa.A. ataxacanthathe most selected plant by WDEs, is also
preferred by elephants (Chira and Kinyamario, 200&itle, sheep, and goats (Sanon
et al, 2007). Highly selected pods Bf thonningiiwere reported to be consumed by
livestock (Ouédraogo-Konét al, 2006) and are available at local markets as a
traditional “commercial” food supplement for livesk. Representatives of the genus
Terminalia were recorded in the diet of kudus$. (prunioides Hooimeijeret al,
2005), elephantsT( brownii Biru and Bekele, 2012), cattl&.(sericea Katjiua and
Ward, 2009) and goat3 (brownii Yaynesheet al, 2008). These plant species offer
not only a high content of nutrients to animalst ailso antibacterial (Silvat al,
2002), antifungal (Batawil&t al, 2005), and anti-inflammatory (Ibewuile al,
1997) properties and are traditionally used in huraad veterinary medicine. The
pronounced avoidance dtacina senegalensiand Maytenus senegalensisas
correlated with the content of anti-nutritional qoounds (Neuwinger, 1996). The
reason for the avoidance bbnchocarpu laxiflorudoy WDESs is not clear, as the
species is widely used as forage in West Africalfloeiérou, 1980).

The high diversity of plant species composition @adection for particular plant
species in the diet of WDESs represent an evolutioadaptation to a highly varied
content of nutrients and/or toxins. This agreeshwite satiety hypothesis, which

attributes changes in diet preferences to a trahagersion to food just eaten
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(Provenzaet al, 2003). Feeding on a particular species leadsatation by a

particular flavour, nutrient or toxin and consediierthe preference for this species
subsequently decreases (van Livera@l, 2009). The consumption of a diversified
diet thus helps the animal to ingest a balancetadid to avoid an excess intake of

nutrients or toxins and maintain a diverse micnaflm the rumen (Provenza, 1995).

Plant chemical properties and diet selection: multiple trade-offs

Compiling the appropriate combination of nutriergsa necessary part of animal
strategy to cope with limited resources availablé¢hie African savanna in extreme
periods of the hot dry season. Apart from metabdimands, the driver of diet
selection becomes the deficiency of a particuldrient in the animal’s immediate
environment (Augustinet al, 2003; Pretoriugt al, 2012) and these might not be
comparable among different regions as deficienaiesitrients, particularly in N and
P, are site-specific (Elset al, 2000; Lamberset al, 2010). For example, the mean
N concentration in plants in our study was slightbwver than the mean N
concentration of foliage in two different areasSouth Africa (21 and 24 g Ky
(Codronet al, 2007; van Liverlocet al, 2009), but similar to that in another South
African savanna late in the dry season (19.4¢) Kglooimeijeret al, 2005). At the
individual plant species level, the N concentratio\. ataxacanthan the FR was
markedly higher than in Waza National Park in Caroer(10.6 g kg, leaves +
twigs) (Foguekenet al, 2011), but lower than that in the area adjateriliwange
National Park in Zimbabwe (41.8 g kgleaves) (Holdo, 2003). Foliage @.
glutinosumhad a similar N concentration to that of this gtird Niger (19.2 g kg,

Le Houérou, 1980), but varied from that reporteoinfrCameroon (10.2 g Kg
Foguekemet al, 2011). Similarly, the P concentration of studmdnt species was
lower than that from South African species (vanetigoet al, 2009) and Zimbabwe
(Holdo, 2003) and was generally very low, to sgtishimal P requirements. Plant
species in the FR were also particularly deficienK in comparison to plants in
South Africa (range between 9 and 35 ¢'kgvhereas an excessive content of Ca in
forage plants was comparable to that in other regg(@an Liverlocet al, 2009).

Fibre fractions, namely ADF and lignin in plants tile FR were conspicuously
higher than in South Africa (range between 57 &®idd kg*, Codronet al, 2007) or
Zimbabwe (range between 47 and 216 g'kdierenfeld et al, 1995) and
considerably exceeded optimal values for cattlendde food resources for
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herbivores in the FR appear to be limited and uwnfave due to low P and K
concentrations, with high concentrations of Ca, AD&hd ADL acting as
antinutritional compounds, decreasing the digdgylof forage.

The foraging strategy of WDEs in the FR reflectedse multiple limitations by
selectivity for more K and P in the diet and/oriagaCa, Mg, N, the N:P ratio, and
ADL. The Ca:P ratio occupies a special positiorthie multiple nutrients complex,
which acts in animal bone growth and structure,nietabolism of proteins, fats and
sugars and during gestation and lactation. Thecidefty of P in the diet is
intensified by excess Ca and might have negativaseguences on animal
reproduction; it might lead to a delay of sexualum#y, an increase in embryonic
mortality and to a decrease in food intake and egusnt weight loss (Ricketts al.,
1970). This might be the reason why the WDEs inRhthala Reserve appear lean
and must be fed with supplements during the drg@®aMoreover, they have a
lower reproductive rate in the FR in comparisothi® second conservation breeding
station in the Bandia Reserve, Senegal (Ka&a et al, 2011). The animals thus
cope with both the deficiency of P and excess obgZaelection for P and against Ca
in forage. Selection for K and for a higher tetaatio, despite K concentration in
plants in our study falls within the optimal levéts animals and is a consequence of
selection against Ca, because K and Ca have agoamgtc relationship in plants
(Jakobsen, 1993).

The WDES’ selectivity for N was negative, althoutjle N content in plants in the
FR was at a sufficient level for animals. This tielaship is connected to the
stoichiometry of N and P in plant tissues and thienal body. Whereas the N:P ratio
in woody plants being used as leaf fodder for atsnranges from 10 to 13
(Hejcmanovéet al, 201d) or from 6 to 9 in plants of high quality meadowayh
(Hejcmanet al, 2012), the N:P ratio of a large-sized animal lb@sn estimated to be
9.6 (Sterner and Elser, 2002), corresponding tor@btvalues for cattle, which range
between 5-10 (Whitehead 1995). Hence, herbivor&mba their diet similarly to
animals foraging on plants with a higher N:P rabalance their diet, to match the

N:P ratio of their body as well as possible.

Diet selection in response to increased food availability
The foraging theory predicts that animals feed ne@iectively when the quantity
and quality of food increases (Stephens and Kr&B86). In contrast to foraging
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theory predictions, increased food availability\ypded by supplemental feeding had
no or a decreased effect on the WDE diet selegtatitboth the plant and nutrient
levels. Supplemental food offered to animals hadiff@erent nutrient composition;
specifically, pods ofA. albida contained substantially lower Ca and Mg together
with higher K, and consequently a substantiallydowa:P and tetany ratio. There
was also a slightly lower N:P ratio and lower ligrmiontent. Supplemental food thus
probably contributed to an alleviation of the arlshaselection against some
elements rather than providing more energy. A similutrient composition t@.
albida pods was found in pods Biliostigma thonningii a native plant species in the
FR.P. thonningiibelonged to the highly preferred diet, but WDEsA®ed on it only
when they were not offered supplementary food. Tinilécates that these two food
resources are mutually substitutable and this tigdnight take important part of

animal and vegetation management in wildlife resgrv

Management implications

The results of this study indicate that diet sébecof WDEs in the FR cannot be
explained by a single element, but the multipleieat environment plays a crucial
role in the diet selection of large herbivores. ¥da conclude that in nutrient-limited
and antinutritional compound-rich environment, aalgnselect their diet not only in
search of covering their nutrient requirements, blso to avoid antinutritional

elements. Therefore, the value of supplementalirigeldy A. albida pods used as

management tool in wildlife reserves lies in pravgdfood with a lower load for

metabolic processes in animals and in thus alleganimal stress in diet selection

in extreme environments.
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Figure 1. Western Derby elands in the Fathala Reserve i8:28)0direct observation
of focal animal (Photo by M. Hejcman); b) male oe¥tern Derby eland browsing

leaves ofCombretum paniculaturgPhoto by M. Z&kova).
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Figure 2. Selectivity of Western Derby elands for particutdant species without
and with offered food supplement in the FathalagResduring April and May 2008.
The error bars indicate SE. The significant resoftStudents’ t-test is indicated by

*(P < 0.05) or *( < 0.01). For abbreviations, see Table 1.
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Figure 3. Response of Western Derby elands’ diet selecttaityoncentrations of a)
nitrogen, b) phosphorus and c) N: P ratio in plaimmass in two situations of
availability of food resources: without (NO) andthv(YES) food supplement, the
Fathala Reserve (2008).
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Figure 4. Response of Western Derby elands’ diet selecttaityoncentrations of a)
potassium (K), b) magnesium (Mg), ¢) calcium (Cap al) Ca:P ratio in plant
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Figure 5. Ordination diagram showing results of the principanponent analysis of
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ADL, acid detergent lignin.
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Table 1. List of plant species browsed by Western Derbgala the conservation

breeding enclosure in the Fathala Reserve and owaean of their live biomass (%)

in April and May 2008.

Plant species

Abbreviation Family

Mean cover (%)

Acacia ataxacantha AcAt Mimosaceae 2.46
Albizia chevallieri AICh Mimosaceae 0.21
Anacardium occidentale  AnOc Anacardiaceae 0.26
Aphania senegalensis ApSe Sapindaceae 0.61
Azadirachta indica Azin Meliaceae 1.71
Combretum glutinosum CoGl Combretaceae 6.97
Combretum micranthum  CoMi Combretaceae 0.68
Combretum nigricans CoNi Combretaceae 1.03
Combretum paniculatum  CoPa Combretaceae 6.16
Combretunsp. CoSp Combretaceae 0.68
Daniellia oliveri DaOl Caesalpiniaceae 7.35
Detarium microcarpum DeMi Caesalpiniaceae 1.18
Dichrostachys cinerea DiCi Mimosaceae 0.21
Diospyros mespiliformis DioMes Ebenaceae 0.13
Erytrophleum suaveolens ErSu Caesalpiniaceae 0.32
Ficussp. FiSp Moraceae 0.32
Gardenia erubescens GaEr Rubiaceae 0.03
Guiera senegalensis GuSe Combretaceae 0.13
Icacina senegalensis IcSe Icacinaceae 9.78
Lannea acida LaAc Anacardiaceae 0.11
Lannea velutina LaVe Anacardiaceae 0.04
Lonchocarpus laxiflorus LoLa Fabaceae 0.63
Maytenus senegalensis MaySn Celastraceae 0.22
Ozoroa insignis OzIn Anacardiaceae 0.25
Parkiabi globosa PaBi Fabaceae 0.25
Piliostigma reticulatum PiRe Caesalpiniaceae 3.84
Piliostigma thonningii PiTh Caesalpiniaceae 0.11
Pterocarpus erinaceaus PtEr Fabaceae 0.42
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Prosopis africana PrAf Fabaceae 0.55
Saba senegalensis SaSe Apocynaceae 2.63
Sarcocephalus latifolius Sala Rubiaceae 0.42
Sclerocaryabirrea ScBi Anacardiaceae 0.11
Strychnos spinosa StSp Loganiaceae 0.03
Terminalia laxiflora TelLa Combretaceae 3.00
Terminalia macroptera TeMa Combretaceae 0.84
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Table 2.Concentration (mean + standard error of mean) d¢#,\, Na, Ca,

species collected in the Fathala Reserve during Apd May 2008.

Mg and N:P, Ca:P ratios and tetatig {TR) in biomass of studied

Species N(@gkd) P(gkg) K(gkg!) Na(gkg) Ca(gkg) Mg(gkgh TR N:P ratio  Ca:P ratio
Acacia ataxacantha 20.8+2.8* 1.2+0.17* 3.5+0.6 0.32+0.05° 20.0#5.0¢ 2.3+0.F 0.11+0.03 18.4+1.8° 20.2+6.7
Combretum glutinosum 18.0+1.6° 1.3+0.13* 6.4+0.F* 0.19+0.02° 8.3+1.5 2.8+0.4" 0.27£0.03 13.8+0.8 6.7+1. 7
Combretum micranthum 22.7+1.%° 1.0+0.04 8.0+1.0™ 0.36+0.02 18.1+2.3°  3.3+0.3 0.18+0.02 22.8+1.% 18.4+2.9"
Combretum paniculatum 24.3+2.2¢ 1.7+0.1% 5.9+0.4> 0.21+0.0%°* 16.8+4.8" 3.9+0.9¢ 0.16£0.05 14.1+0.8 10.0+3.6™
Daniellia oliveri 19.9+0.5 1.3+0.1% 4.6+0.3° 0.23+0.0%% 16.6+1.3% 4.8+0.2¢ 0.10£0.0f 15.6+1.3 13.2+1.9%
Icacina senegalensis 25.7+1.4c 1.4+0.04 5.9+0.4> 0.20+0.0%* 26.7+3.9 6.3+0.7 0.10+0.03a 18.42+1.6° 19.3+3.1¢
Piliostigma thonningi{pods) 11.7+1.3  1.8+0.13 13.2+0.8d 0.13+0.0f  5.9+0.4¢° 1.3+0.F 0.85+0.07 6.47+0.8  3.3+0.3¢
Saba senegalensis 19.2+0.3" 1.3+0.03* 8.3x1.0° 0.26+0.02* 15.8+0.8°* 3.4+0.3*  0.20+0.03 15.08+0.3 12.4+0.9"
Terminalia laxiflora 15.4+0.%° 1.1+0.08* 4.9+0.3° 0.22+0.0%°* 9.7+0.8 2.8+0.2*  0.17+0.0f 13.86+0.8 8.6+0.3™
Terminalia macroptera 14.1+2.3° 1.3+0.39* 5.9+2.4° 0.30+0.02¢" 19.4+1.7 4.7+0.%° 0.13+0.08 13.11+1.9 21.8+7.0
Mean 19.4+0.3 1.3£0.02 7.0x0.2 0.23+0.005 14.6+0.53.4+0.1 0.29+0.02 15.14+0.3 12.4+04
Acacia albida(pods) 21. 2 1.4¢ 10.3° 0.15¢ 3. 1.4 0.9¢ 14.89 2.2
optimum range for cattle 19.2-256 2.3-3.7 5-10 2.9-5.8 1.5-3.5 1-2.2 5-10 1-2

Calculated by one-way ANOVA, differences among sgetor all chemical properties were significalt{ 0.01). Using Tukepost-hoccomparison test, species with the
same letter were not significant.
Optimum range for cattle follows Kudrna (1998) alditehead (1995).
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Table 3. Concentration (mean * standard error of mean) otrabdetergent fibre (NDF), acid detergent fibADE), acid detergent lignin
(ADL) and ash in biomass of studied species calddh the Fathala Reserve during April and May 2G0®I selectivity index {sof studied

species.

Species NDF (g kg) ADF (g kg') ADL (gkg?) Ash(gkgh) Si
Acacia ataxacantha 427.3+52.9 373.5+26.2* 263.9+15.2 80.3+16.2* 0.51
Combretum glutinosum 393.1+8.8> 321.2+8.%° 61.2+4.0 45.2+6.2¢ -0.21
Combretum micranthum 278.5+7.8 256.7+6.5 133.2+12.6 74.7#6.7° -0.35
Combretum paniculatum  440.0+26.% 421.5+19.6f 270.1+13.4 70.9+13.#* 0.19
Daniellia oliveri 495.8+33.8 415.4+13.% 226.7+13.& 82.3x3.7 -0.34
Icacina senegalensis 472.3+10.7 356.6+7.4% 149.317.8 103.1£9.8c -0.93
Piliostigma thonningii{pods) 447.5+12.9° 418.845.6" 180.9+13.8 45.3+2.%¢ 0.41
Saba senegalensis 437.3+34.9 400.2+20.8° 265.8+29.4 75.0+x2.4>* 0.24
Terminalia laxiflora 460.6+12.8 428.6+3.5 190.8+10.% 49.1+3.9°* -0.02
Terminalia macroptera 345.1+15.6¢ 338.7+10.6' 129.4+18.3 85.0+1.%° 0.37
Mean 417.2+4.0 374.2+£3.4 183.1+4.4 67.4£1.4 NA
Acacia albida(pods) 392.0+2.3%  384.945.9°  142.6+2.2 31.0 NA
optimum range for cattle 330-450 190-300 max. 80

Calculated by one-way ANOVA, differences among sgetor all chemical properties were significalt{ 0.01). Using Tukepost-hoccomparison test, species with the

same letter were not significant.

Optimum range for cattle follows Kudrna (1998) alditehead (1995).
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Abstract

Context. Although counting faeces is an important and widebed method for
censusing wildlife some limits of this techniquevddeen discussed. Observer bias
has been pointed out as a potential source ofserror

Aims. Our study aimed to assess the reliability of obmer in the antelope pellet
count technique in the West African savanna dutirggdry season in the Niokolo
Koba national park, Senegal. We compared the wlafitobservers to detect faeces
in relation to their personal characteristics. Aidtally, we evaluated the spatial
distribution of antelopes within the park by tegtidifferences in faeces occurrence
among eight zones of the park.

Methods. In two consequent years, four and five observersasious sex, higher
education and experiences collected faeces daliaeitransects at mutual distance
of 20 metres to have the same probability of figdpellets. From each group one
pellet sample was collected and consequently casgbaccording to its size.

Key results. Average number of pellet groups recorded by aflepbers per 1 km
differed significantly among investigated zones wileyaluated all size categories

together as well as separately. Testing all zonespellet size categories together,

107



the most efficient in finding antelope pellets warele observers with higher
education in nature conservation regardless expegien 2006, and observers with
higher education in nature conservation regardlaesis experience and sex in 2007.
In 2006, testing all zones separately and all paitee categories separately, there
was no significant difference in number of recorgetlet groups among observers.
In 2007, testing all zones separately, differenagsng observers in number of
recorded pellets groups were relatively scarcerandom for zones.

Conclusions. Our pellet counting reflected perfectly spatiatdbution of antelopes
within the park. In conditions of West African wgodavanna during the dry season
the counting of antelope pellet groups was equadliyable for all observers
regardless to their personal characteristics.

Implications. The pellet count technique, if well-designed andsesbers well-
briefed, represents an effective tool for wildlifeanagers and conservationists,
especially due to its simplicity, cost- and labetfectiveness, and applicability over

large areas in a short time.

Additional key words: accuracy, censuspserver bias, pellet group, population size

Introduction

Knowledge of animals’ population size and its clesgs an important issue for
wildlife conservationists and managers. Howevetyaagopulation size is unknown
for most wild populations and its estimation may difficult. A number of direct
methods for animal population size estimation iailable, such as ground and air
counting of animals (Caro 1999; Chamaillé-Jammiesal. 2007; Morleey and van
Aarde 2007; Stoneret al. 2007), mark-resight and mark-recapture technique
(Strandgaard 1967; Rice and Harder 1977; Shaughm¢ss. 2000), photographic
techniques (Maddock and Mills 1994) and camerastré@gpowcliffe et al 2008;
Tobleret al 2008; Rovero and Marshall 2009), or hunter okséya (RGnnegaret
al. 2008). These methods might be associated wilbwsaproblems, biases, limited
application or financial demands (Redfern et aD2Q.inklater and Cameron 2002;
Hone 2008; Ferreira and van Aarde 2009; FlemingTaadey 2008). Hence, indirect
methods, for instance call-in surveys using respaiedthe playbacks (Ogutu and
Dublin 1998; Millset al. 2001), counting animal trackBZieciolowski 1976 Gusset

and Burgener 2005) or faeces observation are frélyugsed.
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Counting faeces belongs to an in-expensive cersiigue which has been applied
for a wide array of vertebrate species ranging fesnall animals, for instance lizard
(Avery and Perkins 1989) or rabbit (Wood 1988),big ones such as kangaroo
(Vernes 1999), white-tailed deer (Mandujano andi@altl995), sika deer (Marques
et d. 2001), kudu (Ellis and Bernard 2005), moose Kdaen and Heikkila 1999) or
elephant (Barnest al. 1995). Nevertheless, several sources of inaccutacseasing
the reliability of this technique were pointed obtr instance, individually, locally
and seasonally differentiated defecation rates wedely reported (Rogers 1987;
Sawyeret al. 1990; Anderseet al. 1992). Similarly, fluctuations in faeces decatgra
depending on season and weather (Iborra and Lurh@®&t Hone and Martin 1998),
environment (Harestad and Bunell 1987; Plumptre Biadris 1995) and insect
activity (Neff 1968) were intensively studied. Ldstt not least, faeces surveys were
also criticised for the potential bias due to indal observer during the data
collection (Neff 1968; Bulinski and McArthur 200Qenkins and Manly 2008),
however conclusions remain inconsistent In spitethaft, faeces counts remain
among practical census methods of animals in soeesauch as forest (Barnes et
al. 1995) or where animals are difficult to be daahdirectly (Vernes 1999).

The aim of our investigation was to assess thabiidilly of observers in the antelope
pellet count technique in the West African savadnang the dry season in the
Niokolo Koba national park in Senegal. Namely, waed to compare the ability of
observers to detect faeces in the field in relattmtheir personal characteristics such
as sex, higher education in the domain of naturesexwation and previous
experience with field data collection. Togetherhwihat, we evaluated the spatial
distribution of antelopes within the Niokolo Kobaational park by testing

differences in faeces occurrence among selectegszuithe park.

Methods

Study area

The study was carried out in the Niokolo Koba raiopark (NKNP) in south-
eastern Senegal (Fig la). It covers the area of IBha and extends between
12°30° - 13°20° N and 18°30" - 13°42" W. The reldf NKNP is flat with the
average sea level of 100 — 150 m, only its sousitega part elevates to 311 m. Soils
are predominantly ferric luvisols, lithosols, regtss alluvial and hydromorphic. The

climate is characterised by alternating dry seatasiing from November to June,
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and rainy season from July to October. The anraiafall ranges from 800 to 1100
mm. The average monthly temperatures are 25° C fdawvember to January and
33° C from April to May (Tambacounda and Kédougoateorological stations).
The area belongs to the Sudanian and Sudano-Gusaganna (White 1983) and the
most extensive vegetation cover is formed by tathsg and woody savanna
(Hejcmanova-Nezerkova and Hejcman 2006). Theranis species of antelopes in
the NKNP (see Table 1) with total abundance esaohaetween 1700 (Renaatlal
2006) and 40 700 individuals (Gakttal 1998).

Observers

Data were collected by four and five observers @& and 2007, respectively. In
both years altogether data were collected by eajidervers, observation leader
participated in both years. They were both maled fmmales, with and without

higher education in nature conservation, experi@raed inexperienced in pellet
counting. In 2006, experienced male with highercadion in nature conservation
(MEE), inexperienced male with higher educationnature conservation (MIE),

experienced female with higher education in natoomservation (FEE1l), and
inexperienced female with higher education in ratwonservation (FIE1)

participated. In 2007, experienced male with higiducation in nature conservation
(MEE), two inexperienced males without higher ediocain nature conservation

(MIN1, MIN2), experienced female with higher educatin nature conservation

(FEE2), and inexperienced female with higher edanain nature conservation

(FIE2) participated.

Sampling design and data collection

Data collection was carried out in April 2006 ar@?2 in eight zones of NKNP (Fig

1b, Table 2). Each observer collected data ontlaesects which were delimited 1
km long and 2 m wide. Observers started to colict to count pellets on the same
site at the same time and walking alongside eabbraat mutual distance of 20

metres. In each zone 9 - 43 sites with separatesdcas for each observer were
delimited (Table 2).

On each transect the pellet groups were countedfrand each group one pellet

sample was collected. The pellet samples were qoesdly measured for the

purpose of size categorization. Size categorie® wletermined on the basis of the
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relationship between pellet diameter and estimateidht of the animal (Homolket

al. 2006).

Finally, six pellet size categories were determi(iable 1), but for the purpose of
data analysis pellet size categories were groupdtiree size groups of antelopes:

small (1-2), medium-sized (3-4) and large (5-6).

Data analysis

To meet the assumption of normal distribution, da¢a were log-transformed and
tested by Kolmogorov-Smirnov test. Log-transforndedia were used in all analyses.
All analyses were performed for years 2006 and Z@&parately.

The differences in the abundance of pellet groupsra various zones in the NKNP
were tested using one way ANOVA for all pellet scadegories together and then
separately. Post-hoc comparisons using HSD Tukegtswere performed.

The differences in the number of recorded pelletigs among observers were tested
first for all zones and pellet size categories thgeand then for each zone of the
NKNP separately in order to take into account waibabitats which could influence
occurrence of animals and visibility of pellets.eOray ANOVAs were performed
for all analyses followed by post-hoc comparisonDHBRukey’s test in the case of

significant results of ANOVA.

Results

Abundance of pellet groupsin the NKNP

Average number of all antelope pellet groups reedrioy all observers per 1 km of
transect was 9.5 (0.2 SE) and differed signifigaamong investigated zones (F =
41, df =7, P < 0.001). The highest number of apielpellet groups was recorded in
Lenke Kountou (14.4 pellet groups per 1 km + 0.6 &kd the lowest in Dalaba (5.8
pellet groups per 1 km £+ 0.3 SE). The number oélape pellet groups differed also
among investigated zones in all three size categoseparately (all P < 0.001)
(Figure 3). Small sized antelope pellets (sizegmte 1-2) were the most abundant in
Assirik and the lowest in Simenti. Medium sizededope pellets (size category 3-4)
were the most abundant around Gambia River andd-&auntou while the lowest
in Dalaba. For large sized antelope pellets (setegory 5-6) the highest number

was recorded in Lenke Kountou and Mansa Farapthedt in Simenti.
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Effect of observer

In 2006, the most efficient in finding antelopelptd were observers MIE and MEE
which recorded almost two pellet groups more thagk Bnd FIE (for all zones of the
NKNP and all pellet size categories togethey,s5 = 5.5, p< 0.001). However,
testing all zones separately and all pellet sizegmies separately, there was no
significant difference in number of recorded pefjetups among observers (for all p
> 0.05).

In 2007, the most efficient in finding antelopelptd were observers FIE and MEE
which recorded two and three pellet groups mora fREE and MIN, respectively
(for all zones of the NKNP and all pellet size gaiges together, F460= 4.4, p =
0.004). The same pattern in recording pellet growps found for all three size
categories separately, although for small and larged pellets non-significantly (for
medium sized pelletssfzes= 6.8, p < 0.001).

Testing all zones separately, differences amongrebss in number of recorded
pellets groups were relatively scarce and randamzdoes. For all size categories of
pellets together, the average number of all recbyuidlet groups together differed
significantly (p< 0.05) among observers only in Dalaba and Lenkenkmy for
small sized pellets it was only in Dalaba and fadmm sized ones it was only in
Simenti. In any other zone, number of recordedepejfoups of all size categories

did not differ significantly among observers (fér@a> 0.05).

Discussion

Abundance of pellet groupsin the NKNP

Although we do not estimate the abundance of améslan the park itself, because of
lack of necessary information, especially the dalifecation rate of particular
antelope species during the dry season and persestaf antelope pellets in the
environments, our results on abundance of antgb@ftiets perfectly correspond to
results of aerial count in 2006 (Renaatdal. 2006), namely the highest abundance of
antelopes in the core area of the park. Zones siriksLenke Kountou and Mansa
Fara provide appropriate and diverse habitats Itardaklope species in the NKNP.
Only medium-sized antelopes comprise bushbuck aig koth needing habitats
with denser vegetation cover and water, are mou@@mt around the Gambia river.
The zone of Simenti is also the area with densgetation cover and with several
large marshes offering to antelopes bound to whkitdta appropriate environments,
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but there were very low numbers of antelopes. Was probably due to two
potential reasons: first, marshes are invadeMinyosa pigraandMitragyna inermis
(Howard et al. 2007) and by consequence continuously dried up lasdhg
attractiveness for animals; or second, the toarisgntre and humans near the
principle marsh could disturb them. Simenti repnésehowever, the touristic centre
since the foundation of the national park, so tmrenmental factor for the decline
of antelopes in the Simenti zone seems more prebabl

There could be, theoretically, other reasons fadifig differences in records of
antelope pellets such for instance the effect getegion on potential overlooking of
faeces in various habitats (Mcintosh al. 1995; Bullinski and McArthur 2000) or
the effect of variable pellet persistence and wligtdue to moisture (Van Etten and
Bennett 1965; Harestad and Bunnell 1987). Consigethat some zones with
comparable vegetation differed in records of numioér pellet groups, and
conversely, some zones of various habitats didwetexplain this discrepancy more
likely by unequal utilisation of the park area bgimals. Spatial distribution of
antelopes in the NKNP delimits predominantly hunaantivities with abundance
being lowest in areas disturbed by human activitimst other than poaching.
Namely, zones of Dar Salam and Niokolo road aré ladfected by easy access by
people from surrounding villages into the park expig available natural resources
for intensive livestock grazing, crop cultivatiowjld plants harvesting. Around
Niokolo road there is also an effect of disturbarge intensive traffic on the
(inter)national road leading to neighbouring MatidaGuinea. Dalaba is the zone
which lies inside the park, there was however |t illegal timber logging
activities, together with obvious livestock graziagd other agricultural activities.
Poaching has been identified as the most intensiside the park (Renaud et al.

2006), in the core zone with highest abundancargkl herbivores.

Effect of observer
Despite pellet counting is an important and wideagrtechnique (Barnes 2001), its
reliability and limits have been discussed (Full881). Possible sources of bias of
the technique were reviewed by Neff (1968) who noereid observer bias as the
trickiest problem.
Among the most relevant errors belong missed pgii@tips (Van Etten and Bennet

1965), which could be caused, for instance, by ffitsent concentration and
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boredom, both difficult to measure but easily etiable by appropriate motivation.
We did not observe this during our investigatiorpybe due to counting pellet
groups on the 1 km transect together with collgcpellet samples in paper bags for
measuring of pellet diameter and identificationaotelope species or at least size
category. Consequently we interrupted the courtinnthese small activities and this
definitely maintained the observers’ attention. Alhe designed distribution of
transects over zones made the pellet countingestiag. We therefore agree with
Smith (1968) that the smaller plots are more ddfitithan larger ones, although he
pointed out at once that too small plots may prevayerestimated data due to
counting in groups laying on the plot perimeterstime areas strip method can give
more accurate results than plot sampling (Hark@mehHeikkila 1999).

Another important and frequently mentioned factoteptially causing the bias in
pellet counts is the observer’'s experience (VaerEdind Bennet 1965). Similarly as
Bulinski and McArthur (2000), we did not found adgference in records of pellet
groups between experienced and inexperienced aservneither other
characteristics evaluated in our study (sex andhdrigeducation in the domain of
conservation). We consider therefore some scarfferehices in pellet groups
recorded by observers as accidental.

The variability in faeces detection could be astiimot only to observer skills, but
more likely to combination with other factors suabk vegetation conditions and
animal species (Jenkins and Manly 2008). Our studg designed in the way to
avoid these factors, it means all observers hathegsame probability to detect or
not the faeces, and to be practical at once. Thativobserver biases associated
with overlooking of faeces at the same transechiwibne zone were low, in line
with Bulinski and McArthur (2000), and differencé@s records of pellet groups
among zones were related with real variable spdisdtibution of antelopes in the
park. Potential misidentification of faeces by aoltse may represent also a serious
problem (Neff 1968; Johnson and Jarman 1987; Bkiliasd McArthur 2000),
therefore we eliminated it by direct sampling ofaeded pellets for further precise
identification of antelope species or at least saegory. We admit that this way is
time consuming and labour demanding after cousts@ally in large-scale surveys
and in temperate zones where pellets may not bedny, storable and consequently
identifiable later after the field work. On the ethhand, if conditions allow this for

longer time such in the dry season in a tropicgiar it brings the added value to
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the whole survey. The precise identification ofnaali species by faeces directly in
the field could be complemented by observatiorrades or other indirect indices of
presence by very experienced local people (huntangiers, etc.) (Prins and Reitsma
1989; Nchanjet al 2008; Funstomet al. 2010), but these associated activities would
be probably more appropriate for monitoring of aafic species, because it could
affect the counting itself.

Conclusion

We may conclude that our pellet counting in the NKMeflected perfectly spatial
distribution of antelopes within the park, althougle could not crown it by any
concrete estimate of population size of anteloperigg. We also conclude that in
conditions of West African woody savanna during thig season the counting of
antelope pellet groups was equally reliable forohiservers regardless to their sex,
higher education and previous experience with gikefpcount. We suggest therefore
that pellet count technique, if well-designed anisesvers well-briefed, still
represents an effective tool for wildlife managansl conservationists, especially due
to its simplicity, cost- and labour effectiveneasd applicability over large areas in a
short time.
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Table 1. Antelope species, their estimated body weightepsikze and limits used
for identification of size category.

Pellet
_ Body weight  diameter Limits
Species (kg) (mm) (mm) Size category
min. max. min. max. min. max.

Cephalophus rufilatus 6 14 3.6 4.9 350 4.60 1
Sylvicapra grimmia 12 26 46 5.7 461 6.00 2
Ourebia ourebi 12 22 46 6.2 461 6.00 2
Tragelaphus scriptus 24 80 6 9.3 6.01 830 3
Kobus kob 60 120 84 108 831 1080 4
Alcelaphus buselaphusl16 218 10.7 13.5 10.81 15.10 5
Kobus ellipsiprymnus 160 300 12 15.2 10.81 15.10 5
Hippotragus equinus 220 300 135 15.2 10.81 15.10 5
Taurotragus derbianus300 900 15.2 21.7 15.15 21.70 6
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Table 2. Description of the habitat in study zones. Vegetatclassification and

description was applied according to Lawesson (L 996jcmanova-Nezerkova and

Hejcman (2006) and own observation.

Zone

Number Habitat description

of sites

Assirik

17

Large elevated plateaus in hilly arezered by woody savanna
by Combretum glutinosurAnnona senegalenssommunity and
tall grass Andropogon gayanjysmosaic, alternating with open
areas with short grasses (e§chizachyrium purpureymon
plinthitic hardpan.

Dalaba

41

Flat plateau area with woody savanna maed byCombretum

glutinosumAnnona senegalensicommunity and tall grass
(Andropogon gayanys mosaic with abundantCombretum
nigricans Terminalia avicennoides Crossopteryx febrifuga,
Pterocarpus erinaceusGrewia bicolor Guiera senegalensis
Lanneaspp.,Maytenus senegalensiad others.

Dar
Salam

21

Flat plateau area with woody savanna dominaye@dmbretum
glutinosumAnnona senegalensicommunity and tall grass
(Andropogon gayanys mosaic with abundantCombretum
nigricans Terminalia avicennoides Crossopteryx febrifuga,
Pterocarpus erinaceusGrewia bicolor Guiera senegalensis
Lannea spp., Maytenus senegalensiand others. Vegetation
structure is affected by intensive livestock grgzin

Gambia
river

21

Transition zone between woody savanna and gdibeest with
tall trees and dense ground cover. Dominant speuwies
Anogeissus leiocarpus, Bombax costatum, Borasstisopam
Mitragyna inermis, Pterocarpus lucens, Saba seregas

Lenke
Kountou

43

Flat plateau area with woody savanna dominaye@dmbretum
glutinosumAnnona senegalensicommunity and tall grass
(Andropogon gayanys mosaic with abundantCombretum
nigricans Terminalia avicennoides Crossopteryx febrifuga,
Pterocarpus erinaceusGrewia bicolor Guiera senegalensis
Lanneaspp.,Maytenus senegalensiad others.

Mansa
Fara

27

Transition zone between grassland/woodland datedh by
Afzelia africana, Cordyla pinnataErythrina sigmoidea Cola
cordifolia, Detarium microcarpum Raphia palm-pinus thickets
and gallery forest Hrythrophleum suaveolensDiospyros
mespiliformis Anthostema senegalefse

Niokolo
road

39

Flat plateau area with woody savanna dominaye@dmbretum
glutinosumAnnona senegalensicommunity and tall grass
(Andropogon gayanys mosaic with abundantCombretum
nigricans Terminalia avicennoides Crossopteryx febrifuga,
Pterocarpus erinaceusGrewia bicolor Guiera senegalensis
Lanneaspp.,Maytenus senegalensiad others.

Simenti

Located in the middle of the Gambia rivalley. Large flat areas
flooded during rainy season — grass and herbs ddedn Closer
to the river - a dens@rewia lasiodiscus- Alophylus africanus
thicket vegetation. At drier river banks Sahelo-&udn flora,
with species such ascacia macrostachyaAnnona senegalensis
Combretum nigricanandZiziphus mauritiana
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Figure 1. Map of (a) Senegal and (b) Niokolo Koba NationalkRaith the location

of the study zones.
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Figure 2. Pelletssamples of antelopes in the Niokolo Koba natiqraak.
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6. KOMENTAR K VYSLEDK UM DIZERTA CNi PRACE

Bylo prokazano, Ze nevhodny management vede viahdnsemi-aridnich savanach
ke ztrat rostlinné diverzity a o velké intenzi¢ i k postupné destrukci celého
ekosystéemuGlantz & Orlovsky, 1983; Lindgvist & Tengberg, 1933udak, 1999).
Takovéto zminy maji nasledavliv na zivatisné druhy Zijici vdchto ekosystémech,
zejména ty byloZrave, pro které savanové ekosyst§soy nejen Hirozenym
atocisttm, ale také nepostradatelnym zdrojem potravy. \oskguni fadk ma
pienena savan (dalekosahléjigledky také na mistni obyvatele, iktgsou vicedi
mére s €mito ekosystémy spjati.

Jako zvlast citlivé na nevhodny management (hosgedd vyuzivani pdy) se
ukazaly byt deviny. Negiimérené vyuzivani savan jako je intenzivni pastva dapyt
té¢Zba a sbr direva (Shackleton, 1993; Lykke, 1998; Goudie, 2006%Skovani
zentdélské mdy (Wezel & Lykke, 2006; Tsegaye et al., 201@a)sbeér lesnich
produkti (Gaoue & Ticktin, 2007; Schumann et al., 2010; téer& Witkowski,
2010) vede k degradaci porostu (Shackleton, 19¥Busovani semegfiat i
dosglych jedindi hospodéskymi zviaty vyznamg sniZuje nejen jejich
Zivotaschopnost (Dhillion & Gustad, 2004; Tsegayeak, 2009, ale takeé st
(Tsegaye et al., 2010a) a hustotu (porostu) (Ncetnail., 2010). Fepasani spoteé

s €Zbou deva a nevhodnym oBhvanim mdy mize v aridnich oblastechrippst

k dezertifikaci (Zheng & Eltahir, 1997; Mortimore &urner, 2005; Ozer et al.,
2010). Ridaji-li se k nevhodnému managementu fimpve vrEjSi (abiotické)
podminky mohou byt nasledky ,fatalni“. Ndiklad intensivni okus v kombinaci
s nedostatsymi srdzkami rmize vést k rychlému Uhynurelvin (Prins & van der
Jeugd, 1993; Dhillion & Gustad, 2004; Birkett & #&@&-Wood, 2005). Interakce
vypalovani a okusu divokou &t (zejm. slony) zas sniZuje schopnost regenerace
dievin, ¢imz dochazi k postupnéntidnuti porosi (Eckhardt et al., 2000; Holdo et
al., 2009). Znalost této interakce vSakiza byt vyuZzita jako sdi@st managementu
v boji proti zadstani savan pro #v nevhodnymi t¢evinami (Augustine &
McNaughton, 2004; Schutz et al., 2011).

Dosavadni zkuSenosti ukazuji, Ze pro zachovani nsaaajejich udrzitelnému
fungovani je nesmien dilezité znat nejen vztahy mezi jednotlivymi sloZzkami

ekosystému, ale také vliiznych forem a intenzit obhospd@daéni na tyto slozky.

126



Zatimco mnohé studie z aridnich a semi-aridniclasibpoukazuji na vyznamny vliv
managementu na vegetaci savan (Parsons et al.; H&§jins et al., 1999; Oba et
al., 2000; Skarpe et al., 2000; Weber & JeltschQ)020Angassa et al., 2010;
Hejcmanova et al.,, 2010a; Tsegaye et al., 201Qmgdvani sub-humidnich a
humidnich savan v zavislosti na managementitd oblasti neni az na vyjimky

znamo (Leriche et al., 2003).

Z tohoto divodu byla prvni studieélanek 1) zkoumajici vliv managementu na
dieviny provedena v oblasti sub-humidni savany zapAttiky, Senegalu. Vyzkum
situovany do oblasti ,Forét de Fathala“, kteragecasti Narodniho parku Delta du
Saloum, probihal vardchcastech oblasti s odliSnym managementem (po dobii osm
let), konkrétd na: (1) Uzemi s divokou &ki chrargné plotem proti vlivu lidi i
domacich zvat (FFW); (2) oploceném Uzemi bektpmnosti zviat ¢i jakékoliv
aktivity (FFE); a (3) neoploceném Uzemi®j@ého (obecniho) charakteru (FUC). V
téchto techcastech byla na vyzkumnych plochach sbirana a naslgarovnavana
data o druhovém sloZenfelin a pd@tu jedindi jednotlivych drul, a to s rozliSenim
semendki a dosplych jedindi. Krom¢ druhového bohatstvi a denzity, byla
sledovana také divezita, jez byla stanovena por8onpsonova indexu (Magurran,
2004). Navic byly sledovanyig@dem definované skupiny drutdievin, jez jsou
mistnimi hoj& vyuzivany jako: stavebni material,cida a krmivo pro dobytek,
samostatny drutionchocarpus laxiflorusoyl naopak hodnocen jako nevyuZivany
(Lykke, 2000).

o

Obr. 1. Savana v oblasti ,Forét de Fathala“ v otidoicha. Foto: M. Z&kova
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V ramci celé naSi studie jsme zaznamenali 63 idrdievin, zatimco Lawesson
(1995) ve studii ze stejné oblasti héve 89 druzich, festoze plocha, na které
veget&ni studii provadl, byla 14 krat menSi nez plocha nami prostudovadeato
rozdil Ize vys¥tlit odliSnym uspéadanim (designem) studie. NejvySSicgiodruhi
byl zaznamenan ¥#asti FUC. Jak wasti FFW, tak wasti FFE bylo zaznamenano
druhi dvakrdt meéds. Tento neporr je vSak mozné vystlit vétSi plochou
studovanou v ramci FUC oproti plocham dalSich dieésti.

V piipact druhového bohatstvi a diverzity nebyly megnii ¢astmi s odliSnym
managementem zjiSty zadné rozdily. Stejné vysledkyiesly i studie z africkych
savan se srovnatelnymi klimatickymi podminkami, ne&pa srdZzkami. Rozdily
v druhovém bohatstvi mezi oblastmi chfidymi a pro obecni dely vyuzivanymi
oblastmi nebyly zji&ny v savanach v Zimbabwe (Vermeulen, 1996), Jilcadr
republice (Shackleton, 2000), ani v BurkiRaso (Paré et al., 2010b). Oproti tomu
studie provedené v semi-aridnich oblastech zaznalyjenenSi druhové bohatsvi
dievin na Uzemi vystaveném pastdobytka ve srovnani s chirym Gzemim
rezervaci (Higgins et al., 1999; Hejcmanova et 20]10a). Zd&chto vysledk Ize
dobytka na druhové bohatsvi negativni vliv.

Vliv managementu se naopak ukazal jako vyznamniipagt denzity semerikai.
Vyuzivani midy, & jiz pro pastvi jiné, zejm. zemdélskeé, aktivity, mnohdy vede
ke sniZeni denzity semeikd, jejich pokryvnostici vysky (Shackleton et al., 1994;
Hejcmanova et al., 2010a). K nizké detvaemenékt v oblasti FUC fspél nejen
okus hospod&kou zwti, ale také jejich odsti@vani i kultivaci pady ¢i jejich
pouziti pro tizné &ely. NejvysSi denzitu semetkd jsme @ekavali vcasti FFE,
ktera je chraéna ged vlivem lidi i jakychkoli zvat, steji jako tomu bylo ve
studiich Augustine a McNaughton (2004) Pringle et al. (2007), avSak nejvysSi
denzita semer&i byla zaznamenana ¢asti FFW. To niZze vyswétlit fakt, Ze
vyznamnaiast FFE lezi v sezoarzaplavovaném udoli ,Mare du Dragon*, kterému
dominuje trava druh®chyzachirium sanguineuennizké druhy bylin (Nezerkova-
Hejcmanova et al., 2005). Vysoka hladina vody aldémlol& stojici voda v obdobi
de¥d muZze mit za nasledek tvorbu anoxickych podminek,éklienituji vzchazeni,
zakdenovani atst devin (Kozlowski, 1997). #dni podminky se tak mohou stat
vyznammjSim faktorem nez je samotny management (Higgiras. £1999; Dahlberg,
2000; Harrison et al., 2003; Picard et al., 200%ndPe et al., 2010; Wessels et al.,
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2011). Vysoka denzita semehkd v casti FFW niize byt také vysstiena ochranou
tamni vegetaceipd vyuzZivanim lidmi a zarovietim, Ze ¥étSina gitomné divoké
zweie setfadi mezi spase, nikoliv okusovée. V piipad dosglych jedind dievin
jiz nebyly zaznamenany zadné rozdily denzity mezAstmi s odliSnym
managementem.

Ani pii srovnani devin vyuZivanych jako stavebni material¢il@ a krmivo pro
dobytek nebyly odhaleny rozdily v derzifadné zdchto gedem definovanych
skupin. Tyto vysledky napovidaji, ze vyuzivaiewn pro fizné &ely, zejm. &ch
druhi, které se pouzivaly jako stavebni materiBlariellia oliveri, Terminalia
macroptera, Prosopis africana, Pterocarpus erina;eQGordyla pinnatg neni tak
intenzivni, jako tomu bylo v minulosti. Mezi letyo35 a 1985 fsobila v oblasti
.FOrét de Fathala“ igvaska spolénost, po jejimZz odchodu byla v oblasti
registrovana ilegéalngkba deva (Lykke, 2000). Na konci 90. let 20. stoletiobtast
.Forét de Fathala" stala sédsti Narodniho parku Delta du Saloum a biosférické
rezervace UNESCO, coz vedlo k omezeni ileg&ridy deva, bylo povoleno pouze
nedestruktivni ziskavanireva a dalSich lesnich prodiki/zhledem k tomu, Zeip
skéru dreva, ovoce a liftje vyuzivano jen ikvo lezici a nejsou kaceni celi jedinci,
maji tyto aktivity na @viny jen neznatelny vliv (Lykke, 1994). Vyhody,eké
piinasi lesni porosty, jako je ziskavani ovoce, sern@&ivych latek¢i poskytovani
stinu lidem i zufatim, jsou stale vice cény mistnimi obyvateli savanovych oblasti
(Kristensen & Lykke, 2003; Paré et al., 2010a; Schaon et al., 2010; Tsegaye et al.,
2010a),¢imz roste i povdomi o nutnosti jejich ochrany. fipadt Ubytku lesniho
porostu tedy nemusi nutnit o vliv nevhodného managementu, nybrz jiny dakt
jako je pokles srazek, ktery je v oblasti ,ForétFethala“ mistnim obyvatelstvem
povazovan za vyznamny (Lykke, 2000).

Naopak u samostatnhodnoceného druhlionchocarpus laxiflorushyla zjiS€na
vySSi denzita ¥asti FFE oproti ostatnim émacastem. & Lykke (2000) uvedla, Ze
L. laxiflorus neni mistnimi obyvateli nijak vyznamrvyuzivan, byl tento druh
zaznamenan jako pro #afa velice chutny a jimEasto konzumovany (Toutain,
1980). Proto jeho nizSi denzitacastech FFW a FUC ide byt vysétlena
okusovanim z&ti, & jiz divokouci hospodéskymi zviaty.

Zména managementu savany ube [@Finést vyznamnou zému Vv dynamice
ekosystému (Westoby et al.,, 1989; Fynn & O'Con2®00; Popp et al., 2009).
Vzhledem k tomu, Ze v oblasti ,Forét de FathalaSld ke zrn§né vyuzivani @dy
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osm let ped realizaci naSi studie¢ekavali jsme vyraznou odezvuedin, stejri
jako tomu bylo v fipact vegetace v oblasti ,Forét de Bandia“ v Senegaltéty
oblasti po pti letech ochrany ffed pastvou a dalSimi aktivitami doSlo k ob&ov
semendka a po 15 letech doSlo k celkové regeneraeivoh (Hejcmanova et al.,
2010a).

S ohledem na fakt, Zze ,Forét de Bandia“ se naclémi-aridni oblasti, Ize
piedpokladat, Ze sub-humidni a humidni savany js@wpdiky dostatku viahy
ekosystémy stabilijSimi, v nichZz uéitd mira ,naruseni* rize byt vyrovnavana
piirodnimi mechanizmy, jako jsou srazky (Shackleto®séholes, 2011), a odpai
na znénu managementu takirbe byt pomalejSi. Navic na miru odezvyza pisobit

také intenzita vyuzivani dané oblasti.

Neadekvatni managementize ovlivnit jak samotnou vegetaci savan, takiavni
Zijici. Nevhodna rozhodnuti a kroky mohou na divakéata misobit gimo, ale i
ne@imo, neb@ muze dojit k gemené prostedi, v mz zviata Ziji, ¢i zmené
potravni nabidky. Zgna ¢i omezeni potravnich zdiojmize mit negativni vliv na

zdravi a reprodukci ziat, v krajnich pipadech i pezivani celych populaci.

PredevSim v fipad® ohroZzenych drulh zvitat ma management zasadni vyznam
(Ballou & Foose, 1996; Peignot et al., 2008) a prdvodné zdroje potravy mohou
byt klicem Usgchu v jejich zachrah Poskytnuti gikrmu @i nedostatku firozené
potravy miZze mit pozitivni vliv na kondici a reprodéri Usggch zviat (Dorgeloh et
al., 1996; Treydte et al., 2001) dikkigunu dostatsého mnoZzstvi kvalitnich Zivin a
vicecasu na odponek.

Na druhou stranu fike mit gikrmovani i negativni vliv na zdravi Zat. Diky
piikrmovani miZze dochazet k népozenému shlukovani 2Zie, jez niize podpdit
Siteni onemoceni a parazit (Cross et al.,, 2007; Hines et al., 2007; Navarro-
Gonzalez et al., 2013). Vditych ohledech seifkrm miZe negativa projevit i na
reproduknich parametrech, napvyskytem mimosezonnich porioanlédat, které
mohou vést k jejich &Si mortalit (Smith, 1994). V neposledriadt miaze mit
piikrmovani vliv na chovani ziat, nap. migraci, roz§eni (Cooper et al., 2006)
ostrazitost (Manor & Saltz, 2003).
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Z tohoto divodu je nesmirh dulezité, aby kazdé rozhodnuti a afgsi v rdmci
managementu 2ve a gedevsSim ohrozenych populaci bylo podloZzeno znaiostm
ekologie a chovani daného druhu (Grey-Ross e2@09).

NaSe studiedanek Il a Ill) se proto zagtily na vliv ptikrmovani na (potravni)
chovéni kriticky ohroZzeného zapadniho poddruhulamti Derbyho (IUCN 2008)
v podminkach oborového chovu v rezervaci Fathala.

V obdobi sucha, tedy obdobi omezenych Zdpmtravy, v letech 2008 a 2009 jsme
sledovali vliv gikrmovani nutréné bohatymi lusky druhtAcacia albidana denni

aktivity a potravni chovani Sesti jedinantilop Derbyhodlanek II).

- gy W

Obr. 2. Rikrmovani antilop Derbyho lusky drutAcacia albida Foto: M. Z&kova

Vliv piikrmovani se projevil v roce 2008. V tomto rocedreech s fikrmem travily
antilopy Derbyho méh casu pijmem potravy a zkratila si i délka jednotlivych
,okusi“, stejrg jako tomu bylo v fipact antilop kudu Tragelaphus strepsicerpse

studii Owen-Smith (1994). Tyto vysledky napoviddg, antilopy Derbyhoifjimaji
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potravu jen do nasyceni (Jeschke & Tollrian, 20@b)Yedy ukazuji na potravni
strategii, pi niz zvirata minimalizuji¢cas traveny fijmem potravy (Bergman et al.,
2001). ,USeteny“ ¢as mohly antilopy Derbyho émovat odpéinku, jelikoz

v podminkach oborového chovu nemusi investovatsi@nitého chovani jako tomu
je v pipack divoce Zzijicich zviat (White & Berger, 2001; Ruckstuhl et al., 2003).
Toto chovéani je typické pro Zeta v lidské p& bez gitomnosti predatdr ¢i
konkurenti a pro zvifata, jimz je poskytovana potrava (Bowman & Plown2002).
Jelikoz si antilopy Derbyho navykly na rannfikpmovani, travily tutoc¢ast dne

v blizkosti krmného mista. @Bledkem toho byla omezena jejich pohybova aktivita
po obde a travily ¥tSinu casu nedaleko krmného mista, stejako tomu bylo

v pripact dalSich druh zvitat, jimz byl podavanifkrm (Cooper et al., 2006;
Lopez-Bao et al., 2010; Kowalczyk et al., 2011).

Oproti tomu v roce 2009, ip porovnani di s gikrmem a bez ipkrmu, nebyl
prokazan rozdil ¥ase ¥novaném jednotlivym dennim aktivitam. AvSak celk@ap
vénovany pijmu potravy a pezvykovani byl vyraz&vysSi nez v fedchozim roce.
Tento fakt napovida tomu, Ze v roce 2009 byly viebomezené ffrodni zdroje
potravy. Navic v tomto roce nebyla watia fedem navykana natigrmovani, jako
tomu bylo v roce 2008, a tak jejich pohybovéa ak#iypo obde Zistala stejna jako

pied zapoetim vyzkumu.
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Po dobu studie, tedy v obdobi sucha, se potraveb@merbyho sestavala vyhragin
ze stroni a ke, Antilopy okusovaly velké mnoZstvi driutdievin, grevazm jejich
listy a v rekterych gipadech i plody (zejm. lusky). Tak tomu bylo jak &ieech

s pikrmem, tak ve dnech bezikrmu. Ve volné pirock (v Narodnim parku Niokolo
Koba) i v oborach v rezervaci Bandia, druhém ceattahranného chovu, se vSak
antilopy Derbyho Zivi krom dievin také bylinami a travinami (Hejcmanova et al.,
2010b). Tento rozdil fZe byt zgsoben odliSnou potravni nabidkou v jednotlivych
lokalitach. Narodni park Niokolo Koba o rozloze 9@ knt poskytuje
nesrovnatelét vétSi Uzemi a pestrost potravnich zdroj porovnani s oplocenou
oborou vrezervaci Fathala. V dobstudie se v antilopi obe ve Fathala
nevyskytoval gerstvy* podrost a jeho druhové sloZzeni bylo odliSoé toho
Vv rezervaci Bandia.

Antilopy Derbyho travily okusem jednotlivych rostlirelativie malo ¢asu, cemuz
odpovidal i pget ,ukousnuti“. Toto chovani je typické pro okuséabeci (Owen
Smith, 1993; de Garine-Wichatitsky et al., 2004¢Ida trvani okusu a et
»=ukousnuti“ za minutu byl druha@v specificky, avSak neliSil se v zavislosti na
piikrmu.

Jak ukazuji vysledky naSi studigktera opateni, jako je pra¥ piikrmovani, ntizou
znatel® ovlivnit chovani zuiat. Pokud podminky vzniklé na zagathného opaeni
trvaji delSi dobu, rive dojit k trvalé zrné v chovani zwat, a tim i schopnosti
piizpusobit se a fezit v firozenych podminkach. Ke zm chovani pak nemusi
dojit jen u samotnych jedifcale i u jejich potomk (Orams, 2002). To vSe the
hrat vyznamnou roli vifjpact reintroduknich program (McDougall et al., 2006).

Na druhou stranu tize @ikrm hrat zcela zasadni roli v kritickych obdobich
nedostatku potravnich zdigjkdy jeho poskytnuti umozni Zaiim piezit nepiznive
obdobi (Elliot et al. 2001). Mimo tato obdobi byakSpikrmovani nendlo byt
VyuZzivano.

Prikrmovani Ize také efektivnvyuzivat v ramci zachrannych progrankde mize
podpdit reprodukci (Schoech et al., 2008) umoznit vice odp&inku zviratim

v nara@nych situacich jako jsou napjejich pevozy (Teixeira et al., 2007), a tim
snizit jejich stres.
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Viivem piikrmovani na vybr potravy antilop Derbyho a mechanismem &b
potravy na urovni Zivin se zabyvala dalSi studi@r(ek IIl) uskuténéna v ramci

zachovného chovu v rezervaci Fathala.

V dobké vrcholiciho obdobi sucha roku 2008, tedy v obdobjvice omezenych
zdroji potravy, jsme sledovali selekci potravy u anti@erbyho a vliv pikrmovani

na ni. Na zaklatl zaznamenané potravni nabidky vigb@ vylEru potravy Sesti
jedinci antilop Derbyho jsme vyptali indexy selektivity pro jednotlivé druhy

zastoupené v potravantilop. U 10 zdchto druli byl stanoven obsah makropfvk

(N, P, K, Na, Ca, Mg), vldkniny a ligninu.

. WP S 28 A - ’ .
Obr. 4. Skr biomasy druhu (a&fombretum micranthura (b)Icacina senegalensis
v rezervaci Fathala. Foto: M. &ova

Jak jiz bylo uvedeno vySe, antilopy Derbyho se zereaci Fathala Zivi velkym
mnozstvim drufi dievin, avSak obliba jednotlivych drahje niznd a ®které druhy
nejsou antilopami konzumovanyibec. Napiklad druhuOzoroa insignise antilopy
Derbyho vyhybaly, stefhjako bylo zjiS€no u ziraf (Caroline & Adhiambo, 2013).
Naopak druhy, které si antilogjasto vybiraly, byly zaznamenany jako oblibené i u
dalSich druh africkych bylozrava. Antilopami nejvice okusovanédAcacia
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ataxacanthaje preferovana rowi slony (Chira & Kinyamario 2009), skotem,
ovcemi a kozami (Sanon et al., 2007). Antilopamimieoblibené lusky druhu
Piliostigma thonningiijsou hoj& konzumovany skotem (Ouédraogo-Koné et al.,
2006). Zastupci rodderminalia byly zaznamenani jako s®ést potravy antilop
kudu (T. prunioides Hooimeijer et al., 2005), slén(T. brownii Biru & Bekele,
2012), skotu T. sericeaKatjiua & Ward, 2009) a kozT( brownii Yayneshet et al.,
2008). Tyto druhy jsou zdrojem nejen velkého mndzdivin, ale také latek
s antibakterialnimi (Silva et al., 2002), fungiciam (Batawila et al., 2005) a
protizaretlivymi (Ibewuike et al.,, 1997) dinky. Mald obliba druf Icacina
senegalensis a Maytenus senegalensisnuze byt pisuzovana obsaZzenym

antinutricnim latkach (Neuwinger 1996).

4 o < is :
Obr. 5. Samec antilopy Derbyhaipokusu druhu (a)Saba senegalensia (b)
Combretum paniculatuniFoto: M. Z&kova

Velkou rozmanitost druhzastoupenych v potrévantilop Derbyho Ize chapat jako
adaptaci na variabilni obsah zZivin a toxickych Katerostlinach. Toto tvrzeni je

v souladu s ,hypotézou o nasycenosti“ (angl.. batieypothesis), ktera ziny

v potravnich preferencich vy&luje piechodnou nechuti k potravpraw prijaté
(Provenza et al., 2003). Konzumaceitého druhu vede k nasyceniciiou chuti,
Zivinou ¢i toxickou latkou, nasledkensehoZz se preference pro tento druh snizuje
(van Liverloo et al., 2009). Konzumace pestré straak umoiuje zviatim
prijmout vyvazené mnoZzstvi zivin a toxirfProvenza, 1995).

Tato strategie je nesmérndilezita pra¢ v kritickych obdobich omezenych

potravnich zdrdj, kdy vybér potravy z¥éii je determinovan zivinami deficientnimi
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v okolnim prostedi (Augustine et al., 2003; Pretorius et al., 20V¥2Africe se obsah
Zivin v prostedi mize vyrazs liSit v zavislosti na lokall, zejm. v gipadt dusiku a
fosforu (Elser et al., 2000; Lambers et al., 20MNypriklad piimérny obsah dusiku

v biomase v nasi studii byl niz8i nezup&rny obsah dusiku v listech na dvou
lokalitach v Jizni Africe (Codron et al., 2007; varverloo et al., 2009), ale
srovnatelny s obsahem dusiku na jiné jihoafrickalit: (Hooimeijer et al., 2005).
Co se jednotlivych druh tyce, obsah dusiku v druhAcacia ataxacanthabyl
vrezervaci Fathala vyraZnvysSi nez v Narodnim parku Waza v Kamerunu
(Foguekem et al., 2011), ale nizSi nez v rostlinadbkality nedaleko Narodniho
parku Hwange v Zimbabwe (Holdo, 2003). Obddbnpiipact druhu Combretum
glutinosumbyly hodnoty dusiku v rezervaci Fathala srovnatsltimi v Nigeru (Le
Houérou, 1980), ale odliSné otth zaznamenanych v Kamerunu (Foguekem et al.,
2011). V gipact fosforu a drasliku jsme v rezervaci Fathala zazraly nizky
obsah &chto prvki ve srovnani s lokalitami v Jizni Africe (van Lil@o et al., 2009)

a Zimbabwe (Holdo, 2003), ktery pro gafa mize byt nedostatey. Naopak jako
nadbytény se ukazal obsah vapniku. Obsah vilaknirfedpvsim acidodetergentni
vlakniny a ligninu, byl v rezervaci Fathala vyr&aryssi nez v Jizni Africe (Codron
et al., 2007xi Zimbabwe (Dierenfeld et al., 1995) a Zn& prevySoval optimalni
hodnoty stanovené pro skot. Na zakladaSich vysledk se potravni zdroje

v rezervaci Fathala nejevi jako optimalnitaddu nizkého obsahu fosforu a dusiku a
souwasré vysokého obsahu vapniku a vlakniny, kterézen snizovat stravitelnost
biomasy. Z tohoto w/odu si antilopy v rezervaci Fathala vybiraly petra vySSim
obsahem drasliku a fosforu a naopak nizSim obsata@miku, heciku, N:P, Ca:P a
ligninu. Pongr Ca:P nejen ovliuje rist a strukturu kosti, ale také hraje vyznamnou
roli v metabolismu bilkovin, tuk a cuki, jakoZto i v dob brezosti a laktace.
Nedostatek fosforu za séasného nadbytku vapriiknuze vést ke snizenémiiijonu
potravy, a tedy hubnuti Zt, a také mize mit negativni vliv na reprodukci Zaf,
konkrétre dospivani a f@zivani embryi (Ricketts et al., 1970). Rrdg mize byt
davodem Spatné kondice antilop Derbyho v rezervathdla v obdobi sucha a jejich
horSi reprodukce ve srovnani s antilopami v rezeér&andia (Kolékova et al.,
2011). Antilopy se tak snaZzi vyrovnat s nedostatiesforu a pebytkem vépniku
praw vybérem potravy bohaté na fosfor a malym obsahem vaprflestoze obsah
drasliku v biomase odpovidal optimu, antilopy sbivgly rostliny na draslik bohaty,

pravdépodobré jako reakci na vysoky obsah vapniku v biomaseotdipto dva
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prvky funguji jako antagonisté (Jakobsen, 1993)vri@b dusik byl v rostlinach
obsaZen v optimalnim mnozstvi, avSak antilopy &iirgly druhy s niz§im obsahem
dusiku. To je mozné vysilit vztahem obsahu dusiku a fosforu v rostlinnficdinich

a zivaisném ¢le. Zatimco N:P vikvinach pouzivanych jako krmivo pro i je
obvykle v rozmezi 10 — 13 (Hejcmanova et al., 2043)fimérna hodnota v naSi
studii byla 15, je porr téchto prvki v téle velkych zviat odhadovan na 9,6 (Sterner
& Elser, 2002) a optimalni hodnota v pici byla mkot stanovena na 5 — 10
(Whitehead, 1995). Z tohotoudodu se antilopy vyrem potravy snazi vytvad
rovnovahu mezi svyneékem a ijatou biomasou.

Dle potravni teorie se Zwta i zvySené nabidce a kvaitpotravy pasou vice
selektivie (Stephens & Krebs, 1986). V rozporu s timto tvigervysledky naSi
studie ukazuiji, Ze zvySena potravni nabidka v pogoirmu nengla vliv na vyker
potravy ¢i dokonce selektivitu snizila, jak na drovni diulostlin, tak na arovni
Zivin. Lusky druhuA. albida podavané jako ifkrm mgli jiné sloZeni nez ostatni
druhy, konkrétsd meérg¢ vapniku a hitiku, vice drasliku, a tim niz§i Ca:P, a tedy
spiSe nezifisun ¥tSiho mnozstvi energiedly za nasledek vy potravy o ukitém
slozeni. SloZzeni obdobné jako u lask. albida bylo zjiS&€no u luski druhu P.
thonningii které byly antilopami vyraznkonzumovany ve dnech, kdy antilopy
nebyly gikrmovany. Z toho plyne, Ze oba tyto druhy jsouorpw antilop Derbyho
vzajemr zastupitelné.

Z vysledka této studie je patrné, Ze Wbpotravy u antilop Derbyho v rezervaci
Fathala je komplexnim mechanismem, ktery nelze &tiispouze jedninti dvéma
faktory. V prostedich chudych na Ziviny a vysokym obsahem antignith latek se
tak zviata nesnazi pouze pokryt své nirfi pozadavky, ale i se vyhnout
nadnérnému gijmu nezadoucich latek. V takovychto ptestich a zejména

v kritickych obdobich roku iize gikrmovani sehrat vyznamnou roli.

Jak jiz bylo zmigno vySe, pikrmovani mize byt vhodnym nastrojem managementu
piedevsSim ohroZzenych draihzvirat a zvlast téch, jejichz stavy klesaji. AvSak

stanoveni p&etnosti zviat a jejich zran, a tedy ziskani spolehlivych informaci, na
jejichz zaklad lze vytvdit co nejvhodijSi managementovy plan, neni vzdy

jednoduche.
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Pro stanoveni getnosti z¢ie existuje Siroka Skélafipnych i nepimych metod,
avSak velkacast z nich je spojena s velkou figah a/nebocasovou narénosti,
omezenou pouzitelnosti, malou spolehlivésfinymi problémy.

Mezi finartn¢é a personakhnenaréné metody, aplikovatelné na rozlehlych Gzemich
i v relativne téZko pristupnych oblastech a pouZzitelné i u plachych dlgie, pati
stitani trusu. Akoliv je tato metoda vyuzivana jiadu let a byla pouZita u mnoha
druhi zvitat (nag. Wood, 1988; Avery & Perkins, 1989; Barnes et 4B95;
Marques et al., 2001), vyvstaly pochybnosti o ggidlehlivosti. Jako jeden ze zdioj
nepg'esnosti metody&tani trusu byla zntiovana chyba zisobena &tacem (Neff,
1968).

Obr. 6. Voduska kobKobus kob v savaw v oblasti Lenke Kountou, Narodni park
Niokolo Koba. Foto: M. Z&ova

Cilem naSi studie¢anek V) proto bylo zhodnotit vliv osobyisate (skErace) na
spolehlivost &itani hromadek trusu jakoZto metody pro stanovenétmosti antilop
v podminkach zapadoafrické savany v obdobi sucharednim parku Niokolo

Koba v Senegala.
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Obr. 7. Hromadky trusu nalezenélem sitani trusu v Narodnim parku Niokolo

Koba. Foto: K. Brandlova

Prestoze je p#tani hromadek trusu vyznamnou a Rojmyuzivanou metodou
(Barnes, 2001), akteri autdi zpochyhiuji jeji spolehlivost (Fuller, 1991). Mozné
zdroje nepesnosti shrnul Neff (1968), ktery chybu vlivetitate uvadi jako jeden z
»nejzaludrejSich” problénii.

Mezi nejvyznamyyjSi pochybeni ze stranyisate pati prehlédnuti hromadky trusu
(Van Etten & Bennet, 1965). To irhe byt zfisobeno naiiklad nedostataym
soustedinim, které je vSak snad odstranitelné vhodnou raotivBehem nasi studie
nesougednost nepedstavovala problém, demuz pravdpodobré prispel sker
vzorkii trusu za Gelem jeho nffeni a nasledné identifikace druhu antilopy, jemuz
trus pisluSel. Sbr a mefeni trusu tak fedstavovalo aktivitu, ktera upoutavala
pozornost &tact. Jako vhodné se také ukézalo ugpdni transekt a jejich
relativné mala délka. K podobnému z#u doSel Smith (1968), ktery uvedl, Ze mensi
plochy jsou pro &tani trusu efektivéjSi nez ty ¥tSi. Dale vSak upoztuje, ze pilis
malé plochy mohou vést k naftani vysSiho pé&tu hromadek trusu nez je jejich
pocet skutény, coz je zpsobeno tendenci zaftavat i trus leZici na hranici ploch.
Jako dalsi faktor vedouci k chybnym ¢pon trusu jsou zniiovany zkuSenosti
sitace (Van Etten & Bennet, 1965). AvSak ani studie Bski a McArthur (2000),
ani naSe studie neodhalila rozdil wpo hromadek trusu n&isanych zkuSenym a
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nezkuSenym &tacem. RoviZz vliv dalSich charakteristik hodnocenych nasi istud
(pohlavi a pirodowdné vzalani) nebyl prokazan.

Rozdily v p@&tu nalezenych hromadek jsou mnohdyspzovany kombinaci vlivu
Sitace a dalSich faktdr jako je napiklad vegetacei druh itaného ZivéiSného
druhu (Jenkins & Manly, 2008). AvSak naSe studiamavrzena tak, abychom se
ttmto faktofm vyhnuli. Sitaci méli v rdmci jednotlivych lokalit stejnou
pravdpodobnost nalezeni trusu. Rozdily v mnoZzstvi naléze trusu viivem odliSné
vegetace se tak mohly projevit pouzéi gporovnani oblasti, avSak 8tgi
pravdpodobnosti tyto rozdily mohou byfiguzovany nerovnosmému roz&eni
antilop na Gzemi parku. Tomu odpovida i fakt, 2&které oblasti se srovnatelnou
vegetaci se liSily v ptiu nalezenych hromadek trusu, zatimco jiné s vegeta
odliSnou se naopak v mnozstvi nalezeného trus@ilyeldenkins a Manly (2008)
doporwiuji v oblastech s hustou vegetaci, ktera by mopigabit gehlédnuti trusu,
pouzit techniku ,dvoudtacu”, pii niZ je spravnost vysledku prvnihgitece owiena
sitacem druhym.

Chybna identifikace trusu je uvémh jako dalSi vyznamny faktor snizujici
spolehlivost metodyétani trusu (Neff, 1968; Johnson & Jarman, 1987jriBki &
McArthur, 2000). Z tohoto w/odu byly Bhem naSi studie odebirany vzorky trusu
tak, aby nasledn mohly poslouzit ke spolehlivému deni Ziva&iSného druhuwi
pracrgjSi, avSak vyznani prispivd ke spolehlivym vysledkn. V oblastech, kde
odebirani vzork neni mozné, nd&p z divodu vlhkostnich podminek, lze jako
identifikacni znaky vyuzit nejen barvu, tvar, velikost a pnmeotrusu, ale i dalSi
charakteristiky jako je ndp pH (Howard 1967). Spravnémucani Ziva@isnéeho
druhu mohou navic pomoci také dalSi pobytove stogie ¢i znalosti mistniho
obyvatelstva (lovci, spravci, hlidiaapod.) (Prins & Reitsma, 1989; Nchanji et al.,
2008; Funston et al., 2010).

Vysledky naSi studie ukazaly, Ze v podminkach zéafitké savany v obdobi sucha
na gitani hromadek trusu neto vliv pohlavi, vzélani ani gedesSlé zkuSenosti
sitage. Je-li studie vhodnnavrzena adtaci radre proSkoleni, jevi sec¢gtani trusu
jako spolehliva a efektivni metoda, ktera je zatoemadno dostupna sprédiva

chrarénych oblasti a ochraam prirody.

140



7.ZAVER

Vysledky prvni studie ukazaly, Zze osm let odémm vyuzivani idy nemusi byt
dostatén¢ dlouha doba na projeveni 2gmv ekosystému, konkré&inco se odezvy
dievin tye, prestoZe studie z jinych oblasti to dokazuji. Na adklporovnani se
studiemi pra¥ z jinych oblasti Ize vyvodit, Ze za pomalejSi odfzti ekosystému
mohou stat odlisné klimatické podmin&yintenzita vyuzivani fdy.

Na zaklad vysledki studie druhé je patrné, Zéilksmovani miZze pozitivié pasobit
na kondici zvifat a jejich zdravi, a tedy byt efektivmyuZzito v obdobich omezenych
zdroji potravy¢i v obdobich stresové z@e zvfat. Na druhou stranu dlouhodob
podavany pikrm miZe zn€nit chovani zuiat, coZ niZze negativa ovlivnit jejich
nasledné fezivani ve volné firodké, a tedy mit dalekosahléusledky v gipad
reintroduknich progran.

Vysledky studie fieti poukazuji, Zze vy potravy u antilop Derbyho je slozitym
mechanismem, ktery neitizen pouze jedningi dvéma faktory. Vykr potravy
antilop Derbyho je do zgaé miry ovlivrén nutricni niznorodosti dostupnych zdtgj
a tedy spiSe nez obecnymi preferencemi pkaté&uZziviny je vykEr potravytizen
shahou fijmout vyvazené mnozstvi Zivin a antingtrich latek.

Na zaklad vysledki ¢tvrté studie Ize vyvodit, Zefpiradném proSkoleni pracovriik
(s¢itacl) a vhodném navrzeni vyzkumu osolkigae na vysledky &tani nema vliv.
Pfi eliminaci ostatnich zdrdj chyb je gitani trusu snadno dostupnou a efektivni

metodou stanoveni petnosti z¢ie nejen v oblasti africkych savan.

Vysledky této prace poukazuji na provazanost \vztalezi jednotlivymi slozkami
savanového ekosystému, jaikch zZivych, tak &ch nezivych. Je patrné, Ze chovani
jednotlivych slozek ekosystému je odvozeno od kémkch podminek, a tedy ne
vzdy obecs platné. Opaeni managementu di# fungujici v oblasti jedné mohou
byt naprosto netinna v oblasti jiné. Stejntak chovani zvat je, spiSe nez obecnymi
principy, fizeno konkrétnimi podminkami.

Na zaklad téchto poznati Ize vyvodit, Ze zakladem efektivniho managemeatu |
dobra znalost dané oblasti a jejiho fungovani. Kralopateni, ktera se neopiraji o

spolehlivé informace, mohou mit n@kavané nasledky.
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