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Abstrakt

Dobte vyvinuty komunikaéni systém muze byt zvlasté dulezity u socialné zijicich druht
zivocichll a umoznovat vytvoreni vEtsi sit€ socialnich vazeb. Savci Casto pouzivaji akustické a
olfaktorické signaly k ziskavani informaci o ostatnich pfislusnicich svého druhu. Vokaliza¢ni
signaly jsou vétSinou namireny ke konkrétnimu jedinci/jedincim a mohou byt pouzity na delsi
vzdalenost, kdezto olfaktorické signaly se §ifi pomalu, ale mohou pietrvavat v prostiedi po delsi
dobu. NosoroZzci maji vyborny sluch a ¢ich, ale pouze slabsi zrak. Pro jejich komunikaci jsou
tedy velmi dilezité hlasové a olfaktorické signaly, ale komunikace nosorozcii byla donedévna
studovana jen velmi malo a experimentalni studie z volné ptirody Uplné chybély.

Tato studie jako prvni popisuje informace zakdédované v hlasech nosorozcti a schopnost
volné zijicich nosoroZcii rozliSovat informace z hlasovych a olfaktorickych signalt. NosoroZci
tuponosi (Ceratotherium simum) a kriticky ohrozeni nosorozci Cottonovi (C. cottoni) maji
nejvice vyvinuty socidlni systém ze vSech druht nosorozcl, pouzivaji kontaktni hlasy a
vyprazdiuji se na spolecnych hnojiStich. Oba druhy se v zajeti velmi $patné rozmnozuji a
znalost jejich komunikace mliZe najit vyznamné vyuZiti v jejich ochrané a managementu.

Prvnim cilem této prace bylo analyzovat kontaktni hlasy nosorozcl tuponosych a
Cottonovych a zjistit, jaké obsahuji informace. Analyzy ukdazaly, ze hlasy umoziuji urcit
identitu vokalizujiciho jedince a Ze na zdklad¢ vypoctu informacni kapacity obsahuji u obou
druhti dostatek informaci pro rozliSeni pfiblizn¢ deviti jedincti. Kontaktni hlasy je také mozné
s vysokou pravdépodobnosti ptifadit ke spravnému druhu. Nosorozci Cottonovi maji delsi hlasy
a 1181 se od nosorozci tuponosych také v nékterych frekvencnich parametrech. Hlasy nosorozcii
tuponosych se také lisi v zavislosti na pohlavi, véku zvifete a socialni situaci.

Déle byly provedeny playbackové a olfaktorické experimenty, abychom zjistili, jaké

informace dokazi nosorozci ze svych hlasli a z trusu rozpoznat. Volné Zijici teritoridlni samci
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nosorozce tuponosého rozliSovali mezi kontaktnimi hlasy dospélych samcti a samic svého
druhu a reagovali vyrazné intenzivngji na hlasy samic, coz naznacuje, ze kontaktni hlasy jsou
vyznamnéjs$i pro komunikaci mezi samcem a samici nez mezi dvéma teritoridlnimi samci.
Samci také rozliSovali mezi hlasy obou pohlavi nosorozcti Cottonovych a reagovali intenzivnégji
na hlasy samctli nosorozce Cottonova nez tuponosého, coz mohlo byt zplisobeno efektem
novosti, jelikoz jsou oba druhy allopatrické a rozliSovani mezi nimi tedy nemiize byt zptisobeno
ucenim. Experimenty s trusem ukazaly, ze voln¢ Zijici nosorozci tuponosi dokéazi rozpoznat
informace o familiarit¢ a pohlavi ostatnich ptisluSnika svého druhu pouze na zéklad¢é pachu
jejich trusu. Nosorozci Cichali vice nez dvakrat déle k trusu neznamych nez familidrnich
jedinct. Ostrazitost v reakci na trus samct nastavala rychleji pfi ¢ichani k trusu familidrnich
nez neznamych samcil a ostraZitost v reakci na trus samic nastavala naopak rychleji pfi ¢ichani
k trusu neznamych nez familiarnich samic.

Vysledky této studie ukazuji, ze kontaktni hlasy nosorozct tuponosych a Cottonovych
obsahuji mnoho informaci o vokalizujicim jedinci a ze nosorozci tuponosi pouzivaji kontaktni
hlasy a trus k zjiStovani informaci o ostatnich. Tyto signdly tedy hraji vyznamnou roli
v socialnim chovani nosorozcii. Intenzivni reakce zvifat na playbacky kontaktnich hlast a
vzorky trusu naznacuji, Ze tyto signaly stimuluji jejich socialni a teritoridlni chovani. Aplikace
vokalnich a olfaktorickych podnéti by tedy mohla najit vyznamné vyuziti v ochrané a

managementu nosorozcll a zvysit Sanci na jejich reprodukci v zajeti.
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Abstract

Well-developed communication system can be particularly important in socially living species
and allow for an establishment of a large network of social relationships. Mammals often use
vocal and olfactory signals to obtain information about conspecifics. Vocalizations are mostly
directed to concrete individual/s and can be used for communication over a long distance while
olfactory signals are transmitted slowly, but can remain in the environment for a long time.
Rhinos have an excellent sense of hearing and smelling, but their eyesight is poor. Vocal and
olfactory signals are therefore very important in their social behaviour, but communication in
rhinos has only been studied to a limited extent until recently and experimental studies from the
wild have been missing.

This study describes for the first time the information encoded in the calls of rhinos and
the ability of wild rhinos to recognize information from the vocal and olfactory signals. The
southern (Ceratotherium simum) and critically endangered northern (C. cottoni) white rhinos
have the most developed social system out of all the rhinoceros species, use contact pant calls
and defecate at common dungheaps. Both species reproduce poorly in captivity and better
knowledge of their communication could be very useful in their management and conservation.

The first aim of this study was to analyse contact calls of the southern and northern
white rhinos to determine what information they encode. Discriminant function analyses
revealed that contact calls allow for the identification of individual identity and the calculation
of information capacity in calls showed that they contain sufficient information for the
recognition of nine individuals in both species. Pant calls can also be assigned with a high
probability to a correct species. The northern white rhinos have longer calls and also differ from
the southern species in several frequency parameters of their calls. The calls of the southern

white rhinos also vary according to the sex, age-class and social situation of the caller.



Playback experiments and manipulations with dung were conducted to determine if
rhinos are able to discriminate the information about other animals from their contact pant calls
and dung. Wild territorial southern white rhinoceros bulls discriminated between the calls of
adult male and female conspecifics and reacted significantly more intensively to the calls of
females, which suggests that contact calls are more important for the communication between
a male and a female than between two territorial males. Bulls also discriminated between the
calls of both sexes of northern white rhinos and reacted more intensively to the calls of northern
than southern males. This could be caused by a novelty effect as both species are allopatric and
discrimination between them therefore cannot result from learning. Experiments with dung
showed that wild southern white rhinos are able to discriminate familiarity and sex of
conspecifics based only on the smell of their dung. The rhinos sniffed the dung of unfamiliar
animals more than twice as long as the dung of familiar rhinos. The latency of vigilance posture
was shorter in reaction to the dung of familiar than unfamiliar males and longer in reaction to
the dung of familiar than unfamiliar females.

This study shows that the contact calls of southern and northern white rhinos encode a
lot of information about a vocalizing animal and that the southern white rhinos use the
information encoded in contact calls and dung to assess other individuals. These signals
therefore play an important role in the social behaviour of rhinos. The intensive reactions of the
animals to the playbacks and to the dung samples show that they stimulate their social and
territorial behaviour. Manipulation of vocal and olfactory signals could therefore be used in the
management and conservation of rhinos and improve the chance for their reproduction in

captivity.
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Uvod m
Vsech Sest druhti nosorozct je do néjaké miry ohrozeno pisobenim cloveéka kvuli pytlactvi,
ztraté habitatu, lovu nebo civilnim nepokojim (Hutchins a Kreger 2006). Ctyfi z téchto druht
jsou v soucasné dob¢ klasifikovany jako kriticky ohrozené a dva z poddruhti, zdpadni poddruh
nosorozce dvourohého (Diceros bicornis longipes) a vietnamsky poddruh nosorozce javského
(Rhinoceros sondaicus annamiticus), byly v tomto desetileti vyhubeny (The [IUCN Red List of
Threatened Species 2014). Nosorozec tuponosy (Ceratotherium simum) a Cottoniv
(Ceratotherium cottoni) jsou blizce pribuzné sesterské druhy, které se oddélily pred asi jednim
milionem let (Groves et al. 2010). Nosorozec Cottoniiv byl difive oznacovan jako severni
poddruh nosorozce tuponosého (Robovsky et al. 2010), nicméné nedavno publikovana revize
tohoto taxonu doporucila jeho povySeni na samostatny druh na zdkladé morfologickych a
genetickych rozdilii mezi obéma formami (Groves et al. 2010).

Ptirozeny aredl vyskytu nosorozce tuponosého je jizni Afrika na jih od feky Zambezi
(Rookmaaker a Antoine 2012). Na pfelomu 19. a 20. stoleti byl ale tento druh na pokraji
vyhubeni kvili sttileni lovci, kdy piezivalo pouze kolem 20-50 zvitfat v Jihoafrické republice
(Emslie a Brooks 2002) v oblasti kolem feky Umfolozi, kterd byla velmi Spatn¢ dostupna a
zamoiend mouchami tse-tse. V roce 1897 byla tato oblast vyhlasena pfirodni rezervaci a
nosorozce tuponosého se podafilo zachranit. V roce 1953 uz bylo v Umfolozi Game Reserve
pfi leteckém sc¢itani napocitano 437 zvitat a jejich pocty dale stoupaly. Nasledné byl vyvinut
program ,,Operace nosoroZec a mezi lety 1961-1972 bylo pfevezeno za vyuziti sedace vice
nez 1 100 nosorozcti do pivodnich mist vyskytu a do zoologickych zahrad (Player 1972).
V roce 2001 uz jejich pocty v Africe piekrocily hranici 11 000 jedincti (Emslie 2008) a nyni
dosahuji 20 424 zvitat, z nichz 93% zije v Jihoafrické republice (Knight 2013). Dnes je
nosorozec tuponosy nejpocetnéjSim druhem nosoroZce, ale jeho populace je v posledni dobé
ohrozovéna pytlactvim, které se soustfedi hlavné do Jihoafrické republiky. Hlavnimi divody
pro pytlactvi jsou pouziti nosoroz¢iho rohu v tradiéni ¢inské mediciné k 1€€bé nemoci
spojenych s vysokymi horeckami, k 1€cbé¢ otrav, epilepsie nebo jako posilujici tonikum (Nowell
et al. 1992). Hlavné diive se také pouzival v zemich Stfedniho Vychodu k vyrobé¢ tradicnich
dyk zvanych jambiya (Emslie a Brooks 1999). Nosoroz¢i roh se skladd z velkého mnozstvi
tésn¢ spojenych filament a jeho pevna struktura je ddna orientaci bun¢k korneocytt, které
vznikaji podobnym procesem keratinizace jako pii vyvoji a rastu lidskych neht (Boy et al.

2015). Pytlactvi zacalo od roku 2008 siln€ stoupat a jen za posledni tfi roky v letech 2012-2014
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bylo v Africe zabito vice jak 3 000 nosorozcli (Knight 2014; Department of Environmental
Affairs 2015). Obchod s nosoroz¢imi rohy se v posledni dobé soustfedi predev§im do
Vietnamu, kde byva roh pouzivan jako ptipravek k 1é¢bé rakoviny a zaroven i jako ukazka
statusu bohatstvi a vyznamného postaveni (Milliken a Shaw 2012).

Situace nosorozcti Cottonovych je velmi odlisna. Na prelomu 19. a 20. stoleti, kdy byli
nosorozci tuponosi na pokraji vyhubeni (Emslie a Brooks 2002), se nosoroZci Cottonovi
vyskytovali jesté¢ v pomérné velkém poctu ve stiedni Africe v Demokratické republice Kongo,
Ugandg, Sudanu, Cadu a Stéedoafrické republice (Smith a Smith 1993). A&koliv jejich poéty
dosahovaly v roce 1964 kolem 2 800 zvitat (Schomber 1966), velkd mira pytlactvi zptsobila,
ze v roce 1984 se uz ve volné ptirod¢ vyskytovali pouze v Narodnim Parku Garamba v
Demokratické republice Kongo v poctu 15 zvifat. V tomto roce byl spusStén ,,Projekt
Garamba“ na zachranu nosorozcii a do roku 2006 se v parku narodilo 50 mlad’at (Hillman-
Smith 2006). Prestoze valka v jiznim Sudénu od roku 1991 vyrazné ovlivnila Garambu kvili
najezdiim ozbrojenych bézencl, mezi lety 1993-2003 se stale dafilo udrzet taméjsi populaci
nosorozcu na poctu kolem 30 zvitfat. Od roku 2003 ale doSlo k vyraznému nariistu pytlactvi
(Hillman-Smith a Ndey 2005), posledni Ctyfi nosorozci byli pozorovani v roce 2006 a od roku
2007 uz po nich nebyly nalezeny zadné stopy. Druh byl tedy ve volné piirod¢ s nejvétsi
pravdépodobnosti vyhuben, nicméné stale jesté preziva velmi maléd populace v zajeti (Emslie
2011).

Pouze 26 nosorozcti Cottonovych bylo dosud chovéano v zoologickych zahradach, z toho
jich 22 pochézelo z odchytu z volné ptirody v letech 1950-1975. Nejvyznamnéj$i chovné stado
bylo vytvoreno v zoo Dvir Kralové a jeho zaklad tvofili dva samci (Saat a Sudan) a Ctyii samice
(Nesari, Nuri, Nadi a Nola) odchyceni v roce 1975 Ing. Josefem Véagnerem v Stdanu a v roce
1977 k nim byla pfipojena samice Nasima ze zoo Prescot, kterd pochazela z odchytu v Ugandé
(Vagner 1980; Mercado 2004). Zoo Dviir Kralové se jako jediné na svété podatilo nosorozce
Cottonovi rozmnozit a v letech 1980, 1983, 1989 a 2000 se tu narodila ¢tyfi mlad’ata (Obr. 1).
Dalsi samicka, ktera se tu narodila v roce 1977, byla jedinym kdy zndmym k¥izencem nosorozce
tuponosé¢ho a Cottonova (Mercado 2004). Od roku 2000 se ale reprodukce nosorozcii
Cottonovych nedafila a v roce 2009 byla tehdy uz posledni Ctyfi zvifata na svété potencialné
schopnd ptirozené reprodukce presunuta z Dvora Kralové do rezervace Ol Pejeta v Keni, kde
se jejich rozmnozeni bohuZel dosud nepodatilo. V soucasné dobé¢ uz ziji pouze dvé samice a
jeden samec v rezervaci Ol Pejeta a dvé samice v zoo Dviir Kralové a v safari parku v San

Diegu. Zadné z téchto zvirat jiz ale neni schopno pfirozené reprodukce a Sance na zachranu
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nosorozce Cottonova tedy lezi v technikach umélého oplodnéni, embryotransferu a metodach

genetického inzenyrstvi (Zoo Dvur Krélové 2015).

>
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Obr. 1: Nosorozci Cottonovi v Zoo Dviir Kralové v roce 2009. Samec Suni (vzadu; *1980,
12014) a samiCky Nesari (*1972, $2011) a Najin (vepfedu; *1989, dnes v Ol Pejeta
Conservancy v Keni). (VSechny fotky: autor: Ivana Cinkova)

Nosorozci tuponosi i Cottonovi se v zajeti velmi Spatné rozmnozuji (Hermes et al. 2005,
2006; Swaisgood et al. 2006) a divody stale nejsou znamy. Populace nosorozct tuponosych
v evropskych zoologickych zahradach v letech 2001-2004 citala 240 zvitat a z nich se pouze
26% jedincti v reprodukénim véku za sviij zivot alesponl jednou rozmnozilo (Reid et al. 2012).
Pokud se tento problém brzy nevytesi, bude k udrzeni jejich populace v zajeti nutny import
dalSich zvitat z volné ptirody, coZ by bylo z hlediska jejich ochrany kontraproduktivni. U zvifat
ze zakladatelské FO populace byla zjisténa uspésnéjsi reprodukce nez u F1 generace narozené
v zajeti (Swaisgood et al. 2006). Samice nosorozci tuponosych i Cottonovych casto trpi
reproduk¢énimi patologiemi zpisobenymi dlouhym obdobim bez biezosti (Hermes et al. 2006)
a také samci Casto trpi sniZzenou fertilitou (Hermes et al. 2005). Jako jedna z moznych pficin

nizké reprodukce byl uveden vyssi obsah fytoestrogenl v potravé v zajeti, které by mohly
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aktivovat estrogenové receptory samic. Hlavné dlouhodobé vystaveni fytoestrogenim béhem
vSech fazi zivota, ale pfedev§im béhem vyvoje plodu by tak mohlo zptlisobit ¢asteCnou az
trvalou neplodnost. Nicméné pro potvrzeni nebo vyvraceni této hypotézy a pro pochopeni vlivu
potravy s vyS$§im obsahem fytoestrogenil na reprodukéni zdravi samic je zapotiebi dalSiho
vyzkumu (Tubbs et al. 2012).

Vyznamny vliv na reprodukei nosorozcti tuponosych a Cottonovych miize mit zména
jejich socidlniho chovani v zajeti a nedostatek socialnich podnéti (Lindemann 1982; Meister
1997; Kunes a Bi¢ik 2001-2002; Swaisgood et al. 2006; Metrione et al. 2007; Cinkové a Bic¢ik
2013). Oba druhy maji nejvice rozvinuty socialni systém ze vSech nosorozcti (Goddard 1967;
Owen-Smith 1973, 1975; Laurie 1982; van Gyseghem 1984; Penny 1987). Dospéli samci jsou
teritorialni a samice, mlad’ata a mladd zvifata Ziji ve skupinkach v piekryvajicich se
domovskych okrscich (Owen-Smith 1973, 1975; van Gyseghem 1984). Nejcastéjsi jsou
skupinky po 2-3 zvifatech, nicméné¢ i spolecenstvi az Sesti zvifat nejsou nijak vzacna (Obr. 2).
Domovsky okrsek dospélé samice mtize zahrnovat az 67 teritorii samct, vétSina samic vSak
travi v obdobi dest'li vice neZ polovinu ¢asu v jednom nebo dvou sousednich teritoriich (Owen-
Smith 1973, 1975). Dtive byli nosoroZci v zoologickych zahradach chovani pouze v parech, ale
takova zvifata se nerozmnozovala skoro viibec a vétsi uspéch v rozmnozovani méli instituce
chovajici vice nez jednoho samce a vice nez jednu samici (Lindemann 1982). Samice narozené
v F1 generaci se také rozmnoZuji ¢astéji, pokud je ve stad€ pfitomna star§i samice pivodem
z volné piirody (Swaisgood et al. 2006) a sloZeni skupiny samic v zavislosti na jejich véku a
puvodu také muze vyrazné ovlivnit socialni chovani zvifat (Cinkova and Bicik 2013).
V zoologickych zahradéach také dochazi mezi zviraty zvlasté¢ béhem krmeni k vyrazné castéjsim
projeviim agonistického chovani a nésledné ke zvySené sekreci stresovych hormont, coz by
mohlo mit vliv 1 na jejich reprodukci (Meister 1997; Schmidt a Sachser 1997). Také bylo
zjiSténo, Ze samice, které spolu vyriistaly od mala, maji niZzni hodnoty stresovych hormoni

(Metrione a Harder 2011).

Obr. 2: Setkani dvou skupin nosoroZcii tuponosych.
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Behaviordlni vyzkum a znalost komunikace jsou velmi vyznamné v ochrané a
managementu zivo¢ichli a mohou pomoci nalézt a vyiesit problémy s jejich rozmnozovanim
v zajeti (Lindburg a Fitch-Snyder 1994; Fisher et al. 2003; Swaisgood et al. 2003; Campbell-
Palmer a Rosell 2011). Behavioralni vyzkum s dirazem na studium komunikace naptiklad
vyznamn¢ napomohl v zdchranném programu na rozmnozovani pandy velké (Swaisgood et al.
2000; Swaisgood et al. 2003). Znalost chovani nosorozct je proto klicovym komponentem pro
vyvoj optimalniho managementu jejich chovu v zoologickych zahradach i1 pfirodnich
rezervacich (Hutchins a Kreger 2006). NosoroZci maji vyborny sluch a ¢ich, ale jejich zrak je
slabsi a vokalni a olfaktorické signaly jsou proto velmi dulezité pro jejich komunikaci (Penny
1987). Jelikoz maji nosorozci tuponosi a Cottonovi nejvice rozvinuté socidlni chovani ze vSech
druhti nosorozcti (Goddard 1967; Owen-Smith 1973, 1975; Laurie 1982; van Gyseghem 1984;
Penny 1987), dobfe vyvinuty komunikacni systém muze byt pro né zvlasteé dulezity a schopnost
rozpoznavani informaci ze signalii ostatnich jedinci mlze umoznit vytvoreni vétsi sité
socialnich vztahi.

Nosorozci tuponosi a Cottonovi jako jedini z nosorozcl pouzivaji kontaktni hlas sipani
(angl. pant), ktery se sklada ze série naddechii a vydecht a zvitata ho pouZivaji nejcastéji, kdyz
dojde k setkéani jedincti z riznych skupin, ktefi se zdravi, kdyz jedinec pfistupuje blize ke své
skupiné nebo kdyzZ se zvitata z jedné skupinky navzajem ztrati a poté se volaji (Owen-Smith
1973; Policht et al. 2008). Oba druhy se také vyprazdiuji na spolecnych hnojistich a samci si
znaci své teritorium moci a trusem (Owen-Smith 1973; van Gyseghem 1984). Naptiklad
vymeéna trusu nosorozcll mezi zoologickymi zahradami byla uz diive navrzena jako moznost
stimulace jejich teritoridlntho a reprodukéniho chovani (Fouraker a Wagener 1996).
Komunikace nosorozcti byla ale donedavna probadana jen velmi mélo, experimentalni studie
chybély a nevédélo se, jaké informace si zvirata prostiednictvim vokalnich a olfaktorickych

signalt predavaji.
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Cile dizerta¢ni prace m

Zjistit, jestli kontaktni hlasy nosoroZcii tuponosych a Cottonovych umoziuji identifikovat
vokalizujiciho jedince a zda se liSi mezi obéma druhy, mezi pohlavimi, vékovymi tFidami
a kontextem

Hlasy mnoha savcli obsahuji informace o identité, morfologii, fyziologii nebo chovéni
vokalizujiciho jedince (napf. Fichtel et al. 2001; Darden et al. 2003; Rendall et al. 2004;
Charlton et al. 2007, 2009a, 2009b, 2010a; Proops et al. 2009; Schneiderova a Policht 2010;
Tallet et al. 2013). U zadného z Sesti druhti nosorozcii nebylo ale dosud zjisténo, jaké informace
si jedinci prostfednictvim vokalizace mohou sdélovat. Kontaktni hlasy zivocichii byvaji
pouzivany hlavné k zachovani soudrznosti skupiny a k ozndmeni identity jedince (Kondo a
Watanabe 2009). Je tedy pravdépodobné, ze 1 kontaktni hlasy nosorozcii tuponosych a
Cottonovych by mohly obsahovat informace o vokalizujicim jedinci. JelikoZ se oba druhy
oddélily pted asi jednim miliénem let (Groves et al. 2010) a pfirozené se vyskytuji v odlisSnych
typech habitatu (Hillman-Smith 1982, 1987; Pienaar et al. 1992, 1993), je mozné, Ze se

charakteristiky hlasti budou mezi obéma druhy lisit.

Testovat, jestli volné Zijici nosoroZci tuponosi reaguji rozdilné na playbacky kontaktnich
hlasii obou druhii, zda rozpoznaji pohlavi vokalizujiciho jedince a jestli jsou jejich reakce
rozdilné v zavislosti na socidlnim kontextu béhem playbacku

Studiu schopnosti rozliSovani riznych informaci z hlast jedinct stejného druhu byla dosud u
volné Zijicich kopytnikli vénovéana jen velmi mald pozornost. Pokud se kontaktni hlasy
nosorozcli tuponosych a Cottonovych 1i§i mezi pohlavimi a druhy, je tfeba podniknout
experimentalni studii a zjistit, zda nosoroZzci dokézi tyto informace v hlasech opravdu rozpoznat
a jestli jsou tyto hlasy dilezité v jejich socidlnim chovani. JelikoZ pfirozena oblast vyskytu
nosoroZce tuponosého zahrnuje jizni Afriku a nosoroZce Cottonova stfedni Afriku, jejich aredly
vyskytu se nepiekryvaji a jsou od sebe vzdaleny vice jak 2 000 km? (Hillman-Smith et al. 1986).
Bylo by tedy velmi zajimavé zjistit, jestli nosorozci dokaZzi ptipadné rozdily v hlasech obou

druhti rozpoznat a zda preferuji signaly vlastniho druhu.
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Zjistit, zda volné Zijici nosoroZci tuponosi rozpoznaji signaly o familiarité¢ a pohlavi
jedincii pouze na ziakladé pachu trusu

Pro nosorozce je krom¢ vokalni komunikace velmi dulezita i ta olfaktorickd (Goddard 1967;
Owen-Smith 1973; Laurie 1982; Penny 1987). Nedavna experimentalni studie nosorozctu
dvourohych docasné drzenych v zajeti ukazala, ze dokazi rozpoznat signaly o veku, pohlavi a
identité jedince z jeho trusu (Linklater et al. 2013). Studie olfaktorické komunikace nosorozci
tuponosych byly ale dosud pouze popisné (Owen-Smith 1973) a u Zadného druhu nosorozce
nebyla olfaktorickd komunikace experimentaln¢ zkoumana ve volné pfirod¢. Proto bylo mym
cilem podniknout experimentélni studii a zjistit, zda voln¢ zijici nosorozci tuponosi rozpoznaji
na zaklad¢ pachu trusu familiaritu a pohlavi jedince. Lepsi znalost vokalni a olfaktorické
komunikace nosorozcii by mohla najit vyznamné vyuziti v managementu a ochrané nosorozcii

v zoologickych zahradach 1 v africkych rezervacich.

Material a metodika m

Podrobny popis metodiky je uveden v jednotlivych ptispévcich, tato kapitola pfedstavuje pouze
souhrn a obecny popis pouzité¢ metodiky.

Vokalizaci nosorozcli tuponosych a Cottonovych jsem nahravala v zoologickych
zahradach ve Dvote Kralové, Salzburgu, Zlin¢ a Bratislavé v letech 2009-2014. Hlasy
nosorozcll tuponosych jsem déle nahravala a experimenty s playbacky provadéla v rezervacich
v Jihoafrické republice: Welgevonden Game Reserve, Lapalala Wilderness (obé provincie
Limpopo), Mthethomusha Nature Reserve (provincie Mpumalanga) a Lichtenburg biodiversity
conservation centre (provincie North-West) v letech 2011-2012. Olfaktorickou komunikaci
nosoroZcu tuponosych jsem studovala v roce 2012 v rezervacich Welgevonden Game Reserve
a Lapalala Wilderness.

Hlasy nosoroZct byly nahravany na smérovy mikrofon Sennheiser (ME 67 s napajecim
modulem K6, frekvencni odpovéd’: 40-20 000 Hz + 2.5 db) vybaveny vétrnou ochranou Rycote
Softie (Obr. 3) a na digitalni rekordéry Yamaha Pocketrak C24 a Marantz PMD 671. Hlasy
byly analyzovany pomoci programi Avisoft SAS Lab Pro 5.2.07 (Avisoft Bioacoustics, R.
Specht, Berlin) a LMA 2008 (laskavé poskytnuty Kurtem Hammerschmidtem). Playbackoveé

experimenty s kontaktnimi hlasy jsem provadéla pomoci digitalniho pfehravace Barrel a na
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miru sestaveného reproduktoru (vykon: S50W, frekvenéni odpovéd: 48-20 000 Hz + 3 db)
ptipojeného k zesilovaci (laskavé sestavené Dr. Pavlem Krchitdkem a Martinem Deutschlem,
Katedra biofyziky, Univerzita Palackého). Playbacky byly poustény s maximalni amplitudou
na urovni akustického tlaku 85-97 dB (méfeno 1 m pied reproduktorem) v zavislosti na
vzdélenosti zvitfat od reproduktoru (1540 m) a jejich hlasitost odpovidala pfirozené
vokalizujicimu nosorozci. Reakce nosorozct na playbackové i olfaktorické experimenty jsem
nahravala na videokameru (Canon Legria HF M31) a pozdé&ji analyzovala pomoci programu
Activities 2.1 (Vrba a Donat 1993).

Kontaktni hlasy nosorozcti byly analyzovany s vyuzitim klasické a permutované
diskriminacni analyzy, generalizovanych linedrnich modelt, Mann-Whitneyho U testu a
vypoctu informacni kapacity hlasu v bitech (angl. signature information capacity) (PFrispévek
I., IIL.). Reakce nosorozci na experimenty s playbacky byly analyzovany s vyuZitim
Friedmanovy ANOVY, Wilcoxonova parového testu a analyzy hlavnich komponent
(Prispévek IIL.). K statistickym analyzam olfaktorickych experimentt byly pouzity linedrni

mixované modely (Prispévek I1.).

Obr. 3: Nahravani hlasti nosorozct tuponosych.
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Komunika¢ni signaly m

Vsechny dulezité projevy socialniho chovani jsou zprostfedkovavany komunikac¢nimi signaly
(McGregor a Peake 2000). Design komunikacnich signala zivocichi je tvofen dvéma slozkami,
strategickym designem a efektivitou. Strategicky design signélu pfestavuje jeho formovani
piirodnim vybérem, aby poskytl dostatek informaci nezbytnych pro reakci ptijemce, ktera
zvySuje nebo zachovava biologickou zdatnost signalizujiciho jedince. Efektivita se tyka
prenosu signalu a pfirodni vybér favorizuje takové signaly, které jsou jednoduSe pienédseny,
detekovany, rozliSeny od ostatnich signalli a ty, co jsou snadno zapamatovatelné (Guilford a
Dawkins 1991). Rozpoznavani je zalozeno na porovnavani analyzovaného signalu se
specifickou piedlohou, kterd pfedstavuje vnitini zobrazeni signalu. Pokud existuji mezi zvitaty
dlouhodobé asociace, rozliSovani jedinci vyzaduje, aby byly ptfedlohy pro rozpoznavani
pravideln¢ aktualizovany (Sherman et al. 1997). Smyslové systémy, signaly, chovani béhem
vysilani signalu a vybér habitatu jsou evolu¢né propojeny a toto spojeni byva oznacovano jako
smyslovy tah (angl. sensory drive; Endler 1992). Signalizace mlZe probihat v riznych
komunikacnich kanalech a riizni signalizujici jedinci mohou byt také vnimani odliSnym
smyslem (Endler 1993).

Komunikace na vét§i vzdalenost mize probihat skrz zrak, vokalizaci nebo ¢ichové
podnéty. Vizudlni i vokalni komunikace umoziiuji velmi rychly ptenos velkého mnoZstvi
informaci. Pro vizudlni komunikaci je nicméné nezbytny dostatek svétla a také to, aby zvifata
byla na dohled (Endler 1993). Vokalni komunikace je vyhodna pro ptenos informaci na delsi
vzdalenost neZ mtiZze byt dosazeno olfaktorickymi nebo vizualnimi signaly (Kondo a Watanabe
2009). Olfaktoricka komunikace je pomala a velmi specificka a olfaktorické signaly velmi tizce
souvisi s fyziologii a potravou jedincii, takZ’e mohou byt dobrymi indikatory biologické
zdatnosti (Endler 1993). Na rozdil od olfaktorickych signalti (Eisenberg a Kleiman 1972;
Endler 1993) je mnoho vokalnich signalli pfimo namifeno ke konkrétnimu ptijemci, ackoli
muze byt vokalizace dostupnd mnoha dalSim jedinciim diky odposlouchévani (McGregor a
Peake 2000). Olfaktorické signaly maji zase velkou vyhodu v tom, Ze v prostfedi pretrvavaji po

delsi dobu 1 v absenci signalizujiciho jedince (Eisenberg a Kleiman 1972).
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Vokalni komunikace nosoroZct m

Vokalni signdly riznych druhli savci obsahuji informace o identité vokalizujiciho jedince
(Darden et al. 2003; Frommolt et al. 2003; Charlton et al. 2009b, 2011a; Proops et al. 2009;
Schneiderova a Policht 2010), jeho pohlavi (Rendall et al. 2004; Charlton et al. 2009a;
Lemasson et al. 2009), véku (Charlton et al. 2009a), druhu (Schneiderova a Policht 2012),
velikosti (Charlton et al. 2007, 2009a; Lemasson et al. 2009), emoc¢nim stavu (Fichtel et al.
2001), fazi reprodukéniho cyklu u samic (Charlton et al. 2010a), tirovni hladiny androgenii u
samcl (Charlton et al. 2011b) nebo o socidlni situaci, ve které se vokalizujici zvife nachazi
(Tallet et al. 2013). Pfijemci tak mohou tyto informace v signalech rozliSovat a rozhodovat se
na zdklad€ chovani, fyziologie nebo morfologie ostatnich jedinct (Endler 1993). Mnoho
akustickych signalu se také vyvinulo a je pouzivano v kontextu reprodukce a tyto signaly ¢asto
vedou k modifikaci neuroendokrinni fyziologie ptijemce (Ball a Dufty 1998).

U kopytniki je schopnost rozliSovat rizné informace z hlast jedinct stejného druhu
dobfte probddana u nékterych domacich druhti nebo druhti chovanych na farmach (ki domaci:
Lemasson et al. 2009, Proops et al. 2009, Basile et al. 2009; prase domaci: Illman et al. 2002,
[llman et al. 2008; koza domaéci: Briefer a McElligott 2011, Briefer et al. 2012; jelen evropsky:
McComb 1991, Reby et al. 2001, Charlton et al. 2007; dan¢k evropsky: Torriani et al. 2006,
Pitcher et al. 2014), ale vyzkumu rozpoznavani informaci z hlast jedincti stejného druhu u volné
evropskych chovanych na farmach vyznamné napomohl pochopeni jejich reprodukéni biologie.
Lan¢ preferuji samce, kteti vokalizuji rychleji (McComb 1991) a vétsi samce, které rozpoznaji
podle troubenti, jez obsahuje niz$i hodnoty rezonanc¢nich frekvenci (= formant) v hlase a mensi
rozestupy mezi jednotlivymi formanty (Charlton et al. 2007). Lan¢ také dokazi rozpoznat
troubeni dominantniho jelena ze svého stada od troubeni sousednich dominantnich samct
(Reby et al. 2001). Rozdily v rychlosti troubeni jelent koreluji s jejich schopnosti boje a
rychlost troubeni jedince také zéalezi na rychlosti troubeni jeho oponenta (Clutton-Brock a
Albon 1979). Takové znalosti o vokalni komunikaci by byly velmi cenné v managementu a
ochrané nosorozct.

Vokalni projevy nosorozcti byly doneddvna popsany pouze ohledné kontextu, ve kterém
jsou pouzivany (Owen-Smith 1973; Laurie 1978; Goddard 1967; Budde a Klump 2003; von
Muggenthaler et al. 2003; Policht et al. 2008), ale jejich funkce nebyla znama. Vokalni repertoar
nosorozct dvourohych (Budde a Klump 2003), sumaterskych (von Muggenthaler et al. 2003)
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a Cottonovych (Policht et al. 2008) byl studovan bioakusticky v zoologickych zahradach a
vokalni repertoar volné Zijicich nosorozcti tuponosych (Owen-Smith 1973) a indickych (Laurie
1978) byl popsan pouze verbalné. Nékteii autoti diive uvazovali, jestli komunikace nosorozct
neprobiha na dlouhou vzdalenost podobné jako u slonti (Baskin 1991; von Muggenthaler et al.
1993), ktefi reaguji na hlasy ostatnich jedinct az na vzdalenost n€kolika kilometrti (Langbauer
et al. 2001). Pouzivani infrazvuku bylo zaznamenano u vSech druhii nosorozct, které jsou
v soucasnosti drzeny v zajeti (sumatersky, indicky, dvourohy, tuponosy, Cottontiv) (Baskin
1991; von Muggenthaler et al. 1993; Policht et al. 2008), nicméné se zd4, Ze nizké frekvence
obsazené v nékterych hlasech by mohly byt spisSe vedlejsim produktem velkého téla nosorozcii
nez prostiedkem pro komunikaci na velkou vzdalenost (Policht et al. 2008).

Vokalni signdly také mohou slouzit jako prezygoticky reprodukéné izolacéni
mechanismus a omezit nebo zabranit kfiZeni ptibuznych druhii (Ryan a Kime 2003). NosoroZci
tuponosi a Cottonovi jsou blizce piibuzné sesterské druhy (Groves et al. 2010) a maji Siroky
vokalni repertoar, ktery pravdépodobné souvisi s jejich rozvinutym socidlnim chovéanim
(Owen-Smith 1973; Policht et al. 2008). U volné¢ Zijicich nosorozct tuponosych bylo popséano
10 typt hlasovych projevii pouzivanych v socidlnim kontextu (Owen-Smith 1973) a u
nosorozcti Cottonovych v zoologické zahradé Dvir Kralové bylo zaznamenano 11 typt
hlasovych projevii (Policht et al. 2008). Vokalni repertoar je mezi obéma druhy znacné
podobny (Owen-Smith 1973; Policht et al. 2008) (Tabulka 1), nicméné hlas chrapténi (angl.
hoarse) byl zaznamenan pouze u samcu nosorozce Cottonova (Prispévek I.). Tento ndpadny
hlas je pouzivan samci téméf vzdy béhem krmeni, je opakovan v sériich, které maji
pramérnou délku 26 sec a byl popsan u vsech tfech samcii nosorozce Cottonova chovanych v
zoo Dvur Kralové (Policht et al. 2008; Prispévek 1.), ale u nosorozcii tuponosych
zaznamenan nebyl (Owen-Smith 1973; Prispévek 1.). Nosorozci tuponosi a Cottonovi se také
lisi v nckterych parametrech svych kontaktnich hlast, které je mozné s 91%ni
pravdépodobnosti pfifadit ke spravnému druhu. Tyto rozdily mohly vzniknout pfizpisobenim
se konkrétnim podminkdm habitatu, ve kterém se oba druhy pfirozené vyskytuji (PFispévek

L).
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Tabulka 1: Vokalni repertoar nosorozci Cottonovych a tuponosych (Owen-Smith 1973;
Policht et al. 2008; Prispévek L., I1L.).

Typ hlasu a kontext Pouziti*
Sociopozitivni projevy
Sipani Kontaktni hlas, pouzivan béhem piistupu, nasledovani nebo zdraveni jiného  VSichni
(angl. pant)  nosorozce nebo béhem izolace od zbytku stada. Je tvofen sérii sipavych
nadecht a vydechu.
Chraplavé Soucasti hlasu sipani, ktery se 1lisi v zavislosti na kontextu hlasu. Od &
sipani (hic)  klasického sipani je odliSovano intenzivnéjSimi chraplavymi vydechy a
nadechy. Pouzivano dospélym samcem béhem pfistupu k samici, nejCastéji
béhem fije.
Zapi$téni Kratky, vysoky hlas. Pouzivan jen malo, pfedevSim pfi vizualni izolaci MIL., Sub.
(squeak) mlad’at od matky, subadultd od ostatnich ¢lend skupiny nebo pouzivan
subadulty béhem utikani pfed teritoridlnim samcem.
Knuceni Nejcastéji pouzivano mlad’aty pred kojenim. Byva opakovano v sériich. Ml
(whine)
Kiourani Ptipomina kitu¢eni mlad’at. Pouzivano teritoridlnim samcem, ktery se snazi &
(squeal) zabranit samici, ktera ptichazi do fije, v opusténi jeho teritoria.
Agonistické projevy
Hrozba Hrozba zafunénim. Tvofi ji prudky vydech nebo nddech a byva vniman jako  VSichni
funéni ** prvni varovani k pfistupujicimu zvifeti (Obr. 4).
(threat)
Funéni Behaviordlni kontext tohoto hlasu je variabilni, je také pouzivan VSichni
(snort)** v agonistickém kontextu.
Mruceni Nizkofrekvenéni vokalizace, vétSinou nasleduje po hrozbé zafunénim, ¢, Sub.,
(grunt) pokud oponent neustoupil. Subdom.d
Brudeni Usi jsou namifené dozadu, hlava natazena dopiedu a Gsta jsou oteviena. @, Sub.,
(snarl) Nejcastéji byva sméfovan od dospélé samice, ale i subadultnich zvifat nebo  Subdom.
subdominantniho samce k teritoridlnimu samci. Byva pouzivano ve vice &
extrémnich situacich k zastaveni pfistupu oponenta.
Troubeni Piipomina troubeni slona. Pouzivan subdominantnimi, subadultnimi nebo  Sub. &,
(shriek) teritoridlnimi samci za hranicemi jejich teritoria, ktefi jsou konfrontovani Subdom.
nebo pronasledovani mistnim teritoridlnim samcem. Slouzi pravdépodobné &
ke ztlumeni agresivity teritoridlniho samce.
Vrcéeni Opakovéno v sériich. Pouzivano teritoridlnim samcem, kdyz pronasleduje &
(gruft- ostatni nosorozce, ktefi pred nim utikaji. Slouzi pravdépodobné
squeal) k zdraznéni pfitomnosti a hrozby samce.
Hlasy vydavané v dalSich kontextech
Zamruéeni  PouZivano béhem krmeni a dalSich aktivit v blizkosti ostatnich ¢lent staida. @
(grouch) Zaznamenano predevsim ve vokalnim projevu dvou samic nosoroZce
Cottonova.
Chrapténi Repetitivni hlas, ktery miiZe trvat az nékolik minut. Byl zaznamenéan pouze & C.
(hoarse) u dospélych samcti nosorozce Cottonova. Byva vydavan témér vzdy béhem  cotfoni
krmeni.
Frknuti Behavioralni kontext tohoto hlasu je variabilni, je pouzivan napt. béhem VSichni
(puff) ** krmeni, odpocinku nebo v kohezivnich interakcich.

* NejcCastejsi pouziti riznymi vékovymi tiidami nosorozct: Ml. = mladd’ata, Sub. = subadulti, Subdom.

subdominantni, @ = samice, & = samec
** Owen-Smith (1973) popsal funéni u nosorozct tuponosych, které pouzivaji v agonistickém kontextu jako
»snort®, nicméné Policht et al. (2008) rozlisili v bioakustické studii nosorozcti Cottonovych tfi typy funéni (angl.

puff, snort, threat), z nichZ pouze hlas popsany jako ,,threat* byl pouzivan vyhradné¢ v agonistickém kontextu.
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Obr. 4. Samice nosorozce tuponos€¢ho béhem hrozby zafunénim.

Budde a Klump (2003) analyzovali harmonické, Zadonici hlasy (angl. begging calls)
nosorozct dvourohych v zoologickych zahradach kviilli moznosti individudlni identifikace
zvitat a 61% hlast byli schopni pfifadit ke spravnému jedinci. Ackoliv toto Cislo bylo vyrazné
vy$$i nez by umozZiovala nahoda, autofi dosli k zavéru, Ze pravdépodobnost pfifazeni ke
spravnému zvifeti neni dostatecné vysokd pro praktické uréovani jedinct podle hlasu.
Kontaktni hlas sipani nosorozct tuponosych a Cottonovych se sklada ze série nadechd a
vydecht (Owen-Smith 1973; Policht et al. 2008) a opakovani kratkych signali miize byt
v otevieném habitatu, ve kterém se vyskytuji (Owen-Smith 1973; Hillman-Smith 1982, 1987;
Estes 1991), favorizovano kvili snadnéjsi detekci mezi narazy vétru na otevienych planich
(Wiley a Richards 1978). Podtypem kontaktniho hlasu sipani je hlas chraplavé sipani (angl.
hic), ktery pouzivaji dospéli samci béhem pfiistupu k samici, nejcastéji v obdobi fije (Owen-
Smith 1973; Policht et al. 2008; Prispévek III.) (Obr. 5). V dobé¢, kdy samice ptichazi do fije,
se intenzita pfistupu samce k samici a frekvence jeho volani timto hlasem neustale zvysuje.
Chraplavé sipani se lisi od klasického sipani intenzivnéjSimi chraplavymi naddechy a vydechy.
V urcitych socidlnich situacich lze také slySet pfechodné hlasy mezi sipanim a chraplavym

sipanim, které se t€Zko kategorizuji (Owen-Smith 1973; vlastni pozorovani).
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Obr. 5: Pafeni nosorozcii tuponosych. Kdyz samice pfichazi do fije, samec intenzivné
vokalizuje kontaktnim hlasem chraplavé sipani béhem neustalych ptistupii k samici a pokust o
pafeni.

Kontaktni hlasy nosorozct tuponosych a Cottonovych Ize s vysokou pravdépodobnosti
ptifadit ke konkrétnimu jedinci. Jedinci se mezi sebou li§i pfedev§im v ¢asovych parametrech
hlasu a jeho jednotlivych elementl (nadechi a vydechtl) a hlasy dospélych samcii také mohou
obsahovat informace o dominantnim nebo submisivnim postaveni (PFispévek 1.). Kontaktni
hlasy nosorozcli tuponosych se také 1i$i mezi pohlavimi, vékovymi tfidami (mlada a dospéla
zvifata) a socialni situaci vokalizujiciho jedince (jestli je jedinec izolovan nebo je ve vizualnim
kontaktu s ostatnimi nosorozci; Obr. 6, 7). Naptiklad délka hlasu a pocet elementi v hlase je u
dospélych samic a mladych samcti na rozdil od dospélych samci vétsi v izolaci nez ve
vizudlnim kontaktu (PFispévek III.). Délka hlasu a pocet hlasti v sekvenci byvaji delsi
v situacich spojenych se stavem vétsiho rozruSeni (Rendall 2003; Charlton et al. 2010a) a
opakovani elementti v hlase také napomaha lokalizovat ztraceného jedince (Aubin a Jouventin
2002). Samice a mladi samci jsou tedy pravdépodobné v izolaci od vlastni skupinky ve stavu
vétsiho rozruSeni a snazi se s ni znovu spojit (PFispévek III.). Dospéli samci jsou samotarsti

(Owen-Smith 1973) a vétsi naléhavost situace pravdépodobné zazivaji, kdyz jsou v kontaktu se
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samici, zvlasté v obdobi fije, kdy je hlas chraplavé sipani pouzivan nejcastéji (Prispévek IIL.).
Naptiklad samci pandy velké s vyssi hladinou androgent maji delsi hlasy (Charlton et al.
2011b) a hlasy samic jsou delsi v plodné dny (Charlton et al. 2010a). Zajimav¢ je, ze u mladych
samic nosorozcli tuponosych se délka hlasu v zavislosti na socialni situaci neli§i a pocet
elementl v hlase je velmi variabilni (PFispévek IIL.).

Nosorozci tuponosi dokdzi rozpoznat informace z hlasii jedinct stejného druhu i z hlasi
blizce pribuznych nosorozct Cottonovych. Volné Zijici teritorialni samci jsou schopni rozlisit
kontaktni hlasy samcti a samic nosorozct tuponosych a v izolaci od ostatnich nosorozct reaguji
vyrazn¢ intenzivnéji na hlasy samic nez samcu, z ¢ehoz vyplyva, Ze kontaktni hlasy jsou
(Prispévek III.). Samci si znaci své teritorium moci a trusem (Owen-Smith 1973, 1975) a
olfaktorické signaly jsou tedy pravdépodobné pro komunikaci teritoriality vyznamnégj$i. Samci
nosorozcti tuponosych také dokazi rozpoznat pohlavi z hlasi nosorozcti Cottonovych, ale
reaguji na samce 1 samice stejné intenzivné. Samci jsou také po playbaccich kontaktnich hlast
aktivnéjsi, stravi vice asu chiizi a béhanim, znackuji své teritorium nebo vokalizuji kontaktnim
hlasem (Prispéveék IIL.).

Zpusob, jakym zvifata reaguji na signaly vlastniho, a blizce ptibuzného druhu mtze byt
komplexni. Jedinci na n¢ mohou reagovat stejné a divodem nemusi byt neschopnost mezi nimi
rozliSovat, ale to, ze signaly pfibuzného druhu jsou podobné signalim druhu vlastniho a
zaroven nove, pokud se jedna o allopatrické druhy (Braune et al. 2008; Ord a Stamps 2009).
Reakce na signély ptibuzného druhu mohou byt ale 1 intenzivnéj$i nez na druh vlastni (Ord a
Stamps 2009). Samci nosoroZzce tuponosé€ho reaguji intenzivnéji na hlasy teritorialniho samce
nosoroZce Cottonova neZ samce vlastniho druhu (Prispévek III.). Oba druhy jsou allopatrické
(Hillman-Smith et al. 1986) a rozliSovani mezi nimi tedy nemiiZe byt zplisobeno u¢enim a
mohlo by byt vyvoldno efektem novosti (angl. novelty effect; Tulving a Kroll 1995). Neznamé
charakteristiky v hlasech samce nosoroZce Cottonova mohou tedy vyvolat intenzivné;si reakci
(Prispévek II1.).

Se zjisténim, Ze kontaktni hlasy nosorozcti tuponosych a Cottonovych hraji vyznamnou
roli v jejich socidlnim chovéni, vyvstava otazka, jestli i ostatni druhy nosoroZcli pouZivaji
néjaké typy vokalizace k zjiStovani informaci o ostatnich jedincich a jakou funkei jejich hlasy
maji. Také dalsi typy hlasti nosorozcti Cottonovych a tuponosych véetné chraplavého sipani,
by mohly umoziiovat kodovani informaci o vokalizujicim jedinci. Zejména znalosti o vokalni
komunikaci asijskych druhti nosorozcti jsou jen velmi malé (Laurie 1982; von Muggenthaler et

al. 2003). Ackoliv ostatni druhy nosorozcti nemaji tak rozvinuté socialni chovani jako nosorozci
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tuponosi a Cottonovi a nepouzivaji stejny typ kontaktniho hlasu (Goddard 1967; Owen-Smith
1973, 1975; Laurie 1982; van Gyseghem 1984; Penny 1987; Policht et al. 2008), rozpoznavani
informaci z hlast ostatnich jedincti pro né muize byt velmi dulezité stejné¢ jako pro jiné, i
solitarné zijici druhy savci (napf. panda velka: Charlton et al. 2010a, 2010b; koala
medvidkovita: Charlton et al. 2011a, 2012a, 2012b).
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Obr. 6: Oscilogramy (nahote) a spektrogramy (dole) kontaktnich hlasi samcti nosorozce
tuponosého. Dospéli samci ve vizudlni izolaci (A) a ve vizudlnim kontaktu se samici (béhem
tije) (B). Subadultni samci ve vizudlni izolaci (C) a ve vizualnim kontaktu s ostatnimi ¢leny své
skupiny (D). Jednotlivé elementy hlasu jsou oznaceny jako nédechy (N) a vydechy (V). Na
spektrogramech jsou také napadné individualni rozdily v hlasech mezi zvifaty. Parametry
spektrogramti: FFT length 1024, frame size 100%, overlap 87.5%, Hamming window.
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Obr. 7: Oscilogramy (nahote) a spektrogramy (dole) kontaktnich hlasi samic nosorozce
tuponosého. Dospélé samice ve vizudlni izolaci (A) a ve vizudlnim kontaktu s ostatnimi Cleny
své skupiny (B). Subadultni samice ve vizudlni izolaci (C) a ve vizualnim kontaktu s ostatnimi
Cleny své skupiny (D). Jednotlivé elementy hlasu jsou oznaCeny jako nadechy (N) a vydechy
(V). Na spektrogramech jsou také nipadné individudlni rozdily v hlasech mezi zvifaty.
Parametry spektrogrami: FFT length 1024, frame size 100%, overlap 87.5%, Hamming
window.
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Olfaktoricka komunikace nosoroZcu m

Pachové signaly hraji u vétSiny savcl vyznamnou roli v reproduk¢nim a socialnim chovani i
v jejich prostorové organizaci (Eisenberg a Kleiman 1972). Suchozemsti obratlovei vnimaji
pachové signaly hlavnim ¢ichovym systémem, ktery zpracovava piedevsim tékavé signaly a
vomeronazalnim organem, ktery zpracovava hlavné netékavé feromony (Dulac a Torello 2003).
U savct rozliSujeme dva typy pachovych signald, které slouzi ke komunikaci: identifikacni a
emotivni. Identifikacni pachové signély jsou produkovéany pii pravidelnych metabolickych
procesech zvifete a emotivni signadly jsou produkovany pouze za zvlastnich podminek,
napiiklad jako vysledek pfechodného emocniho stavu nebo vnéjsiho stimulu (Brown 1979).
Pachové znacky poskytuji informace o kompeti¢nich schopnostech a kvalité signalizujiciho
jedince (Gosling a Roberts 2001) a signaly v moci nebo trusu savell umoZznuji rozpoznat
ptibuzné (Bates et al. 2008), pohlavi a fazi reprodukéniho cyklu jedince (Swaisgood et al. 2000;
Charlton 2014), jeho identitu (Linklater et al. 2013) a tyto signadly mohou hrat roli i pfi vybéru
partnera (Fisher et al. 2003; Johansson a Jones 2007) a umoznit rozpoznani jeho zdravotniho
stavu (Kavaliers a Colwell 1995). Chemické slozeni pachovych znacek, ale 1 jejich umisténi,
hustota vyskytu v dané oblasti nebo Cerstvost pfispivaji k posouzeni signalizujiciho jedince
prijemcem jest¢ predtim, nez se potkaji (Gosling a Roberts 2001). Jelikoz pachové znacky
byvaji pfijemcem nalezeny Casto bez pfitomnosti signalizujiciho jedince, miize byt pro
potvrzeni jeho identity potieba porovnat pachové znacky s jeho vlastnim pachem (angl. scent-
matching; Gosling 1982).

Olfaktorickd komunikace je velmi dulezitd v socidlnim chovani kopytnikt, ktefi maji
také dobfe vyvinuty vomeronazalni organ (Eisenberg a Kleiman 1972), trus a mo¢ pouZivaji
k znaCeni svych teritorii a vyprazdiovani a moceni u nich muze byt doprovazeno
ritualizovanymi projevy (Grau 1976). Mnoho sudokopytniki ma také specializované pachové
zlazy, jejichz vymésky si znaci své domovské okrsky nebo teritoria (Grau 1976; Estes 1991).
U nosorozci az na nékolik vyjimek zadné specializované pachové Zlazy popsany nebyly
[(nosoroZci tuponosi: predkozkové zlazy (Cave 1966); nosorozci indicti a javsti: pedalni zlazy
(Cave 1962)] a k olfaktorické komunikaci jim slouZi predevs§im signaly v moci a trusu a obecny
pach téla (Goddard 1967; Owen-Smith 1973, 1975; Laurie 1982; van Gyseghem 1984; Penny
1987).

Nosorozci dvourozi signalizuji pachovymi znackami a chovanim mnoho informaci o

sve identité a fyziologii. Samci i samice dé€laji po vyprazdnéni zadnima nohama do zemé ryhy

32



a rozkopavaji tak svlij trus po hnojisti. Samci dé€laji tyto ryhy Castéji nez samice, délka ryh
vzrustd u obou pohlavi s vékem a u samic je také ovlivnéna fazi reprodukéniho cyklu (Freeman
et al. 2014). Nosorozci dvourozi, ktefi byli docasné drzeni v zajeti, dokazi rozpoznat signaly
v trusu o pohlavi, véku a identité jedince. Zajem zvifat o trus ostatnich jedincl se nesnizuje s
jeho stafim az po dobu 32 dni, coz naznacuje, Ze takto stary trus stdle hraje dilezitou roli
v komunikaci nosorozcii (Linklater et al. 2013). Také se ukézalo, ze pii vypousténi nosorozc
dvourohych do nové oblasti muze aplikovani vzorki moci a trusu v okoli mista vypusténi,
ovlivnit pohyb a distribuci zvifat, nicméné¢ je zapotiebi dalsi vyzkum pro lepsi pochopeni vsech
faktort, které ovliviiuji chovani nosorozcti v této situaci (Linklater et al. 2006).

Nosorozci tuponosi a Cottonovi se vyprazdiuji na spolecnych hnojistich, a kdyz
prochazi kolem néjakého hnojiste, vétSinou se zastavi a kupky trusu ocichavaji (Obr. 8). Samci
si znaci své teritorium tim, Ze pfed a po vyprazdnéni zakopdvaji zadnima nohama, ¢imz rozptyli
trus po hnojisti a zadnima nohama délaji také do zemé ryhy, na které sprejovité moci (Owen-
Smith 1973, 1975; van Gyseghem 1984). Samci nosorozcti tuponosych si znac¢i teritorium moci
intenzivnéji blizko hranic svého teritoria na rozdil od trusu, ktery je distribuovan rovnomérnéji
po celém teritoriu. Zda se tedy, ze trus by mohl poskytovat vice informaci o pohybu a distribuci
samcu (Kretzschmar et al. 2001). Samci v obdobi sucha také mohou chodit do sousednich nebo
vice vzdalenych teritorii k vodnimu zdroji a pro samce tedy neni potkani jiného dominantniho
samce nebo jeho pachovych znacek ve svém teritoriu uplné vyjimecné (Owen-Smith 1973).

Stejné jako u nosorozct dvourohych (viz nahote), také u nosorozcti tuponosych slouzi
trus k signalizovani informaci o jedinci. Volné Zijici nosoroZci tuponosi jsou schopni rozpoznat
familiaritu a pohlavi jedince pouze na zaklad¢é pachu jeho trusu. Zvifata ¢ichaji déle k trusu
neznamych nez familidrnich jedincl a doba, za kterou nastane od zacatku c¢ichani k trusu
ostrazitost, se 1i8i v zavislosti na pohlavi i familiarité zvifete, od kterého trus pochéazi. Na trus
neznamych samic nastava ostrazitost diive nez na trus familiarnich samic a u trusu samci to je
naopak. Trus tedy pravdépodobné hraje diilezitou roli v socidlnim chovani a prostorové
organizaci nosorozcu tuponosych (Prispévek II.).

Dospéli volné Zijici teritorialni samci nosoroZce tuponosého maji vyssi hladinu
testosteronu nez submisivni samci (Rachlow et al. 1998) a teritoridlni status samce také
ovliviiuje kvalitu jeho spermatu. Pokud jsou v zoologickych zahradach drzeni dva dospé€li samci
ve stejném zatizeni se skupinou samic, pouze jeden ze samct ma vysokou kvalitu spermatu,
druhy samec ma bud’ stfedni, nebo nizkou kvalitu (Hermes et al. 2005). Pro samice by tedy
mohlo byt nezbytné rozpoznat status samce z jeho olfaktorickych signalii. V recentni studii se

podaftilo izolovat volatilni slozky z trusu volné zijicich nosorozcii tuponosych, které jsou
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asociovany s pohlavim, vékem, teritoridlnim statusem samcil a reprodukcéni fazi samic
(Marneweck 2013). Nosorozci by tedy mohli byt schopni rozpoznat z trusu ostatnich jedinct
kromé familiarity a pohlavi (PFispévek II.) mnoho dal$ich informaci a ke stejnému t¢elu mize

slouzit 1 jejich mo¢. K objasnéni, jaké dalsi informace nosorozci z olfaktorickych signal

zjist'uji, jsou tedy nutné dalsi studie.

Obr. 8: Samice nosoroZce tuponosého se svym mladdétem (sameckem) ¢ichd k trusu na
nosoroz¢im hnojisti, které je umisténo na ceste.
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Zavér a hodnoceni vysledki dizerta¢ni prace m

Vysledky této dizertacni prace predstavuji prvni doklad o tom, Ze hlasy nosorozcti obsahuji
informace o vokalizujicim jedinci a ze zvifata jsou schopna tyto informace rozpoznat.
Kontaktni hlasy nosorozct tuponosych a Cottonovych hraji vyznamnou roli v jejich socidlnim
chovani, umoziuji identifikaci konkrétniho jedince, jeho druhu, pohlavi, v€kové tfidy a socialni
situace (Prispévek L., II1.) a zvitata vyuzivaji informace obsazené v téchto hlasech k urceni
pohlavi nebo druhové ptislusnosti jedincti (Prispévek III.). Tato dizertac¢ni prace také pfinasi
prvni informace o schopnosti voln¢ Zijicich nosorozct rozliSovat informace o ostatnich
jedincich svého druhu pouze na zékladé pachu trusu. NosoroZzci tuponosi jsou schopni z trusu
rozlisit informace o familiarité a pohlavi (PFispévek I1.).

Kontaktni hlas sipani nosoroZcii tuponosych a Cottonovych je mozné s vysokou
pravdépodobnosti piifadit ke spravnému druhu (Prispévek 1.) a samci nosorozct tuponosych
jsou schopni nékteré rozdily v hlasech mezi obéma druhy rozpoznat (Prispévek III.). Tyto
vysledky pfinasi dalsi vyznamné informace o rozdilech mezi obéma druhy, které byly odliSeny
teprve nedavno (Groves et al. 2010; Groves a Robovsky 2011). K zjisténi existence
prezygotické reprodukéni izolace mezi druhy zalozené na vokalizaci jsou ale relevantné;jsi
reakce samic na hlasy samci (Searcy 1992). Jelikoz jsou nosorozci Cottonovi a tuponosi
allopatricti (Hillman-Smith et al. 1986), bylo by velmi zajimavé zjistit, zda rozdily ve vokalizaci
mezi nimi mohou zplisobit preferenci samic pro hlasy samct vlastniho druhu a zda existuje
jakykoliv ndznak reproduk¢ni izolace mezi obéma druhy, ktera by byla zaloZen4 na vokalizaci.

Lepsi znalost komunikace nosorozcii nabizi moznost pro vyuziti téchto poznatkl
v jejich managementu a ochran¢. Mnoho samic nosorozce tuponosého a Cottonova ma v zajeti
nepravidelnou nebo absentujici lutedlni aktivitu (Schwarzenberger et al. 1998; Hermes et al.
2006) a mnoho samcii mé pouze sttedni nebo nizkou kvalitu spermatu (Hermes et al. 2005).
Hladina testosteronu u samcii v zajeti stoupa se vzrustajicim poctem samic, ke kterym maji
pristup (Christensen et al. 2009) a dospéli volné zijici teritoridlni samci maji vyssi hodnoty
testosteronu nez samci submisivni (Rachlow et al. 1998). Endokrinni fyziologie zvitat se ¢asto
méni v odpovédi na akustickou stimulaci (Wingfield et al. 1994) a pachové signély (Eisenberg
a Kleiman 1972; Campbell-Palmer a Rosell 2011). Intenzivni reakce samcil na playbacky
kontaktnich hlasi (Prispévek III.) a jejich intenzivni reakce na vzorky trusu (Prispévek II.)
ukazuji, Ze tyto signaly stimuluji jejich socidlni a teritoridlni chovani. Kontaktni hlasy také

mohou vyznamné ovliviiovat fyziologické procesy samic. Hlas chraplavé sipani pouzivany
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samci nosorozci tuponosych a Cottonovych je pfimo asociovany s reprodukei (Owen-Smith
1973; Prispévek II1.) a mohl by stimulovat samice v iji. Trus, ktery samci pouzivaji k znaceni
teritoria (Owen-Smith 1973; van Gyseghem 1984) by také mohl mit vliv na hormonalni aktivitu
samic, jelikoZz pachové znacky Casto nejsou pouze zpusobem obrany teritoria, ale slouzi i
k pfedavani informaci a ke koordinaci socialniho a reprodukéniho chovéani (Campbell-Palmer
a Rosell 2011).

Playbacky kontaktnich hlasti a vzorky trusu by tedy mohly ovliviiovat endokrinni
fyziologii nosorozct, zlepsit lutedlni aktivitu samic a ovlivnit hladinu testosteronu u samcti,
stejn€ jako bylo ukazano u jinych druhti zvifat (Knight a Lynch 1980; McComb 1987; Perret
1995; Ball a Dufty 1998; Rekwot et al. 2001; Tauck a Berardinelli 2007). Je tedy potieba
podniknout dalsi studie zkoumajici komunikaci nosorozct véetné zjisténi vlivu manipulace

s vokalnimi a olfaktorickymi signdly na hladinu hormoni u zvifat. Manipulace signélti volné

vey

zijicich savcl mize mit také vyznamné vyuziti napt. pii translokaci zvitat k ovlivnéni jejich
pohybu po vypusténi nebo k vytvoteni ,,virtualnich teritorii“ pted vypusténim, coz by mohlo
sniZit riziko konfliktu s rezidentnimi zvifaty (Swaisgood 2007; Campbell-Palmer a Rosell

2011).
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Abstract

Inter-individual relationships particularly in socially living mammals often require a well-developed communication system.
Vocal and olfactory signals are the most important for the communication of rhinos, however, their vocal communication
has been investigated to a very limited extent so far. White rhinos have the most developed social system out of all the
rhinoceros species and vocal signals might therefore play an important role in their social interactions. We recorded
repetitive contact pant calls from six captive northern white rhinos (Ceratotherium cottoni) and 14 captive and free-ranging
southern white rhinos (Ceratotherium simum) and examined if they transmit information about individual identity, species,
social context and age class. Discriminant analyses revealed that a high percentage of the pant calls of both species could
be classified to a correct individual. We calculated signature information capacity of pant calls recorded from adult animals
in isolation at 3.19 bits for the northern white rhinos and at 3.15 bits for the southern white rhinos, which can potentially
allow for a vocal discrimination of nine individuals of both species. We found that pant calls varied by species. Northern
white rhinos had longer calls and also differed from the southern white rhinos in several frequency parameters of their calls.
We also analysed the pant calls of southern white rhinos for the differences between the age classes and between social
contexts in which they were recorded. Our results show that pant calls carry information about individual, species, age class
and context. The ability to recognize this information would allow rhinos, in addition to olfactory cues, to communicate with
highly increased accuracy. A better understanding of communication of white rhinos has potential practical use in their
management and conservation particularly because of the low breeding success of white rhinos in captivity.
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Introduction

Certain aspects of rhinoceros acoustic communication have
been compared to the communication of elephants intensively
studied over recent decades (e.g. [1-3]). It has been hypothesised
that rhinos might be using infrasound for long-distance commu-
nication which would be similar to the communication of
elephants [4,5]. To the best of our knowledge, however, only
basic descriptions of the rhinoceros vocal repertoire are known so
far and no studies have reported any detailed information encoded
in particular rhinoceros calls [6-8].

White rhinos have the widest vocal repertoire out of all the
rhinoceros species whose vocalizations have been studied bioa-
coustically (see [6-8]) and also have the most developed social
system (see [9-13]). Adult white rhinoceros males are territorial
while females, subadults and juveniles live in groups in overlapping
home-ranges [10,11,14]. The most frequently observed long-term
associations of southern white rhinos include 2-3 individuals,
although long-lasting groupings of up to six animals have also been

PLOS ONE | www.plosone.org

recorded [10,15]. Advanced acoustic communication might
therefore be particularly useful for the white rhinoceros. Vocal
recognition of offspring [16,17], mother [18], sex or age class
[19,20], group membership [21,22], individual identity [23,24]
and the dominant or subordinate status of males [25] have been
previously described in many socially living mammals.

Acoustic signals may also serve as a premating isolating
mechanism and restrict reproduction between different species
[26]. Two subspecies of the white rhinoceros have recently been
elevated to the species level, the northern (Ceratotherium cottoni) and
southern white rhinoceros (Ceratotherium simum) [27]. More detailed
research on their possible vocal distinction might contribute
valuable data to this reassessment. Rookmaaker [28,29] has
suggested that due to taxonomic revision, the name northern white
rhinoceros is no longer appropriate and suggests following Heller
[30] and calling it the Nile rhinoceros.

Rhinos are known to utter calls belonging to several categories
including puffing, growling and harmonic calls (see [6-8,10,12]).
The vocal repertoire of black [6], Sumatran [7] and northern
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white rhinos [8] has been studied bioacoustically while the
repertoire of Indian [12] and southern white rhinos [10] has only
been described verbally. Northern and southern white rhinos
share a similar vocal repertoire [8,10] and a detailed comparison
of the vocal repertoires of all rhinoceros species revealed that white
rhinos use a unique category of repetitive calls [8].

Policht et al. [8] suggested that the repetitive contact call pant of
white rhinos, which is not known in other rhinoceros species, could
be used for long-distance communication. White rhinos live in
open habitats [10,31] and the repetition of short signals would
therefore be favoured for long-distance communication in this
environment due to an easier detection between bursts of wind
[32]. Pant is a sequence of inhalations and exhalations and is used
by all sex-age classes when greeting or approaching another
rhinoceros, as a response to previous calls or during separation
from a group [8,10]. Pant is usually apparently directed to a
particular individual [8] and in such vocalizations, individuality in
calls could be expected. The differences in vocalizations between
males can also indicate the quality (red deer: [33]) or social status
(horse: [22]) of the male and therefore influence female mate
choice. Vocal individuality also has the potential to be used in
conservation; individual discrimination and identification of
animals have their implications from census tasks to monitoring
the animals over time [34].

Northern white rhinos are currently on the brink of extinction
with only seven surviving individuals and although the numbers of
southern white rhinos have recently reached over 20,000
individuals in Africa, their population is in danger due to
escalating poaching [35]. The reproduction of both species in
captivity is extremely low (e.g. [36,37]). Although the reasons
behind this are poorly understood, several studies have suggested
that social interactions between captive rhinos might be one of the
possible reasons [38-41]. Research on white rhinoceros commu-
nication might be extremely valuable for an improved under-
standing of their social behaviour.

We investigated whether the contact pant calls of white rhinos
contain sufficient information for recognition of individuals,
species, age classes and contexts. In addition, we also calculated
the signature information capacity Hg present in the pant calls of
northern and southern white rhinos following Beecher [42].

Materials and Methods

Ethics Statement

Research for this project including the recording of calls and
playbacks of pant calls for white rhinos was approved by the Ethics
and Scientific Committee of the National Zoological Gardens of
South Africa (Project P11/03). The research was conducted in
accordance with the guidelines of the Animal Behaviour Society
for the ethical use of animals in research.

Animals and Data Collection

The pant calls of six northern white rhinos were recorded in the
zoological garden Dvir Kralové and the calls of 14 southern white
rhinos in zoological gardens Salzburg, Zlin, Bratislava, Dvar
Kralové and in the South African wildlife reserves Lapalala
Wilderness, Welgevonden Game Reserve and Lichtenburg Biodi-
versity Conservation Centre in 2005-2006 and 2009-2012
(Table 1). We recorded the calls with a Sennheiser directional
microphone (ME 67 with K6 powering module, frequency
response: 40-20,000 Hz*2.5 db) fitted with a Rycote Softie
windshield and digital recorders Marantz PMD 671 or Yamaha
Pocketrak C24 with a 44.1 kHz sampling rate and 16 bits
resolution. The vocalizations were recorded both outside and in
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the stables at distances from 0.5 to 30 m, over a minimum of two
different days for each animal (mean 5*2.5 days, range 2-12 days)
and with the time between the first and last recording varying from
three days to five years for each subject.

The pant calls were recorded in the following context: (1) visual
isolation from other white rhinos (68.1% of the calls), (2) partial
1solation: the animal was visually isolated from the rest of its group,
but was in the company of other white rhinos (10.1%), (3) in visual
contact with group member(s) (21.8%). The animals vocalized
either naturally or replied to our playback of a pant call. The
rhinos became isolated when they either naturally separated
themselves and lost visual contact or when they were separated in
the enclosure or in the stables by the keepers. All the pant calls of
adult males were recorded in visual isolation from other white
rhinos.

Acoustic Analysis

We only included complete calls consisting of a series of
elements in the analysis; single inhalations or exhalations, which
rhinos occasionally produce in excited situations, were not
analysed. We only selected calls which were recorded in good
quality with low background noise. The call elements were
manually marked in Avisoft SAS Lab Pro 5.2.07 (Avisoft
Bioacoustics, R. Specht, Berlin, Germany) with the help of an
envelope curve and spectrogram. The temporal parameters were
then computed automatically using the following spectrogram
parameters: FFT length 256, frame size 100%, overlap 50%,
FlatTop window. These were duration, interval between particular
elements, the distance from the start to maximum amplitude and
start/end time. As the duration of the particular elements and the
number of elements of a certain duration within the call were
highly variable between individuals, we calculated various
parameters in order to extract the most important temporal
characteristics of the calls. We calculated the number of elements
in each call, the call duration, the duration of the longest and
shortest inhalation and exhalation in the call, the order of the
longest inhalation and exhalation in the call, the number of
inhalations and exhalations in the call in the duration from 0.0—
0.4 sec (=in categories 1 and 2, see below) and the percentage of
inhalations and exhalations in a duration 0.0-0.4 sec from all the
inhalations and exhalations in the call. Spectral parameters were
measured using the following spectrogram parameters: FI'T length
1,024, frame size 100%, overlap 87.5%, Hamming window.

As pant calls are repetitive signals, we only selected certain
elements of the calls to measure the spectral parameters. The calls
were divided into inhalations and exhalations and several very
weak elements (2% out of the total number of elements) were
excluded from the analysis to avoid fluctuations in breath intensity.
The inhalations and exhalations were then divided according to
their duration into categories: (1) 0.0-0.2 sec (28.6% of all
elements), (2) 0.21-0.4 sec (50.1%), (3) 0.41-0.8 sec (18.6%), (4)
>0.81 sec (2.7%) (Figure 1). Only one element from the most
numerous group of inhalations and exhalations was chosen for the
analysis (in 2.3% of inhalations and 3.6% of exhalations, we used
an element from the second most numerous group as there was no
good quality recorded element in the first group). Within the
group, the first well-recorded intensive element from the beginning
of each call was chosen. The spectrograms (spectrogram param-
eters: FFT length 1024, frame size 100%, overlap 87.5%,
Hamming window, time resolution 2.9 ms) of these elements were
then analysed in the acoustic programme LMA 2008 (kindly
provided by Kurt Hammerschmidt) and we computed 117
parameters for each selected element.
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Figure 1. Spectrograms of pant calls of adult northern and southern white rhinos. Northern white rhinos: female Nabiré (A) and male Suni
(B). Southern white rhinos: female Yeti (C) and male Natal (D). Inhalations (), exhalations (E) and their affiliation to the categories based on their
duration are shown: category (1): 0.0-0.2 sec, (2): 0.21-0.4 sec, (3): 0.41-0.8 sec, (4): 0.81 sec. (Spectrogram parameters: FFT length 1024, frame size
100%, overlap 87.5%, Hamming window).

doi:10.1371/journal.pone.0098475.9001
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General Statistical Analyses

All the variables were Box-Cox transformed to improve the
normality of their distribution. The dataset contained a few zero
values; they were therefore shifted to the smallest possible value
during the Box-Cox transformation. Statistical analyses were
performed with software IBM SPSS Statistics 20.0 (IBM Corp.,
Armonk, USA) (for conventional discriminant function analyses
and information calculation), R 3.0.2 (R Foundation for Statistical
Computing, Vienna, Austria) (for permuted discriminant function
analyses) and Statistica 12.0 (StatSoft Inc., Tulsa, USA) (for Box-
Cox transformations and Mann-Whitney U tests).

Discriminant Function Analyses

We performed conventional discriminant function analyses
(DFAs) and permuted discriminant function analyses (pDFAs) to
test our ability to correctly assign calls to individual, species,
context and age class. We checked for pair-wise correlations
between variables and only one from a highly correlated pair with
r>(0.8 has been retained in the analyses.

We conducted conventional forward stepwise DFAs to classify
the calls of both species according to the individuals. The variables
were added and removed based on the changes in Wilks’ lambda.
The resulting variables which contributed to the greatest extent to
the recognition between individuals were used as a source for the
final DFAs. We applied a cross-validation (leave-one-out proce-
dure) to validate the results of the DFAs as in this case each call in
the analysis was classified by the functions derived from all the calls
other than that call. We studied the possibility of classifying the
calls of northern white rhinos recorded in various social contexts to
a correct individual (=DFA 1). To avoid overestimation or
underestimation of our results due to the fact that the animals were
recorded in various contexts, we re-ran the analysis using only calls
recorded in isolation (=DFA 2). Similarly, we performed DFA 3
to study the possibility of correctly classifying the calls of southern
white rhinos recorded in various contexts as well as calls recorded
only in isolation (=DFA 4). The DFAs 2 and 4 were only
conducted using the calls of the adult animals to control for any
possible influence of age class on our results.

We then performed pDFAs for nested designs, which is a
randomization procedure used for non-independent two-factorial
data sets when one factor is nested in another. The detailed
procedure is described in Mundry and Sommer [43]. The pDFAs
were conducted using a script written in software R (kindly
provided by Roger Mundry) using 100 random selections and
1,000 permutations. The script is based on the function Ida of the
R package MASS [44]. The pDFA calculates the percentage of
correctly classified objects for the original (i.e. unpermuted) data,
based on the calls used to derive discriminant functions and the
percentage of correctly classified calls for the cross-validated (i.e.
permuted) data, which were not used to derive discriminant
functions [43].

We conducted pDFAs to test our ability to correctly assign calls
to context (= pDFA 1) and age class (adults and subadults; = DFA
2) in southern white rhinos and to assign calls of adult northern
and southern white rhinos recorded in isolation to correct species
(=pDFA 3) while controlling for individual variation. For pDFAs,
we used variables which discriminated best between contexts and
age classes in southern white rhinos and between species. In pDFA
1, we included calls from animals recorded in isolation (Ada,
Kathi, Kifaru, Munyani, Naja, Zanta, Natal, Medupi) and in
visual contact with group member(s) (Yeti, Malia, Tamu, Lekoto,
MO06, Bert) in order to meet the requirements of the nested design
of pDFA as the calls of each individual can only be included in one
context. The same analysis was not performed for the northern
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white rhinos as we were limited by the number of individuals and
the number of recorded calls in each context.

We conducted seven DFAs and pDFAs in total. A sequential
Bonferroni correction was therefore applied to correct the p-
values. A detailed description of all the variables used in the DFAs
is provided in Table S1 and their descriptive statistics in Table S2.
Two-tailed Mann-Whitney U tests were performed to test for
differences in the call parameters between species and between
contexts and age classes in southern white rhinos. We applied the
sequential Bonferroni correction as the data were used for multiple
comparisons.

Information Calculation

We described the variability in calls of northern and southern
white rhinos following Beecher [42], Arnold and Wilkinson [45]
and Carter et al. [46]. We extracted principal components (PCs)
with varimax rotation from call data and ran a parallel analysis
[47] to determine how many PCs to extract from our data. We
saved the PC scores using the Bartlett method and then used the
restricted maximum likelihood to obtain the variance component
estimate (VCE) of the random factors (individual, sex, context, age
class, population) for each retained PC. We weighted the VCE for
each factor by the percentage variance explained by its
corresponding PC to estimate the percentage of variance
contributed by the random factors. As the southern white rhinos
were recorded both in zoological gardens and in wildlife reserves,
we divided them into two groups according to the population
(captive and free-ranging) and included population as a random
factor in the VCE analysis.

The signature information capacity in contact calls was
calculated following Beecher [42], Arnold and Wilkinson [45]
and Carter et al. [46]. We favoured this approach as it allows for a
comparison of signature information content in calls across
different species or sample sizes [42] and it is a standard method
used in many recent papers (e.g. [45,46,48-51]). The information
capacity Hg in a particular vocalization is calculated in bits [42].
The value 275 provides an estimate of the number of individuals,
which can potentially be discriminated on the basis of the call
parameters considered [52]. To avoid any influence of call context
or age class on our results, we calculated Hg from the calls of adult
northern and southern white rhinos recorded in isolation. The
total signature information capacity was calculated from VCEs
(obtained by the procedure described above) for individual and sex
differences (Sg?) and within-individual differences (= unexplained
variation in calls) (Sw?). The total variance (S1?) is the sum of Sp”
and Sw?. The information in each PC was then summed (H; = log,
(S1/Sw)) to calculate the total information capacity in the call
(Hs=YH;) and the repeatability of each PC (SE2/(SE>+Sw?)
[42,45,46].

Results

Description of the Pant Calls of Both Species

We recorded 163 calls of six northern white rhinos, which
consisted on average of 14*4.7 elements with a call duration
6*1.8 sec. The mean frequency range was 4794+1609.6 Hz in
inhalation and 4948%2119.1 Hz in exhalation. The minimum
frequency of the first and maximum frequency of the third
distribution of the frequency amplitude was 175%+139.8 Hz and
9170%3870.6 Hz, respectively in inhalation and 106%=102.1 Hz
and 8351%3825.6 Hz, respectively in exhalation. We recorded
222 calls of 14 southern white rhinos, which consisted on average
of 9£2.6 elements with a call duration 4*0.9 sec. The mean
frequency range was 4504%+1362.6 Hz in inhalation and
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5753%1678.2 Hz in exhalation. The minimum frequency of the
first and maximum frequency of the third distribution of the
frequency amplitude was 530%£260.2 Hz and 12003+4269.8 Hz,
respectively  in  inhalation and < 422*206.2 Hz  and
14768+2757.1 Hz, respectively in exhalation (see Figure 1).

Information Encoded in the Calls of Northern White
Rhinos

The pant calls of northern white rhinos were individually
distinct. A discriminant function analysis assigned 81% of calls
(74% cross-validated) to the correct individual (DFA 1: N=6
animals, n =163 calls, Wilks’ lambda = 0.064, p<<0.001) (Table 2,
Figure 2). We included nine acoustic variables into this model
(Table 3). Three extracted principal components from this model
accounted for 57% of the total variance in calls. Out of this
variation, 32.4% was explained by individual (14.5%), sex (10.8%),
context (1.5%), interaction between the individual and context
(4.7%) and between the sex and context (0.9%).

The ability to assign calls to individuals slightly increased when
we only included calls recorded from the adult animals in isolation
and 87% of calls (79% cross-validated) were correctly classified
(DFA 2: N =6 animals, n= 104 calls, Wilks’ lambda =0.023, p<
0.001) (Table 2). We used the same nine acoustic variables as in
DFA 1. The first three discriminant functions with Eigenvalue>1
explained 94% of the variability. Based on this model, we
calculated the signature information in the pant calls, which was
3.19 bits with a mean repeatability of PCs 0.52.

Information Encoded in the Calls of Southern White
Rhinos

The pant calls of southern white rhinos were classified to the
correct individual with 93% success (83% cross-validated) (DFA 3:
N =14 animals, n =222 calls, Wilks’ lambda =0.0004, p<<0.001)

Contact Calls of the Northern and Southern White Rhinoceros

(Table 2) by using 17 acoustic variables (Table 3, Figure 3). Six
extracted principal components from this model accounted for
73% of the total variance in calls. Out of this variation, 38.8% was
explained by individual (9.3%), age class (7.1%), sex (5.0%),
population (3.4%), context (0.6%), interaction between the
individual and context (6.0%), sex and age class (2.8%), context
and age class (1.9%) and further 2.7% of the variation was
explained by other interactions between these factors.

As the calls of some animals were primarily recorded in isolation
and the calls of others primarily in visual contact with group
member(s) (see Table 1), we conducted pDFA to test whether the
calls vary by these contexts while controlling for individual
variation. By using six variables (Table 4), we could correctly
assign 92% of calls (89% cross-validated) (pDFA 1: N=14
animals, n =208 calls, p=0.01). Pant calls of the southern white
rhinos also varied by age class. We classified 88% of calls (86%
cross-validated) to the correct age class when controlling for
individual variation (pDFA 2: N =14 animals, n=222 calls,
p =0.028). We included five variables in this model (Table 4).

We ran another conventional DFA with the calls of adult
southern white rhinos recorded in isolation. This analysis revealed
similar results as the DFA 3 and 90% of calls (84% cross-validated)
were classified to the correct individual (DFA 4: N =5 animals,
n=109 calls, Wilks’ lambda=0.028, p<<0.001) (Table 2). We
included eight variables in this model (these variables were also
included in DFA 3) and the first two discriminant functions with
Eigenvalue>1 explained 84% of the variability. Based on this
model, we calculated signature information in the pant calls, which
was 3.15 bits with a mean repeatability of PCs 0.71.

Species Differences in the Pant Calls
We conducted pDFA to assess differences in pant calls between
the northern and southern white rhinos while controlling for
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Figure 2. Vocal individuality in pant calls of northern white rhinos recorded in various social contexts. The plot shows the first two
canonical discriminant functions with the centroid values of pant calls for each animal. 1 =Fatu, 2 =Nabiré, 3 =N4gjin, 4 =Nesari, 5=Sudan, 6 =Suni.

doi:10.1371/journal.pone.0098475.9002
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individual variation. To avoid any possible influence of age class or
social context on our results, we only included calls from the adult
animals recorded in isolation. Five variables were included in this
model (Figure 4) and 91% of calls (90% cross-validated) were
assigned to the correct species (pDFA 3: N=11 animals, n=213
calls, p=0.01).

Discussion

The Function of Pant Call and Factors Influencing its
Structure

Despite the growing number of papers devoted to the
information encoded in animal vocalizations, such studies have
been completely lacking for the entire family Rhinocerotidae. Policht
et al. [8] suggested that contact call pant of the northern and
southern white rhinos might serve for long-distance communica-
tion. Since we found that pant carries the individual characteristics
of the caller and contains context-, age class- and species-specific
acoustic features, we agree that it could serve as a signal
advertising the identity and state of the caller at longer distances
than can be achieved by visual or olfactory cues, particularly since
the eyesight of rhinos is weak (e.g. [31]). Certain parameters of
mammalian vocalizations can be highly correlated between
relatives [53], however, relatedness does not necessarily affect

PLOS ONE | www.plosone.org

Table 2. Classification success of pant calls of northern and southern white rhinos in conventional discriminant function analyses
conducted with calls recorded from all the animals in various contexts (DFAs 1, 3) and with calls recorded only from the adult
animals in isolation (DFAs 2, 4).
Individual Sex Calls recorded in various contexts Calls recorded in isolation
% correctly classified % correctly % correctly classified
% correctly classified cross-validated classified cross-validated
Northern white rhinos:
DFA 1 DFA 1 DFA 2 DFA 2
Fatu F 85.7 68.6 833 79.2
Nabiré F 75.5 75.5 75.0 70.8
Najin F 79.4 76.5 875 75.0
Nesari B 86.7 66.7 100 833
Sudén M 77.8 72.2 94.4 833
Suni M 100 100 100 100
Southern white rhinos:
DFA 3 DFA 3 DFA 4 DFA 4
Ada F 100 91.7 100 833
Kathi F 95.7 95.7 93.8 81.3
Kifaru F 85.7 714 85.7 81.0
Munyani B 97.1 88.6 80.0 80.0
Yeti F 88.9 55.6 - -
Malia F 100 714 = =
Tamu F 68.4 63.2 - -
Naja F 94.1 88.2 - -
Zanta F 96.2 84.6 - -
Natal M 100 96.0 100 92.0
Medupi M 100 90.0 - -
Lekoto M 60.0 60.0 = =
Mo6 M 100 100 - -
Bert M 100 60.0 - -
doi:10.1371/journal.pone.0098475.t002

the overall acoustic similarity between the animals [53,54].
Although most northern white rhinos in our study were closely
related, it seems unlikely that it would affect our results because the
calls of unrelated individuals (SUDAN and NESARI) clustered in
DFAs 1 and 2 together and also along with other northern white
rhinos. Only two pairs of the southern white rhinos were related
(see Table 1).

We found that pant calls of the southern white rhinos varied by
age class and social context in which they were recorded. Although
the differences were not statistically significant, subadults produced
calls with shorter total duration and with shorter duration of the
longest and shortest exhalation than adults. This is in accordance
with our expectations since the smaller animals have smaller lungs
and less air volume available for calling. They should therefore
emit shorter calls than the larger animals [55]. The five
parameters, which we used to classify the calls according to the
context also included a number of elements in the calls. The calls
emitted in isolation contained more elements than the calls
emitted in visual contact with group member(s). More frequent
repetition of elements in the pant call could serve to better locate
an isolated individual by the group member(s). In king penguins,
more frequent repetition of syllables helps the chicks to better
locate their parents because of the background noise of the colony
[56]. However, when we studied the differences between the age

June 2014 | Volume 9 | Issue 6 | 98475



Contact Calls of the Northern and Southern White Rhinoceros

£00¥'S/8600"9u0d |euInof/L£E1°0L10p
*UOIIR[RYXD Ul PAINSEIW d|CRlIBA =] ‘UOIIR[RYUI Ul P2INSEIW S|CeIIPA =] "SIXD1UOD SNOLIBA Ul PIPIOdaJ SOUIYL 31YM UISYINOS dY] |8 JO S||ed papn|dul
€ V4@ ‘SIX91U0D SNOLIBA Ul P3PJOdRJ SOUIY SUYM UISYLIOU dY1 || JO S||eD papNn|dul | Y4d YL "UMOYS OS[e dJe Uolduny JuUeUIWLDSIP Yyoes Aq paulejdxa adueleA jo abejuadiad pue anjeausbig ‘umoys ale Ge'0=suoie|a1i0d AjluQ

L'€8 €9L €99 9'6¥ | /x4 L'€8 8'sS % SAlRINWND
A oLl 'Sl L'ee VLT €LC 8'sS IdUBLIEA JO %
L'l 9L €C €€ LOY 9Tl 8G9°C anjeAuabiz

S€0 [zH] pueq A>uanbayy Jueuiwop € jo Aouanbaiy uesy ueawigyp ;|
9€'0 [zH] pueq A>uanbaiy Jueuiwiop € pue ,,z usamiaq ones spnlduwy conesdwe ;|
8€'0— [zH] wnu1dads Jo apnijdwe wnwixew 8yl Jo Aouanbaiq (xew) bayy yead ;|
Sr'0— (Z ‘1L seuoba1ed UI=) 295 $°0—0"0 WOJ} UOIRINP Ul [|BD Ul SUOIIe[eYXD JO "ON Z'l1ed ulou i3
8€'0— 19'0 (29s) uonejeyxs Jo uoneing uoneinp :3
SS0 050 (29s) [|e2 ul uonejeyxs 1sabuo| ay1 Jo uoneing yibua| Juswsd xew :3
(0] 335 $'0—0°0 WOJ) UOIeIND Ul 34 YdIYM ‘|[eD Ul Suolie[eyxa jo abejuadiad abejuadiad-g’| 1ed Ul ou ;|
0¥'0 1Ied> ul uonejeyur 1s96U0| Y3 Jo JSPIO uofieeyur 1sabuoj 19piQ
60— 8¢€0 9’0 (29s) ||e> Ul uoneleyul 3S9UI0YS 3y JO uoneing y1bus| JusW3[d ulw ;|
6v°0 (295) ||e2 ul uonejeyui 1596uU0| 3Y1 Jo uoneing y1bus| JuswWse xew ;|
L0 L¥'0— ||e> ul syuswaje Jo JaquinN DIUEIEIER(IN]
L0 L¥'0— (23s) ||e> Jo uoneing uoneinp [|eD
‘S v ‘€ T ‘L T ‘L

suopuny JueuIwLASI] € V4d

suoljduny jueuiwlpsIq L Y44

soulys IYm uiayinos

soulys 9YM uIdylioN

uondudsap Joys

3|geueA d13snody

"1 <SaN[eAUSBIT YIIM SUOIIDdUN JURUIWLIDSID
[edluoued paziplepuels pue sa|geleA BuleuIWLDSIP USaMIS] SUOIIR[R1I0d dnoib ulyum pajood Buimoys SOuUIYs SUYM UIBYINOS PUB UISYLIOU 1O S3J1IRW 34N1dNIIS Y4 *€ d|qeLl

June 2014 | Volume 9 | Issue 6 | 98475

PLOS ONE | www.plosone.org



Contact Calls of the Northern and Southern White Rhinoceros

5,5-]
@ o) :;
o]
3,5-] @9 o 8 =3
N s Oggoo © I4
- Iz - ye ®5
] ‘. ] (»*Q I * o v6
1,5 i ‘ ® 7,& Igx K ,g @ o *7
o~ x U i . *‘ s X 8
16, & BT x
& 2 ANE RS T gl T, v | =9
= -05-
5 oy .X“":‘Fxl 5% gk ! 210
g . v & A1 11
w e =, * A @12
[T ol H“ P iy &.
25 o 13" =m =13
Moo - LW % %14
*Deﬁz 14 B Group Centroid
|
4,5 =, 5
" 3
6,5 O
T T T T T
-5 -3 -1 1 3 L
Function 1

Figure 3. Vocal individuality in pant calls of southern white rhinos recorded in various social contexts. The plot shows the first two
canonical discriminant functions with the centroid values of pant calls for each animal. 1=Ada, 2 =Kathi, 3 =Kifaru, 4=Munyani, 5= Yeti, 6 = Malia,
7 =Tamu, 8=Naja, 9="Zanta, 10=Natal, 11 =Medupi, 12 =Lekoto, 13=MO06, 14 =Bert.

doi:10.1371/journal.pone.0098475.9g003

classes and social contexts in the southern white rhinos, both age
class categories (adults and subadults) included calls recoded in
various social contexts. Similarly, the tested categories of the social
context included calls recorded from both the adult and subadult
animals (see Table 1). Consequently, we cannot exclude that the
differences between the social contexts were not influenced by the

differences between the age classes and the other way around.
Further studies are therefore necessary to confirm our results.
Pant calls of all four subadult southern white rhinoceros males
clustered together in DFA 3 and the calls of adult northern white
rhinoceros male SUNI were clearly separated in DFAs 1 and 2
from the calls of other rhinos. This could indicate the influence of

PLOS ONE | www.plosone.org 9

Table 4. Differences in the acoustic parameters of pant calls of the southern white rhinos between the social contexts (pDFA 1)
and age classes (pDFA 2).

Acoustic variable’ Short description Mean=*sd? p-value?
pDFA1 In isolation In visual contact

No. of elements Number of elements in call 10.6+2.58 7.6+2.76 0.07

I: fplamax Maximum amplitude of 1°* global frequency peak (relative amplitude) 637.2:403.48 276.3218.61 0.20

I: peak freq (max) Frequency of maximum amplitude of spectrum [Hz] 1107.6+369.36 1713.5+482.16 0.10

I: g3med Median frequency of 3" distribution of frequency amplitude [Hz] 3188.7:894.02 4785.6+1384.89 0.14

E: g3med Median frequency of 3 distribution of frequency amplitude [Hz] 3852.5+1075.60 7463.2+1719.25 0.049

E: dfiend End frequency of 1°* dominant frequency band [Hz] 771.93+£472.60 583.2:500.38 0.27
pDFA2 Adults Subadults

Call duration Duration of the call [sec] 4.6+0.90 3.4+0.98 0.23

E: max element length Duration of the longest exhalation in call [sec] 0.6+0.14 0.4+0.11 0.08

E: min element length Duration of the shortest exhalation in call [sec] 0.3+0.10 0.2+0.06 0.23

E: fplamean Mean amplitude of the 1% global frequency peak 135.4%+110.06 34.1+%37.71 0.04

I: ampratio1 Amplitude ratio between 1 and 2" dominant frequency band 1.3*0.55 0.8+0.25 0.01
"I=variable measured in inhalation, E = variable measured in exhalation.

2The data were calculated as averages of mean values/individual.

3Significance of Mann-Whitney U tests after sequential Bonferroni correction.

doi:10.1371/journal.pone.0098475.t004
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Figure 4. Differences in acoustic variables between the
northern (NWR) and southern (SWR) white rhinos. The analysis
only included calls of adult animals recorded in isolation. Median, box:
25-75% quartilexmaximum, minimum value. Q1min=minimum fre-
quency of the 1°" distribution of the frequency amplitude, Pftotmax=-
frequency of the total maximum amplitude, Quart25 (std)=relative
standard deviation of 25% quartile measured from all spectra between
the start and the end of the element, Noise = percentage of noisy time
segments. Results of Mann-Whitney U tests after sequential Bonferroni
correction: *p=0.07, **p=0.04.

doi:10.1371/journal.pone.0098475.g004

age class and social status on the call structure of males. The bull
SUNI was kept in the stables with females and with an adult male
SUDAN, whose calls clustered together with the calls of the
females. We think that SUNI might have had a subordinate status
as he vocalized with the pant call and answered the playbacks of
pant only in the enclosure, where he and not SUDAN had access.
Unlike SUDAN, SUNI was not observed to vocalize with pant call
in the stables or in the enclosure, where both bulls had access in
turns and where they used olfactory territorial markings. The
coding of male social status has also been recorded in squeals [57]
and contact whinny calls [22] of horses.

Species Differences in White Rhinoceros Vocalizations
Signals evolve in correlation with sensory systems, signalling
behaviour and micro-habitat choice [58]. Policht et al. [59] found
the link between the acoustic parameters of long-range calls and
social system in equids. The northern and southern white rhinos
have a similar social system [10,14,38,41,60], however, the
northern males produce a unique repetitive call hoarse. All three
adult northern white rhinoceros males studied by Policht et al. [8]
(two of them were also included in our study) produced hoarse
calls primarily during non-social activities such as feeding with its
mean duration being 26 sec. Both northern males in our study also
vocalized with a hoarse call during almost all feeding bouts. We
did not record a hoarse call, however, in any of the three studied

PLOS ONE | www.plosone.org
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captive adult southern white rhinoceros males (two of them were
not included in the results due to the low number of recorded pant
calls from them) or in the adult males (n=4) observed during
feeding in several zoos, which we visited. This corresponds with
the observations concerning the free-ranging southern white
rhinos; no hoarse call was recorded during the studies of 11 adult
males by Cinkova et al. [61] and Cinkova and Policht (unpub-
lished data) or during the long-term behavioural study by Owen-
Smith [10]. A hoarse call could therefore be considered an
apomorphy of the northern white rhinoceros, although, its
function remains unclear. This question could be tested by
playbacks of this call to both species, but unfortunately only three
northern males are currently known to survive.

Species distinction in white rhinoceros puffing and growling
sounds was not found by Policht et al. [8], however, their study
only included three southern white rhinos, which prevented them
from performing a more detailed comparison. We found that the
pant calls of northern and southern white rhinos could be classified
to a correct species with a high accuracy. This may be the result of
the repetitive character and more complex structure of pant calls
in contrast to the puffing or growling sounds.

The sensory drive hypothesis for divergence in sexual signalling
between closely related species emphasises the adaptation of
communication systems to local environments [62]. The southern
white rhinos in Kruger National Park in South Africa, where their
largest population is found [63], prefer a habitat with good quality
short grasses and an open to moderate low shrub stratum in
woodland or tree and bush savannah not far from a water source
[64,65]. The northern white rhinos are most probably extinct in
the wild [66], however, they formerly lived in a wetter habitat with
numerous watercourses and marshes in the open long grass
savannah in Garamba National Park in the Democratic Republic
of Congo [67] or in the Shambe area in the Sudan in seasonally
flooded grasslands, wooded savannah and swamps [68]. As the
genetic divergence indicates a separation time over a million years
between the northern and southern white rhinos [27], ecological
differences could have affected certain parameters of their
vocalizations. Lower frequencies of pure tones attenuate (lose the
signal intensity) more rapidly in grassland than in marsh habitat
due to the ground effect [69]. A longer call duration, a lower
minimum frequency of the first distribution of frequency
amplitude and less noise in an inhalation of northern white
rhinoceros pant calls might possibly serve to increase the chance of
signal detection in a wetter habitat and therefore be favoured in
selection.

Individual Signatures in Pant Calls

We showed that pant calls of both species can be classified to
correct individuals with a high success, however, pant calls were
also highly variable within individuals. The total information
capacity of the pant calls of adult northern and southern white
rhinos recorded in isolation was modest (3.19 and 3.15 bits,
respectively) and would allow for a discrimination of approxi-
mately nine individuals of both species based on the call
parameters used [52]. Budde and Klump [6] tested the harmonic
begging calls of captive black rhinos for individual differences, but
found only low inter-individual variation. White rhinos are the
most social of all the rhinoceros species [9-14] and in evolution,
their sociability might select for an increased need to discriminate
individuals. In sciurid rodents, species living in larger social groups
have more signature information in their alarm calls than species
living in smaller groups, which indicates a strong evolutionary link
between the social group size and the vocal individuality [49]. The
most common group size of females, subadults and juveniles of
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southern white rhinos is 2-3 individuals although long-term
associations of up to six animals have also been observed [10,15].
The signature information of the pant calls would therefore be
sufficient for vocal recognition between the members of the
groups, between territorial and subordinate males or neighbouring
territorial males. A similar information capacity, which we found
in pant, was described in marmot alarm calls (3.37 bits) [70] and
the playback experiments revealed that the marmots were indeed
able to extract this information as they discriminated between the
alarm calls from different individuals [19].

Conclusions

The variation between individuals, species, contexts and age
classes which we found in the contact pant call of northern and
southern white rhinos represents the first information reported
concerning any rhinoceros call. Playback studies are now needed
to investigate if the rhinos are able to extract this information.
Understanding the communication of white rhinos is critical as the
lack of social relationships with conspecifics and arising commu-
nication problems amongst captive rhinos might be one of the
contributing factors to their low reproduction. This is crucial
particularly for the northern white rhinoceros, which ranks among
the most endangered mammals in the world. A knowledge of
chemical communication and manipulation of chemosignals has
been very successfully implemented, for instance, in the captive
breeding programme of giant pandas [71]. We emphasize the
need for further research on rhinoceros communication and
believe that manipulated communication signals might potentially
be used in rhinoceros conservation and management and might
help to encourage breeding in captive rhinos.
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Supporting information

Table S1. Description of acoustic variables entered into the discriminant function analyses.

Acoustic Description Software Inclusion of parameter
variable! into DFAs?
DFA 1,2 DFA3 DFA4
Call duration Duration of the call [sec] Avisoft *
No. of elements Number of elements in call Avisoft *
I: max element  Duration of the longest inhalation in call [sec] Avisoft *
length
E: max element Duration of the longest exhalation in call [sec] Avisoft * * *
length
I: min element ~ Duration of the shortest inhalation in call [sec] Avisoft * *
length
I:no.incat. 1,2 Percentage of inhalations in duration from 0.0-0.4 sec (= Avisoft * *
— percentage in categories 1,2) from the total number of inhalations in
call
E:no.incat.1,2 No. of exhalations in call in duration from 0.0-0.4 sec (= Avisoft *
in categories 1,2)
E: duration Duration of exhalation [sec] Avisoft
Order longest Order of the longest inhalation in call Avisoft
inhalation
I: peak Frequency of maximum amplitude of the spectrum [Hz] Avisoft * *
frequency (max)
I: entropy Ratio of geometric mean to the arithmetic mean of  Avisoft *
(mean) spectrum; allows to quantify the randomness of the
sounds
I: entropy (std)  Ratio of geometric mean to the arithmetic mean of Avisoft *
spectrum; allows to quantify the randomness of the
sounds
I: hnr (std) Ratio of harmonic to nonharmonic energy Avisoft * *
I: ampratio2 Amplitude ratio between 1% and 3 dominant frequency = LMA *
band
I: ampratio3 Amplitude ratio between 2™ and 3" dominant frequency =~ LMA *
band
I: g3min Minimum frequency of the 3™ distribution of frequency =~ LMA *
amplitude [Hz]
I: ranmean Mean frequency range [Hz] LMA * *
I: fplamax Maximum amplitude of the 1% global frequency peak = LMA *
[relative amplitude]
I: df3mean Mean frequency of the 3™ dominant frequency band [Hz] LMA *
I: pfmin Minimum peak frequency [Hz] LMA * *
E: fplamean Mean amplitude of the 1% global frequency peak [relative LMA * *
amplitude]
E: pftotmax Frequency of the total maximum amplitude [Hz] LMA *
E: pftrmean Mean deviation between peak frequency and linear trend LMA *
[Hz]

1T = parameter measured in inhalation; E = parameter measured in exhalation; (max) = parameter measured at the
location of maximum amplitude; (mean) = parameter derived from the mean spectrum of entire element; (std)
parameter is computed for all spectra between the start and the end of each element and the relative standard
deviation of these parameters is calculated, this parameter can be used for quantifying frequency or amplitude
modulation.



2An asterisk shows if particular variable was included in DFAs: DFA 1 = DFA conducted with calls of all the
northern white rhinos recorded in various contexts, DFA 2 = DFA conducted with calls of adult northern white
rhinos recorded in isolation, DFA 3 = DFA conducted with calls of all the southern white rhinos recorded in
various contexts, DFA 4 = DFA conducted with calls of adult southern white rhinos recorded in isolation.

Table S2. Descriptive statistics of acoustic variables entered into the discriminant function

analyses.
Acoustic variable Northern white rhinos  Southern white rhinos
Mean sd Mean sd
Call duration [sec] 6.1 1.76 3.9 0.95
No. of elements in call 14.1 4.67 9.2 2.64
I: max element length [sec] 1.0 0.25 0.6 0.23
E: max element length [sec] 0.4 0.17 0.4 0.13
I: min element length [sec] 0.3 0.11 0.2 0.07
I: no. in cat. 1,2 — percentage 0.6 0.19 0.7 0.2
E: no. in cat. 1,2 6.2 2.49 33 1.65
E: duration [sec] 0.3 0.09 0.3 0.08
Order longest inhalation 3.6 3.73 3.5 2.51
I: peak frequency (max) [Hz] 967.3 695.79 1345.5 439.14
I: entropy (mean) 0.3 0.06 0.4 0.05
I: entropy (std) 0.1 0.05 0.1 0.04
I: hnr (std) 0.1 0.04 0.1 0.03
I: ampratio2 1.5 0.72 1.4 0.67
I: ampratio3 1.4 0.41 1.3 0.31
I: q3min [Hz] 1542.0 658.91 2346.7 753.57
I: ranmean [Hz] 4793.6 1609.58 4504.6 1362.65
I: fplamax 305.9 293.22 496.5 333.56
I: df3mean [Hz] 2578.1 853.86 2532.5 736.07
I: pfmin [Hz] 84.5 96.64 2229 194.17
E: fplamean 92.8 123.32 71.5 68.72
E: pftotmax [Hz] 326.6 449.38 930.9 675.68
E: pftrmean [Hz] 895.1 620.55 1438.6 624.27

Descriptive statistics were calculated as averages of mean values/individual and included pant calls recorded
from all the animals in various social contexts. I = parameter measured in inhalation, E = parameter measured in
exhalation.
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Abstract Communication in rhinos is primarily mediated
by the vocal and olfactory signals as they have relatively
poor eyesight. White rhinos are the most social of all the
rhinoceros species, they defecate at common dungheaps
and the adult bulls use dung and urine to mark their terri-
tory. Chemical communication may therefore be particu-
larly important in the social interactions of white rhinos,
and its knowledge could be very helpful in their manage-
ment and conservation. However, no studies have investi-
gated up until now the olfactory discrimination in any
rhinoceros species in the wild. We have experimentally
studied the reactions of the wild southern white rhinos
(Ceratotherium simum) to the dung of familiar and unfa-
miliar adult females and adult territorial males. We regis-
tered the number of sniffing events, the duration of sniffing
and the latency of the vigilance posture from the onset of
sniffing. The dung of unfamiliar rhinos was sniffed longer
than that of familiar rhinos. The rhinos showed a shorter
latency of vigilance posture to the familiar dung of males
than that of females. For unfamiliar dung, they displayed a
shorter latency of vigilance posture to female than male
dung. Our results indicate that the rhinos are able to
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discriminate the familiarity and sex of conspecifics from
the smell of their dung. Olfactory cues could therefore play
an important role in the social relationships and spatial
organization of the southern white rhinoceros.

Keywords Southern white rhinoceros - Ceratotherium
simum - Olfactory discrimination - Communication -
Dung - Familiarity

Introduction

Olfactory signals have an advantage in that they persist for
some period of time in the absence of the depositor and
allow the receivers to specifically assess certain parameters
of their social environment (Eisenberg and Kleiman 1972).
Terrestrial vertebrates perceive olfactory signals via the
main olfactory system, which is receptive to volatile sig-
nals and through the vomeronasal system, which primarily
processes non-volatile pheromones (reviewed by Dulac and
Torello 2003). Olfactory signals often play an important
role in the communication of ungulates (Grau 1976), which
have a well-developed vomeronasal organ (Eisenberg and
Kleiman 1972). Vocal and olfactory signals are extremely
important for communication in rhinos as they have an
excellent sense of hearing and smelling, but relatively poor
eyesight (Penny 1987). Cinkovd and Policht (2014) have
recently determined that the contact calls of white rhinos
contain information on the individual identity, age class,
context and species of the caller (northern versus southern
white rhinoceros) and similar information about the sig-
naller may be present in their olfactory cues. Scent-mark-
ing behaviours provide honest signals of competitive
ability and quality of the signaller to conspecifics in
mammals. The receivers assess the signallers by use of
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intrinsic information (for instance, the density of markings
or the concentration of hormones), by using memorized
information about past opponents and their odours or by
scent matching (Gosling and Roberts 2001). According to
the scent matching hypothesis. the receiver identifies that
an individual is a resource holder and a high-status animal
only after meeting it and matching its odour to the recei-
ver’s memory of the individual’s scent marks (Gosling
1982).

Olfactory cues allowing for the discrimination of indi-
vidual identity, sex or familiarity in mammals can be
contained, for instance, in faeces (horse: Rubenstein and
Hack 1992; Krueger and Flauger 2011; domestic cat:
Nakabayashi et al. 2012; black rhinoceros: Linklater et al.
2013), urine (giant panda: White et al. 2004; African ele-
phant: Bates et al. 2008; koala: Charlton 2014), body odour
(horse: Péron et al. 2014), anogenital gland secretion
(brown bear: Jojola et al. 2012) or in a combination of
odours from anogenital scent marks, urine, faeces and the
pelage (giant panda: Swaisgood et al. 2000). Urine marks
can also allow the discrimination of one’s own urine from
the urine of other familiar conspecifics (domestic dog:
Bekoff 2001).

Apart from the pedal glands that have been reported in
Indian and Javan rhinos (Cave 1962) and the preputial
glands in the white rhinoceros (Cave 1966). rhinos do not
have any specialized scent glands. Dung, urine and gen-
eral body odour thus seem to be the only carriers of scent
cues in the white rhinoceros (Owen-Smith 1973). White
rhinos defecate at common dungheaps and, when
encountering a dungheap, often pause to sniff at dung
accumulation for some time (Owen-Smith 1973). The
adult females, subadults and juveniles of southern white
rhinos live in overlapping home ranges in groups con-
sisting most frequently of two to three individuals (Owen-
Smith 1973, 1975; Shrader and Owen-Smith 2002). The
adult males are solitary and defend territories, which are
exclusive of the territories of other males. They mark
their territory, including its boundaries, by kicking
movements before and after the defecation to scatter their
dung and by spray urination, which is preceded by scrape
marking (Owen-Smith 1971, 1973, 1975; Rachlow et al.
1999).

Marking of the territory boundaries is reported more
often than marking towards the centre of the territory,
which is, however, more usual in very large territories
(reviewed by Gosling and Roberts 2001). Kretzschmar
et al. (2001) observed that the spray marks of adult
southern white rhinoceros males were located closer to the
territory border than their dung. Dung might therefore
provide more information about the movements of an
animal around its territory. In contrast to southern white
rhinoceros females. who only rarely scrape their dung after
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defecation (Owen-Smith 1973), black rhinoceros females
scrape mark more often and the length of the scrapings
carries the information about their reproductive state. The
length of the scrapings increases in both male and female
black rhinos with age (Freeman et al. 2014).

Groves et al. (2010) have recently suggested that two
distinct forms of the white rhinoceros should be elevated
from the subspecies to the species level, the southern white
rhinoceros (Ceratotherium simum) and the northern white
rhinoceros (Ceratotherium cottoni), which has also lately
been referred to as the Nile rhinoceros (e.g. Rookmaaker
2011, Rookmaaker and Antoine 2012) following Heller
(1913). The population of the northern white rhinoceros
presently consists of only seven animals, which makes it
one of the most endangered mammals in the world. The
numbers of the southern white rhinos are estimated to be
20,424, but poaching for their horn is currently on a rapid
increase (Knight 2013).

White rhinos have very low reproductive success in
captivity, and both females and males often suffer from
reproductive pathologies (Hermes et al. 2005, 2006). Social
interactions between the captive rhinos might be one of the
possible reasons for the low reproduction (Meister 1997;
Swaisgood et al. 2006; Metrione et al. 2007; Cinkova and
Bi¢ik 2013; Cinkova and Policht 2014). White rhinos are
the most social out of all the rhinoceros species (see
Goddard 1967; Owen-Smith 1973, 1975; Laurie 1982;
Penny 1987) and develop a network of social relationships
in the wild with their conspecifics inhabiting the same area
(Owen-Smith 1973, 1975). This is not available, however,
to the rhinos living in the limited environments of zoo-
logical gardens. A better understanding of chemical com-
munication in another species with low reproductive
success in captivity, the giant panda, has substantially
helped improve their breeding programme (Swaisgood
et al. 2000, 2003). The use of rhinoceros dung has been
suggested as a management tool to help stimulate the
reproductive and territorial behaviour of captive rhinos
(Fouraker and Wagener 1996) and to assist the manage-
ment of wild rhinos (Linklater et al. 2006). Linklater et al.
(2013) have recently experimentally studied olfactory dis-
crimination in temporarily captive black rhinos. Studies on
the olfactory communication of white rhinos, however,
remain mainly descriptive and anecdotal.

The aim of this study was to test whether the wild
southern white rhinos are able to discriminate familiarity
and sex of their conspecifics from the smell of their dung.
To our knowledge, no such study has ever been conducted
on any rhinoceros species in the wild. Dung is more easily
collected than urine, and we tested the reactions of the
rhinos to the fresh dung as we were unsure how long
possible olfactory cues allowing the discrimination of
familiarity and sex could persist in the dung.
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Table 1 Characteristics of the

] > - Subject Age class  Sex

test subjects and their inclusion

in particular treatments Shrek Adult M
Sophie Adult F
Susan Adult F
Dikgeto" Subadult M
Mo6* Subadult M
Henrie" Subadult M
Paris Subadult F
Sam Juvenile M
Christy Juvenile F
Victor Adult M
Rosy Adult F
Lucy Adult F
Mamasita®  Adult F
Alf Subadult M
Ted Juvenile M
Rosebud Juvenile F
Babs® Juvenile F
Motopi Adult M
Betty Adult F
Kedibone Adult F
Dikgeto Subadult M
Nnete Juvenile F
Sidney Adult M
Mamasita Adult F
Rubee Adult F
MO06 Subadult M
Henrie Subadult M

* The five animals who were Murphy Juvenile M

used as a test subject for the Babs Faveriie F

second time

387
Donor’s familiarity ~ Donor’s sex ~ Donor’s name  Sample number
Unfamiliar F Labata 1
Unfamiliar F Mobhlaki 2
Unfamiliar F Kedibone 3
Unfamiliar F Rosy 4
Unfamiliar F Kedibone 5
Unfamiliar F Mohlaki 6
Unfamiliar F Mohlaki 6
Unfamiliar F Kedibone 3
Unfamiliar F Mohlaki 2
Familiar F Mamasita 7
Familiar F Sophie 8
Familiar F Gill 9
Familiar F Rosy 10
Familiar F Nandi 11
Familiar F Nandi 11
Familiar F Mamasita 12
Familiar F Rosy 10
Unfamiliar M Sidney 13
Unfamiliar M Motopi 14
Unfamiliar M Victor 15
Unfamiliar M Victor 16
Unfamiliar M Victor 15
Familiar M Victor 17
Familiar M Victor 18
Familiar M Shrek 19
Familiar M Victor 20
Familiar M Victor 20
Familiar M Shrek 19
Familiar M Victor 18

Methods
Study area, animals and sample collection

Olfactory communication in the wild southern white rhinos
was studied from May-December 2012 in Welgevonden
Game Reserve (375 kmz) and in Lapalala Wilderness
(360 km?) situated in the Waterberg Biosphere Reserve in
the Limpopo Province, South Africa.

Both reserves are fenced and are situated approximately
50 km apart. The vegetation of both reserves belongs to the
savanna biome and is characterized as Waterberg moist
mountain bushveld. The annual rainfall in this area varies
from 650 to 900 mm, and the altitude ranges from 1,200 to
1,500 m (van Rooyen and Bredenkamp 1996).

We studied the reactions of 24 individually recognizable
rhinos to the dung of familiar and unfamiliar adult females
and adult territorial males. We included in the study ani-
mals of all sex—age classes except for calves younger than
6 months (Table 1). Females were regarded as adults at

6.5-7 years of age when their first calf is usually born and
males between 10 and 12 years of age when they achieve
socio-sexual maturity and become solitary. The subadult
period starts at 2-3 years of age when the juveniles are
driven away by their mothers after the birth of a subsequent
calf (Owen-Smith 1973, 1975).

The dung used in the experiments was only collected
when an adult female or an adult territorial male was
observed to defecate, and we were certain about their
identity. A 2 kg dung sample was placed into air-tight
plastic containers, deep frozen at —20 °C the same day and
used in an experiment up to a maximum of 4 months later
(four samples were stored at only —5 °C for 5-14 days
before being used). Before an experiment, the samples
were left for 24 h to unfreeze at room temperature and
were used within 12 h after defrosting. We used a total of
20 dung samples from eight adult females and four adult
territorial males in the experiments (see Table 1).

The dung used as unfamiliar in Welgevonden Game
Reserve was imported from Lapalala Wilderness and vice
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versa in order to be certain that the test subject had never
come in contact with the donor. Familiar dung was col-
lected from the animals which inhabited the same home
range as the test subject. We never used dung from a
member of a subject’s group as familiar dung. Companions
from the same group only rarely move further apart than 25
metres and remain within five metres distance the majority
of the time (Owen-Smith 1973). Finding the fresh dung of a
companion at a place where the group has just arrived
could therefore alter the reactions of the subjects.

Experimental design

The rhinos were followed by car or on foot, and when the
animals seemed to be walking in the direction of a dung-
heap where no fresh dung was present, an experimenter
placed a 2 kg dung sample there. The trials were only
conducted on dry days to prevent rain from washing away
the scent from the samples. The dung was placed more than
one rhino body length from the nearest dung pile, and the
experimenter then moved away. The distance moved away
from the sample differed between the experiments,
depended on the structure of the habitat (dense or open),
and always allowed a clear view of the study place. The
experimenter paid special attention that the rhinos would
not see her placing the dung near the dungheap and that the
behaviour of the rhinos would not be disturbed in any way.
The reactions of the rhinos were video-recorded for 5 min
using a Canon Legria HF M31 digital camcorder. Reac-
tions were only counted if the subject was up to a distance
of one rhino body length from the sample. All the subjects
finished investigating the dung and left the place before the
end of the observation period. After an experiment fin-
ished, the dung was removed.

In all the successful trials, the dung was approached by
the rhinos within 80 min. If no animal approached the
sample in a maximum of 90 min, but sometimes sooner, it
was removed as the dung beetles usually began removing
the dung by this time (the activity of dung beetles and the
intensity of dung removal increase with increasing air
temperature, see Davis 1996) and we tried to maintain the
same amount of samples in all the trials. The trial began
when a subject started sniffing the dung as this was the only
way we could be sure that the subject was aware of it.

An attempt was made to balance the number of animals
of each sex—age class in the treatments. Due to difficulties
with data collection, however, it was not possible to
include the same number of animals of each sex—age class
in each treatment. The inclusion of certain animals in
particular treatments was often random as it depended on
the availability of unfrozen experimental dung on the
particular day. We also did not know which animals we
would be able to locate that day. A number of trials were
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not successful; the rhinos often did not approach the
experimental dung as it was very difficult to predict the
exact direction where they were heading so that we could
place the dung sample there. Since the adult territorial bulls
seemed to react to the dung samples the most intensively
(including walking or running around and trying to find the
depositor), we included the same number of bulls in each
treatment. Adult bulls are territorial (Owen-Smith 1971,
1973, 1975; Rachlow et al. 1999), and there are usually
more adult females, subadults and juveniles in the reserves
than there are adult bulls. Due to the limited number of
bulls at our study sites, we could either include only one
bull in each treatment or none. In order to increase the
sample size, we included one bull in each treatment.

We only registered the reactions of a maximum of the
first two rhinos from the same group who came to sniff the
same sample (as long as no rhinoceros urinated or defe-
cated near the sample, which might alter the reactions of
others) in order to keep the repetition of the same stimulus
to a minimum. Most often, only one or two rhinos came to
sniff the sample although in two cases, more animals from
the same group arrived (once five and once three animals).
Five rhinos were used as a test subject twice (always in two
different treatments), and we allowed a mean time of
63 days between the consecutive trials on each of these
animals (ranging from 3 days to 4 months) (see Table 1).
This approach was the only practical solution to our
problem with sample size given the difficulty of collecting
these data on wild animals (Wiley 2003). We were careful
to assign animal identity and sample number as random
factors in statistical analyses following Webster et al.
(2012), who were also dealing with a similar problem in a
rare and difficult-to-study species when they investigated
behavioural responses of African wild dogs to the playback
experiments.

Analyses

The video recordings were analysed using the Activities
2.1 computer programme package (Vrba and Donat 1993).
We registered the number of sniffing events, the duration of
the sniffing and the latency of the vigilance posture from
the onset of sniffing which occurred up to a distance of one
thino body length from the sample. Such methods are
commonly applied in analyses of olfactory discrimination
in other mammals including ungulates (Rubenstein and
Hack 1992; White et al. 2004; Krueger and Flauger 2011;
Jojola et al. 2012; Nakabayashi et al. 2012; Linklater et al.
2013; Chamaillé-Jammes et al. 2014; Charlton 2014). All
the experiments in the field were conducted, and all the
video recordings were analysed, by one experimenter (IC)
to avoid any inter-observer variation. Sniffing was defined
as standing with the head down, above or next to the
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sample and with the nose within approximately 20 cm
from the sample. Sniffing was often confirmed by a clearly
visible movement of the nostrils. The vigilance posture was
defined as standing and raising the head, looking and lis-
tening; the animal was either scanning the surroundings or
had its gaze and ears fixed in a certain direction. If a subject
did not assume the vigilance posture, a latency of 5 min
was assigned.

All the analyses were performed with IBM SPSS Sta-
tistics 20.0 (IBM Corp., Armonk, USA), and we regarded
all results with P value <0.05 as statistically significant.
We analysed the reactions of the rhinos to the dung sam-
ples using linear mixed models with a scaled identity
covariance structure and a restricted maximum likelihood
estimation (West et al. 2007). This allowed us to test for the
influence of the fixed effects of donor familiarity, donor sex
and their interaction while accounting for the random
effects of animal identity and sample number. To meet the
assumptions of the linear mixed model, the variables were
Box-Cox transformed (Sokal and Rohlf 2012). The final
Hessian matrix of the linear mixed model with the
dependent variable latency of the vigilance posture was not
positive definite. In such cases, simplification of the model
is recommended by removing the random effects which
may not be necessary (West et al. 2007). We therefore
removed five animals, which were sampled twice (in two
different treatments) from the model, and kept only their
first reaction to dung sample in the analyses (see Table 1).
This allowed us to remove the random effect of animal
identity from the model, and the linear mixed model was

Fig. 1 Investigation of the
dung of unfamiliar and familiar,

Number of sniffing events

then fully completed. The residuals of all the dependent
variables (the number of sniffing events, the duration of
sniffing and the latency of the vigilance posture) from the
linear mixed models were normally distributed (confirmed
with Shapiro-Wilk tests), the homogeneity of variances
was confirmed by Levene’s tests and the distribution of
residuals was also checked visually (q—q plots, histograms,
boxplots).

Neither the sample number nor the animal identity had
any effect on the reactions of the rhinos in the results of the
linear mixed models. The reactions of five rhinos, which
were included in the study twice in two different treat-
ments, and the reactions of a maximum of two animals,
which came to sniff the same sample, could therefore be
considered as independent (McGregor et al. 1992), and
their inclusion in the model thus proved justified.

Results

The rhinos sniffed the dung of unfamiliar animals longer
than that of familiar animals (Fig. I; LMM:
Fi 1166 = 5.228, P = 0.042). The duration of the sniffing
did not differ between the female and male dung
(Fi504 = 0.006, P = 0.943), and there was no influence of
the interaction between the donor familiarity and sex on the
duration of sniffing (F, -5 = 1.200, P = 0.306). The
number of sniffing events was similar between the dung of
familiar and unfamiliar animals (LMM: F| 5200 = 1.309,
P =0.270) and between the female and male dung
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(F1.12.879 = 1.202, P = 0.293). There was no influence of
the interaction of donor familiarity and sex on the number
of sniffing events (F 4,3 = 1.088, P = 0.314). The
latency of the vigilance posture did not differ between the
familiar ~and unfamiliar (LMM: F, 475 = 2.023,
P =0.176) and between the female and male dung
(Fi.1475 = 0.016, P = 0.900). However, the rhinos dis-
played a shorter latency of the vigilance posture to the
familiar dung of males than that of females. For unfamiliar
dung, they showed a shorter latency of the vigilance pos-
ture to the female than male dung (interaction donor
familiarity*donor sex: F 475 = 5.049, P = 0.040) (see
Fig. 1).

Discussion

Our experiments indicate that southern white rhinos are
able to discriminate the familiarity and sex of conspecifics
from the smell of their dung, and to the best of our
knowledge, this is the first such study on any rhinoceros
species in the wild. Olfactory signals can persist in the
environment for some time, and since the southern white
rhinos defecate at common dungheaps (Owen-Smith 1973,
1975), such places could be important sources of infor-
mation for them. We do not know how long the scent cues
allowing for the discrimination of familiarity and sex can
persist in white rhinoceros dung. The ability, however, to
discriminate such signals in the fresh dung as we present
here, could provide the animals with important information
about the movements of other rhinos inside their territory
or home range. Linklater et al. (2013) studied olfactory
communication in temporarily captive wild-caught black
rhinos and found that their interest in the dung of con-
specifics did not decline with the age of the dung for up to
32 days, with the dung being kept protected from rainfall
and direct sunlight. We could therefore predict that the
dung of southern white rhinos might retain important
chemical information for longer than 1 day, a claim which
was supported by our observations of southern white rhinos
being interested in older and dry dung.

In our study, the dung of unfamiliar rhinos was sniffed
on average more than twice as long as the familiar dung
and the differences in the reactions of rhinos to the dung of
females and males were shown in the latency of the vigi-
lance posture, which was at the same time dependent on the
familiarity of the donor. A shorter vigilance posture to the
dung of familiar males compared with the dung of unfa-
miliar males might be explained by the fact that the rhinos
quickly tried to seek out a familiar resident territorial bull
as soon as identity could be established, whereas with
unfamiliar dung, the rhinos spent time sniffing and
attempting to recognize the depositor.
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The scent marks are often positioned at places where
they can be more easily detected, such as along trails and
pathways. In addition, the receiver often benefits from
finding scent marks, and in that case, it should actively
seek them out (reviewed by Gosling and Roberts 2001).
The ability to discriminate the familiarity and sex based
on the dung odours can be very important for the social
behaviour and spatial organization of the southern white
rhinoceros. The territorial bulls often move, for example,
in dry seasons to adjacent or more distant territories to
seek water (Owen-Smith 1973), and in areas with higher
densities of bulls, each territory can be co-inhabited by
adult submissive males (Owen-Smith 1971, 1973, 1975;
Rachlow et al. 1999). It can therefore be essential for the
adult bulls to pay special attention to the scent signals
and to distinguish between the dung of familiar submis-
sive males and territorial neighbours and the dung of
unknown intruders as well as to recognize the dung of an
unknown female walking in their territory. Females and
subadults can similarly benefit from discriminating the
familiarity and sex from odour cues in dung and register
the movements of other groups and of adult bulls inside
their home range. Adult territorial bulls can sometimes
attack the subadults (Owen-Smith 1973, 1975). After
finding the fresh dung of a resident territorial bull, the
subadults might avoid confrontation with him by leaving
the location as; in such a case, it is likely that the bull is
nearby.

Chemical compounds that allow for the discrimination
of familiarity or possible individual signature in the dung
of southern white rhinos remain to be identified. Research
on the vegetation differences between the two study sites
was beyond the scope of our study. We believe that the
higher interest of rhinos in unfamiliar dung was not trig-
gered by the interest in unknown vegetation since the
vegetation of both reserves belongs to the same vegetation
type (Waterberg moist mountain bushveld) (van Rooyen
and Bredenkamp 1996) and the reserves are only situated
50 km from each other (see “Methods™).

Black rhinos can use chemical signals in the dung for
identifying individuals and sex—age classes. Although the
adult females and males investigate the dung of both sexes
similarly overall, there are differences in their reactions
towards the dung of subadult males (Linklater et al. 2013).
In our study, we pooled the subjects from all sex—age
classes because we did not manage to include a sufficient
number of animals to be able to test them separately.
Nevertheless, it seemed from our experiments that the adult
territorial bulls were interested in the experimental dung
the most as they also reacted by marking their territory with
scrapes and spray urination or by walking or running
around and attempting to locate the depositor. Further
research should therefore focus on possible differences in
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the reactions of females and males to the scent cues of
various sex—age classes of rhinos and also on the practical
use of olfactory signals in the management and conserva-
tion of the white rhinoceros.

Linklater et al. (2006) found that black rhinoceros
chemosignals could affect the post-release movements of
the animals and they might therefore have a promising use
in wildlife management. A knowledge of olfactory com-
munication can also be important for encouraging breeding
in  mammals, which reproduce poorly in captivity
(reviewed by Campbell-Palmer and Rosell 2011). Since the
reproductive success of white rhinos is very low in cap-
tivity (e.g. Hermes et al. 2005, 2006; Swaisgood et al.
2006), it might be helpful to provide them with additional
olfactory stimuli to help simulate the presence of other
rhinos and therefore stimulate their social and reproductive
behaviour. A knowledge of olfactory communication in
southern white rhinos might also help us better understand
the communication system of their close relatives, criti-
cally endangered northern white rhinos, and increase the
chance of their reproduction.
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Recognizing information from acoustic signals is crucial in many animals and individuals are
under strong selection pressure to discriminate between the signals of conspecifics and closely
related species. The role of communication signals in species recognition may be
complicated. Here, we first report that rhinos use information encoded in their calls to assess
conspecifics and individuals of closely related species. The southern (Ceratotherium simum)
and critically endangered northern (C. cottfoni) white rhinos are the most social out of all the
rhinoceros species and use a unique contact call pant. We studied the structure of pant calls in
southern white rhinos and found that certain temporal and frequency parameters carry
information about sex, age-class and social situation of the caller. To test whether the rhinos
attend to the sex and species differences in pant calls, we conducted playback experiments on
wild territorial southern white rhinoceros males. Males recognized sex from the calls of
conspecifics and responded more strongly to the calls of females than territorial males, which
suggests that pant calls are more important in male-female than male-male communication.
We also found that southern males discriminated between the female and male calls of
northern species and reacted more intensively to the calls of northern than southern males,
which could have been caused by a novelty effect as both species naturally live in allopatry
and discrimination between them therefore cannot result from learning. Better understanding
of vocal communication in white rhinos has potential management and conservation

implications particularly because of their low reproduction in captivity.

Keywords Southern white rhinoceros, Northern white rhinoceros, Vocal communication,

Vocalization, Sex recognition, Species recognition, Playback experiment
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INTRODUCTION

Communication is a central mediator of all important social behaviours (McGregor and Peake
2000). In contrast to the mammalian olfactory signals (Eisenberg and Kleiman 1972), many
vocal signals are apparently directed to concrete individual/s although they can be available to
many other potential receivers through eavesdropping (McGregor and Peake 2000). Acoustic
signals of mammals have been shown to encode information about individual identity, sex,
species, dominant or subordinate status, fertile phase of females, kinship, signal context and
motivation of the caller (McComb et al. 2000; Lemasson et al. 2009; Charlton et al. 2010;
Mathevon et al. 2010; Schneiderova and Policht 2012 Tallet et al. 2013; Cinkova and Policht
2014; Pfefferle et al. 2014; Pitcher et al. 2014). Receivers can therefore make decisions based
upon the behaviour, physiology or morphology of others through the use of their signals
(Endler 1993).

Signalling via vocalizations is very fast and can have high information transfer rate
while olfactory signals are slow with poor directionality (Endler 1993). Vocal signals mediate
agonistic and affiliative interactions between animals and play a crucial role in determining
the outcome of intra- and intersexual competition (Owings and Morton 1998). Different
signallers can also be perceived in different communication channels (Endler 1993). For
instance, vocal signals regulate intra-group cohesion and coordination in golden brown mouse
lemurs and olfactory signals control distribution of various groups (Braune et al. 2005). All
rhinoceros species have an excellent sense of hearing and smelling, but their eyesight is weak
(Penny 1987). Rhinos defecate at common dungheaps and use vocalizations in intra-specific
interactions (Goddard 1967; Owen-Smith 1973, 1975; Laurie 1982; Penny 1987; von
Muggenthaler et al. 2003; Policht et al. 2008; Linklater et al. 2013). Recent research has
shown that the southern white rhinos (Ceratotherium simum) use olfactory signals in dung to
assess familiarity and sex of conspecifics (Cinkova and Policht 2015) and that contact pant
calls of southern and northern (Ceratotherium cottoni) white rhinos contain sufficient
information for the identification of caller’s identity and its species (Cinkova and Policht
2014). However, it has not yet been experimentally studied in any rhinoceros species if the
animals indeed attend to the cues encoded in their calls and to what degree vocalizations are
preferred as a communication channel from different signallers.

Sensory systems and signals coevolve with species’ breeding behaviour and
microhabitat choice (Endler 1992). There is a strong selection pressure to discriminate

between the vocal signals of conspecifics and closely related species (reviewed by Irwin and
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Price 1999; de Kort and ten Cate 2001; Braune et al. 2008; Schuchmann and Siemers 2010;
Seddon and Tobias 2010) and divergence among the signals of different species may be
favoured especially when they occur in sympatry (Ryan and Kime 2003). The reactions of the
animals to heterospecific calls can, however, be taxon specific and in some species, the
responses are greater in sympatry than allopatry, in other species the opposite is true
(reviewed by Irwin and Price 1999; Braune et al. 2008). The northern and southern white
rhinos live in allopatry and have only lately been recognized as distinct species, which have
been separated for over a million years (Groves et al. 2010). A natural range of the southern
species is southern Africa and of the northern species central Africa (Hillman-Smith 1986a).
Their contact pant calls differ in several call characteristics and allow for a species
identification, which could be caused by adaption to different microhabitats in which they live
(Cinkova and Policht 2014). Until now, however, it is not known whether the rhinos
discriminate between the calls of both species.

White rhinos are the most social out of all the rhinoceros species (Goddard 1967,
Owen-Smith 1973, 1975; Laurie 1982; van Gyseghem 1984; Penny 1987) and adult females,
calves and subadults live in groups in overlapping home-ranges. Adult white rhinoceros bulls
are territorial and mark their territories with urine and dung (Owen-Smith 1973, 1975; van
Gyseghem 1984). The northern and southern white rhinos have a large vocal repertoire
(Owen-Smith 1973; Policht et al. 2008) and use a unique contact call pant, which consists of a
series of inhalations and exhalations. Pant call is used by the animals when approaching or
greeting another rhinoceros or during separation from a group (Owen-Smith 1973; Policht et
al. 2008; Cinkova and Policht 2014). Adult bulls use during the approach of a female,
particularly during courtship a conspicuous type of a pant call called hic (Owen-Smith 1973;
Policht et al. 2008), which can be distinguished from a typical pant call by the erratic and
choking pattern of breathing (Owen-Smith 1973).

Although the population of southern white rhinoceros (Ceratotherium simum)
currently numbers 20,424 individuals, a high number of animals are killed every year by the
poachers (Knight 2013). The northern white rhinoceros (which is also being referred to as the
Nile rhinoceros) is currently on the brink of extinction with only five surviving animals. Both
species reproduce poorly in captivity (e.g., Hermes et al. 2005, 2006; Swaisgood et al. 2006)
and the changes in their social behaviour, a lack of social relationships with conspecifics and
arising communication problems could be one of the possible reasons (Swaisgood et al. 2006;
Metrione et al. 2007; Cinkova and Bicik 2013; Cinkova and Policht 2014, 2015). Behavioural

research can significantly aid conservation and help identify and solve problems with

3



breeding of captive populations (Lindburg and Fitch-Snyder 1994; Fisher et al. 2003;
Swaisgood et al. 2003). Better knowledge of vocal communication in white rhinos might
allow us to manipulate their vocal environment through the use of acoustic stimulation and
modify their endocrine physiology as has been shown in other animals (McComb 1987; Ball
and Dufty 1998) to improve their chance for reproduction.

The aim of this study was to examine if pant calls of the southern white rhinos encode
information on the caller’s sex, age-class and context of the call and to conduct playback
experiments with wild territorial southern white rhinoceros males. We studied if males are
able to discriminate sex from the pant calls of conspecifics and if pant calls are an important
communication channel for male-female and male-male communication. We describe in
detail the reactions to the playbacks with regards to their possible use for stimulation of social
and reproductive behaviour of rhinos. We also studied discrimination of males between the
male and female pant calls of northern white rhinos to determine if they perceive the
differences between the sexes in both white rhinoceros species in the same way and if they
react to them with the same intensity. The way how animals respond to conspecific versus
heterospecific signals can be more complex and although they generally respond more
strongly to the signals of conspecifics than allopatric closely related species, they can also
react to them equally intensively or show a greater reaction to a heterospecific signal (Braune

et al. 2008; reviewed by Ord and Stamps 2009).

METHODS

Studly sites and animals

Playback experiments on the adult territorial southern white rhinoceros males were conducted
between June—November 2011 and May—December 2012 in South African wildlife reserves
Welgevonden Game Reserve (375 km?), Lapalala Wilderness (360 km?) and Mthethomusha
Nature Reserve (72 km?). The calls of the southern white rhinos were recorded in the reserves
mentioned above, in Lichtenburg biodiversity conservation centre (South Africa) and in
zoological gardens in Salzburg, Zlin, Dvir Kralové and Bratislava from 2009—2014. The calls
of the northern white rhinos were recorded in zoological garden Dvir Kralové from 2009-

2012.



Ethical note
This study including the playback experiments and recording of calls was approved by the
Ethics and Scientific Committee of the National Zoological Gardens of South Africa (Project

P11/03) and adhered to the “Guidelines for the treatment of animals in behavioural research

and teaching™ as published by the ASAB (2012).

Recording procedure and acoustic analysis

The calls were recorded using a Sennheiser directional microphone (ME 67 with K6 powering
module, frequency response: 40-20,000 Hz £2.5 db) fitted with a Rycote Softie windshield
and digital recorders Yamaha Pocketrak C24 or Marantz PMD 671 with a 44.1 kHz sampling
rate and 16 bits resolution. The calls were recorded at distances from 1-30 m from a calling
individual. We analysed pant calls (Fig. 1) of 33 southern white rhinos and tested if they
differ between sexes, age-classes (subadults versus adults) and contexts. Since we could not
record calls from a sufficient number of northern white rhinos due to their critical
conservation status, their calls were only used in playback experiments. Calls were recorded
in the following contexts: (1) in visual isolation from other rhinos and (2) in visual contact
with members of a subject’s group (for females and subadult males) or an adult female (for
adult males). Subadult period starts at 2—3 years of age when a juvenile is chased away by its
mother after the birth of a subsequent calf. Females become adult around seven years of age at
first parturition and males between about 10—12 years of age when they attain socio-sexual

maturity and become solitary (Owen-Smith 1973, 1975).
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Fig. 1 Representative pant call of adult female southern white rhinoceros recorded in visual
isolation from other rhinos. Waveform (above) and spectrogram (below; spectrogram
parameters: FFT length 1024, frame size 100%, overlap 87.5%, Hamming window) are

shown. I = inhalation, E = exhalation



We analysed one call from each animal to avoid pseudo-replication (McGregor et al.
1992) and included into the analysis only calls, which were recorded in a good quality with
low background noise. If more calls were recorded from the same individual, we pseudo-
randomly selected one of them as calls from both contexts were available for several animals
and we wanted to achieve approximately similar sample sizes in both contexts. We analysed
the calls following Cinkova and Policht (2014) using Avisoft SAS Lab Pro 5.2.07 (Avisoft
Bioacoustics, R Specht, Berlin, Germany) and computed their temporal parameters (using the
following spectrogram parameters: FFT length 256, frame size 100%, overlap 50%, FlatTop
window). Particular call elements were classified as inhalations and exhalations and
categorized according to their duration: (1) 0.0-0.2 sec, (2) 0.21-0.4 sec, (3) 0.41-0.8 sec, (4)
>(0.81 sec. One representative inhalation and exhalation from the most numerous category
were selected for the measurement of spectral parameters. The spectrograms (FFT length
1024, frame size 100%, overlap 87.5%, Hamming window, time resolution 2.9 ms) of these
elements were also analysed using LMA 2008 (developed by Kurt Hammerschmidt), which
allows for the extraction of different sets of call parameters (Schrader and Hammerschmidt
1997). Based on the results of Cinkova and Policht (2014), we selected and calculated 12
temporal and spectral parameters of calls.

Using Avisoft SAS Lab Pro 5.2.07, we calculated call duration (sec), number of
elements in the call, duration of representative exhalation (sec), duration of the longest
exhalation and shortest inhalation and exhalation in the call (sec), the order of the longest
exhalation in call, peak frequency (max) in an inhalation (= frequency of maximum amplitude
of the spectrum; measured at the location of maximum amplitude; Hz) and entropy (std) in an
inhalation (= allows to quantify the randomness of the sound; the parameter was computed for
all spectra between the start and the end of element and then the relative standard deviation
was calculated). Using LMA 2008, we calculated ampratio 1 in an inhalation (= amplitude
ratio between 1% and 2™ dominant frequency band), fpl amax in an inhalation (= maximum
amplitude of the 1% global frequency peak; relative amplitude) and pftrmean in an exhalation

(= mean deviation between peak frequency and linear trend; Hz).

Playback experiments

We tested the ability of nine adult bulls to discriminate between the pant calls of unfamiliar
female and male southern and northern white rhinos. We used for playbacks the calls of seven
subadult and adult female (aged > 4 years) and three adult territorial male southern white

rhinos and the calls of three adult female and one adult territorial male northern white rhinos.
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The calls of southern males and northern male and females were recorded in isolation and
calls of southern females were recorded both in isolation and in visual contact with group
members. Each call was only used once to avoid pseudo-replication (McGregor et al. 1992).
Playback stimuli were equalized in terms of root mean square amplitude using Avisoft SAS
Lab Pro 5.2.07.

We conducted three sets of playback experiments and each of them consisted of a
playback of control sound, female and male pant call. In experiment 1, we tested if males
(N'=9) in visual isolation from other rhinos discriminate between the calls of female and
male southern white rhinos. In experiment 2, we tested if males (N =7) in visual isolation
discriminate between the calls of female and male northern white rhinos. In experiment 3, we
studied if males (N = 6) in visual contact with a female (in distance from 2 to 7 rhinoceros
body lengths from her) react differently to the calls of female and male southern white rhinos.
The calls were only played when a female’s group consisted of a maximum of three rhinos
since a higher number of animals could increase a probability that their behaviour would
affect the reaction of a subject. We used calls of widespread South African birds as a control:
African grey hornbill (Tockus nasutus), Swainson’s francolin (Pternistes swainsonii), pied
crow (Corvus albus), hadeda ibis (Bostrychia hagedash), blacksmith plover (Vanellus
armatus) and white-faced duck (Dendrocygna viduata).

The stimuli were broadcast using a Barrel digital player and a custom-built
loudspeaker (power output: SOW, frequency response: 48—20,000 Hz + 3 db) connected to an
amplifier (kindly constructed by P Krchiidk and M Deutschl, Department of Biophysics,
Palacky University). The loudspeaker was placed in the vehicle and the calls were broadcast
at a distance of about 1540 m from the subjects. The rhinos in the study areas were
habituated to the presence of the vehicles and the stimuli were played when a subject was in a
relaxed state (i.e. grazing, standing or lying) and was not looking in the direction of speaker.
There was a mean interval of 11 days between consecutive experiments on one animal and
bulls were exposed to particular experiments in random order.

Pant calls within an experiment were played in random order, were separated by at
least six minutes and the second call was only played when a subject was in a relaxed state
again. Pant calls were broadcast with peak amplitudes at sound pressure level of 85-97 dB
(measured at 1 m from the speaker) depending on the distance of rhinos from the speaker (85
dB for 15 m and 97 dB for 40 m) and their volume was equivalent to a naturally panting
rhinoceros. The subject’s behaviour was video-recorded using digital camcorder Canon

Legria HF M31 one minute after the onset of control sound and five minutes after the onset of
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a pant call. We chose shorter recording time after the control sound to minimize the
possibility that a subject would leave a study site before pant call was played and we
considered it as sufficient since the animals either reacted to it with a low intensity or did not
react at all (see Fig. 3). Since locating the animals for the study and waiting for the right time
to play a call is much more difficult in the wild than e.g. in controlled settings of zoological
gardens, we preferred a higher chance to obtain the data over the equal recording times after

the playbacks.

Statistical analyses
Statistical analyses were performed using IBM SPSS Statistics 20.0 (IBM Corp., Armonk,
USA). A significance level of p < (.05 was accepted and all tests were two-tailed.

We tested if the acoustic parameters of pant calls of the southern white rhinos differ
between sexes, age-classes and contexts using univariate general linear models (GLM). The
call parameters were BoxCox transformed (Sokal and Rohlf 2012) prior to the analyses to
normalize their distribution (confirmed with Shapiro-Wilk tests) and achieve homogeneity of
their variances (confirmed by Levene’s tests). We only report results that were statistically
significant or closely approached significance (for other results see Table S1 in the
Supplementary material).

The video recordings with the reactions of males to the playbacks were analysed using
the computer program package Activities 2.1 (Vrba and Donat 1993) and we used for
statistical analyses exact non-parametric tests due to the small sample size (Mundry and
Fischer 1998). The reactions to the control sound, female and male pant calls in each
experiment were scored according to their increasing intensity (Table 1) and tested with exact
Friedman ANOVA. Multiple comparisons were conducted using exact Wilcoxon matched-
pairs tests followed by a sequential Bonferroni correction. Potentially confounding factors
speaker-subject distance, volume of playback and order of a call in an experiment had no
effect on the intensity of reaction of males to the pant calls (see Table S2 in the
Supplementary material). The activity of the subjects after the playbacks (proportion of time,
which they devoted to grazing, walking / running, standing and lying) was tested using exact
Friedman ANOVA. If the results were significant, we tested particular categories with exact
Wilcoxon matched-pairs tests and applied sequential Bonferroni correction. As the dataset
contained zero values, we replaced them with the value 0.001.

We further analysed only the reactions to the pant calls and registered the latency and

duration of vigilance, looking and turning body towards the speaker and the latency of
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approaching, calling with contact call and marking the territory with dung or urine (see Table
1 for description of these behaviours) from the onset of playback. If certain behaviour did not
occur, latency of 300 sec was assigned. We conducted principal component (PC) analysis (for
rationale see McGregor 1992) for all three experiments using varimax rotation and saved PC
scores using the Bartlett method. We included in each PC analysis only such behavioural
measures, which fulfilled our criteria. The latency of a particular behaviour was only included
when the behaviour was registered in at least > 25% of reactions in a particular experiment. If
a certain behaviour was recorded in all the reactions in an experiment, we used its duration
instead of latency since we believe that it provides more information. In experiment 2, the
latency of approaching fulfilled our criteria, however, it was only little correlated with other
behavioural measures and the Kaiser-Meyer-Olkin and Bartlett’s criteria for the use of PC
analysis were not fulfilled. We therefore removed the latency of approaching from the
analysis. Similarly, we removed the latency of calling with contact call from the PC analysis
in experiment 3. All the three PC analyses then fulfilled Kaiser-Meyer-Olkin and Bartlett’s
criteria so their use was justified (McGregor 1992). The scores of the first PC in each
experiment were compared using exact Wilcoxon matched-pairs test to determine whether the
responses to the playback stimuli differed. In addition, particular reactions were also tested
separately using exact Wilcoxon matched-pairs tests to help us identify concrete behaviours,

which differed between both types of playback.



Table 1 Reactions of the rhinos to the playback experiments ordered according to their

increasing intensity

No. Reaction

(0) No reaction

(1) Vigilance: standing or lying with raised head, gaze fixed or scanning

(2) Looking: head is raised facing the speaker in an angle equal to or less than 30°

(3) Turning body towards the speaker in an angle equal to or less than 30°

(4) Turning body towards the speaker and marking the territory with dung or urine

(5) Walking or running away from the speaker*

(6) Approaching the speaker or a female

(7)  Approaching the speaker or a female and marking the territory with dung or urine or
calling with pant

(8) Approaching the speaker or a female, marking and calling

(9) Running towards the speaker or a female

(10) Running towards the speaker or a female and marking or calling

(11) Running towards the speaker or a female, marking and calling

(12) Running towards the speaker, then approaching a female and marking or calling

(13) Running towards the speaker, then approaching a female and marking and calling

* This activity was only registered if it was not affected by other stimulation as e.g. walking
away from the speaker because the animal started walking towards the waterhole, which was

nearby in that direction.

RESULTS

Sex, age and context differences in pant calls

Males had smaller fpl amax in an inhalation (GLM: F25=6.497, P=0.017), shorter duration
of exhalation (Fi25=6.012, P=0.022) and shorter duration of the shortest inhalation in call
(F125=5.316, P=0.03) than females (Fig. 2). Subadults had shorter call duration (F;25=9.175,
P=0.006), lower ampratio 1 in an inhalation (F;25=8.432, P=0.008), less call elements
(F125=5.408, P=0.028) and shorter duration of the longest exhalation in the call (Fi25=4.377,
P=0.047) than adults. The animals in visual isolation tended to have lower entropy (std) in an
inhalation than animals in visual contact with others (Fi25=4.205, P=0.051). There was an
interaction between the sex and age-class in the duration of shortest inhalation in call
(F125=5.448, P=0.028). We found an interaction between the age-class and context in the
duration of exhalation (Fi25=10.884, P=0.003), the duration of shortest exhalation
(F125=8.691, P=0.007), pftrmean in an exhalation (F;25=5.749, P=0.024), the order of the
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longest exhalation in call (Fi25=4.283, P=0.049) and entropy (std) in an inhalation
(F125=4.272, P=0.049). Statistical interactions also indicated differences between the sexes,
age-classes and contexts in the number of elements in call (Fi25=13.903, P=0.001), call
duration (F125=7.977, P=0.009), order of the longest exhalation in call (Fi25=7.887, P=0.01)
and duration of the shortest inhalation in call (F125=4.406, P=0.046).

Discrimination of sex from the calls of southern and northern white rhinos

The males in isolation reacted to the control sound, female and male southern white
rhinoceros calls in experiment 1 with significantly different intensity (exact Friedman
ANOVA: N=9, x2 »=14.824, P<0.001) and their reaction was more intensive towards the calls
of females than males (exact Wilcoxon test: N=9, Z=-2.673, Bonferroni corrected P=0.012)
(Fig. 3). The time, which the males devoted to walking and running after the playback of
control sound, male and female pant call was significantly different (exact Friedman
ANOVA: N=9, *,=8.267, P=0.012) (Fig. 4). We included five behavioural measures in PC
analysis (Fig. 5) and the first principal component (PC1) explained 56% of the total variance
(see Table S3 in the Supplementary material). By comparing PC1 scores, males’ reactions to
the male and female calls were found to be significantly different (exact Wilcoxon test: N=9,
7=-2.547, P=0.008).

The intensity of reaction of the males in isolation to the control sound, female and
male northern white rhinoceros calls in experiment 2 significantly differed (exact Friedman
ANOVA: N=7, ¥?2=11.385, P=0.001), but males reacted to the female and male calls with the
same intensity (exact Wilcoxon test: N=7, ties=2, Z=-0.135, Bonferroni corrected P=1) (Fig.
3). Males devoted significantly different time to walking and running after the playback of
control sound, male and female pant call (exact Friedman ANOVA: N=7, x*2=8.000,
P=0.016) (Fig. 4). We included five behavioural measures in PC analysis (Fig. 5) and the PC1
explained 47% of the total variance (see Table S3 in the Supplementary material). By
comparing PC1 scores, we found that the reactions to the male and female calls significantly
differed (exact Wilcoxon test: N=7, Z=-2.197, P=0.031).

The differences in the intensity of reaction of males in visual contact with a female to
the control sound, female and male southern white rhinoceros calls in experiment 3 closely
approached significance (exact Friedman ANOVA: N=6, y*2=6.333, P=0.052). The intensity
of reaction to the calls of females and males did not differ (exact Wilcoxon test: N=6, Z=-
0.632, Bonferroni corrected P=1) (Fig. 3) as well as the activity of males after the playbacks
(Fig. 4). Five behavioural measures were included in PC analysis (Fig. 5) and the PCI
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explained 45% of the total variance (see Table S3 in the Supplementary material). We
compared PC1 scores and found that there were no differences in the reactions to the male

and female calls (exact Wilcoxon test: N=6, Z=-0.524, P=0.688).
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Fig. 2 Acoustic parameters (mean + SE) of southern white rhinoceros pant calls according to

sex, age-class and context. E =exhalation, I=inhalation, Sub = subadult, Ad = adult,

F = female, M = male. See methods for explanation of abbreviations of acoustic parameters
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Fig. 3 Intensity of reaction of males to the playbacks in particular experiments. The intensity

increases on scale from 0—13 (see Table 1). ** P <0.05, * P <0.1
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Fig. 4 Proportion of time devoted by the males to grazing, walking/running, standing and lying

after the playbacks in particular experiments (mean + SE). ** P < 0.05, * P < 0.1
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Fig. 5 Reactions of the bulls towards the male and female pant calls (mean + SE) included in

PC analyses in experiment 1 (a), 2 (b) and 3 (c). ** P <0.05, * P <0.10

DISCUSSION

We provide the first evidence of cognitive abilities in any rhinoceros species in terms of
discriminating information from vocalizations of conspecifics and closely related allopatric
species. Adult southern white rhinoceros males in isolation from other rhinos in experiment 1
discriminated sex from the contact pant calls of conspecifics and reacted more intensively to
the calls of females than territorial males, showed a shorter latency to turn body towards the
speaker and approach it and a shorter latency to mark their territory. This suggests that pant
calls are less important communication channel for interactions between territorial males than

between a male and a female. Adult males mark their territory with dung and urine (Owen-
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Smith 1973) and react intensively to the olfactory signals in dung of adult males including
walking or running around and attempting to find the depositor (Cinkova and Policht 2015).
Pant calls were therefore probably not selected in the context of territorial male-male
communication, which can preferentially occur via the olfactory signals as in certain
situations, one communication channel can be favoured at the expense of other ones (Endler
1993).

Duration of a call or its parts is in mammals often longer in males than females as they
usually have a bigger size and therefore larger lungs with greater air volume available for
calling (reviewed by Ey et al. 2007; Lemasson et al. 2009). However, males of some primate
species without sexual size dimorphism have shorter calls than females (reviewed by Ey et al.
2007) and females were found to prefer males with the shortest calls (Miller et al. 2004).
Height of the white rhinoceros males largely overlaps with that of females (Hillman-Smith et
al. 1986b; Groves et al. 2010) although they are heavier (Owen-Smith 1973) and we found
that males have a shorter duration of exhalation and of shortest inhalation in contact calls than
females. These call characteristics might allow a male to better intercept other animals’
movements or vocalizations between particular call elements. Several temporal parameters of
calls including call duration and number of elements in call depended on the sex, age-class
and context at the same time. Calls of adult males in isolation were shorter and contained less
elements than calls recorded in visual contact (=hic calls, see Introduction) in contrast to the
calls of adult females and subadult males (see Fig. 2). Longer call duration and higher number
of calls per bout have been shown to be associated with increased arousal (Rendall 2003;
Charlton et al. 2010) and more frequent repetition of syllables could help other animals locate
the caller (Aubin and Jouventin 2002). The adult white rhinoceros males are solitary (Owen-
Smith 1973, 1975) and they therefore do not experience in isolation any strong need to re-
associate with a group like females or subadults. On the contrary, adult males can experience
higher arousal while in visual contact with a female since hic calls are most often uttered
when a female is in oestrus. Interestingly, calls of subadult females did not differ in duration
between contexts and number of elements was highly variable.

Bulls in isolation discriminated between the calls of female and male northern white
rhinos in experiment 2 and responded to them strongly and with the same intensity. Bulls in
the same social context therefore reacted intensively to the female calls of both northern and
southern white rhinos and to the calls of northern male, but their reactions to the southern
males were weak. This suggests that males indeed attend to the differences in vocalizations

between male calls in both species and since they are naturally allopatric (Hillman-Smith
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1986a), discrimination between them cannot result from learning. The role of communication
signals in recognition between conspecifics and closely related species may be complicated
and animals can show a greater reaction to a heterospecific signal (reviewed by Ord and
Stamps 2009). If territorial southern males prefer an olfactory channel for male-male
communication (see above) and do not react strongly to the pant calls of conspecific males, a
similar vocal signal of a northern male, which contains different and unknown call
characteristics could cause more intensive reaction due to a novelty effect (Tulving and Kroll
1995).

Bulls also marked their territory sooner after the playbacks of southern females than
males, but later after the playbacks of northern females than male (however, the differences
between both sexes of northern white rhinos were not significant, see Fig. 5). The
asymmetries in reactions to the female and male calls of both species could also suggest that
the differences between the calls of both sexes are distinct between the northern and southern
species, which has also been shown in other closely related mammalian species (e.g. Siemers
et al. 2005). Playbacks of calls of both white rhinoceros species to the females are necessary
to determine if there is any indication of reproductive isolation between them based on the
vocalizations as female reactions to the male calls are more relevant to assess this (Searcy
1992). For instance, red deer and sika deer naturally live in allopatry, but sometimes hybridize
when in sympatry after introductions and females of both species display different reactions to
the calls of conspecific and heterospecific males. Although red deer females show a
variability in their reactions, they generally prefer roars of conspecific males (Wyman et al.
2011), but sika females do not show any preference for roars of sika versus red deer males
(Wyman et al. 2014).

We did not find any differences in the reactions of bulls in visual contact with a female
to the female and male calls of southern white rhinos in experiment 3. In contrast to the
experiment 1, bulls often approached the speaker or a female in reaction to the pant calls of
both sexes and were also calling or marking their territory. We suppose that their reactions
were influenced by the presence of a female as the attitude of the animals towards acoustic
signals can change depending on the audience (Vignal et al. 2004). Intensities of the reactions
of males were variable, particularly to the male calls, which could have been caused by a
concrete social situation with a female or by a different position of speaker in relation to a
female and a subject male in particular trials. Experiment 3 contained the lowest sample size
from all three experiments and a larger sample size would therefore be necessary to determine

which factors influence males” perception of signals in the presence of a female.
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Stimulation of the animals using vocal and olfactory signals has been found to affect
physiology of domestic and farmed mammals. Red deer females conceive earlier when
exposed to playbacks of male roars during the pre-rut period (McComb 1987), dairy cows
increase milk production when exposed to playbacks of calf vocalizations (McCowan et al.
2002), the success of artificial insemination is greater when dairy cows are continuously
exposed to bull urine than steer urine (Tauck and Berardinelli 2007) and male’s urine, wax
and wool have a stimulating effect on ovulation in sheep (reviewed by Rekwot et al. 2001).
Intensive reactions of the territorial bulls to the pant calls in our study suggest that pant call
can stimulate the social and territorial behaviour of rhinos. It might therefore find together
with olfactory signals in dung (Cinkova and Policht 2015) use in behavioural manipulation
techniques and help optimize the management of rhinos and improve chances for their

breeding in captivity.
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ELECTRONIC SUPPLEMENTARY MATERIAL

Table S1: Differences between sexes, age-classes and contexts in the acoustic parameters of

pant calls. Results of univariate general linear models are shown. N = 33, df eror = 25.

Call parameter df Mean F Sig.
Square
Sex Number of elements 0.476 0.106 0.747

0.194 1.001 0.327
0.003 0.397 0.534
0.006 5.316 0.030
0.006 2.006 0.169
0.027 6.012 0.022
5.750 3.445 0.075
1049.741 0.048 0.829
0.072 3.460 0.075
4.874 6.497 0.017
0.001 1.120 0.300
6.325 0.286 0.598

Call duration

Duration of longest exhalation
Duration of shortest inhalation
Duration of shortest exhalation
E: duration

Order of longest exhalation

I: peak freq (max)

I: ampratio 1

I: fplamax

I: entropy (std)

E: pftrmean

24276 5.408 0.028
1.773 9.175 0.006
0.038 4.377 0.047
0.000 0.034 0.855
0.003 0.939 0.342
0.007 1.617 0.215
0.336 0.201 0.657

41253930  1.880 0.183
0.175 8.432 0.008
0.005 0.007 0.934
0.000 0.138 0.713
18.625 0.842 0.368

Age-class  Number of elements
Call duration
Duration of longest exhalation
Duration of shortest inhalation
Duration of shortest exhalation
E: duration
Order of longest exhalation
I: peak freq (max)
I: ampratio 1
I: fplamax
I: entropy (std)
E: pftrmean

1.066 0.237 0.630
0.019 0.098 0.757
0.000 0.037 0.850
0.002 1.284 0.268
0.000 0.149 0.703
0.003 0.699 0.411
0.311 0.186 0.670
2633.355 0.120 0.732
0.005 0.230 0.635
1.910 2.545 0.123
0.004 4.205 0.051

Context Number of elements
Call duration
Duration of longest exhalation
Duration of shortest inhalation
Duration of shortest exhalation
E: duration
Order of longest exhalation
I: peak freq (max)
I: ampratio 1
I: fplamax
I: entropy (std)

— | e e e e e e ek e e e b e | e e e b e e e b et e ek b | e et e ek e e e e e e e

E: pfirmean 3.012 0.136 0.715
Sex * Number of elements 8.072 1.798 0.192
age-class Call duration 0.001 0.003 0.957



Duration of longest exhalation 1 0.013 1.441 0.241
Duration of shortest inhalation 1 0.007 5.448 0.028
Duration of shortest exhalation 1 0.002 0.647 0.429
E: duration 1 0.006 1.331 0.259
Order of longest exhalation 1 0.223 0.133 0.718
I: peak freq (max) 1 33871.967 1.544 0.226
[: ampratio 1 1 0.018 0.881 0.357
[: fplamax 1 0.328 0.437 0.515
[: entropy (std) 1 0.000 0.259 0.615
E: pftrmean 1 6.612 0.299 0.590
Sex * Number of elements | 3.173 0.707 0.408
context Call duration I 0.382 1.977 0.172
Duration of longest exhalation 1 0.014 1.617 0.215
Duration of shortest inhalation 1 0.000 0.000 0.994
Duration of shortest exhalation 1 0.000 0.091 0.765
E: duration 1 0.000 0.045 0.833
Order of longest exhalation 1 0.576 0.345 0.562
[: peak freq (max) 1 6941.030 0.316 0.579
[: ampratio | 1 0.007 0.351 0.559
I: fplamax 1 0.021 0.028 0.867
I: entropy (std) 1 0.000 0.262 0.613
E: pftrmean 1 2.283 0.103 0.751
Age-class * Number of elements 1 4.382 0.976 0.333
sontext Call duration I 0.190 0.982 0.331
Duration of longest exhalation 1 0.009 1.031 0.320
Duration of shortest inhalation 1 0.003 2.527 0.124
Duration of shortest exhalation 1 0.025 8.691 0.007
E: duration 1 0.050 10.884 0.003
Order of longest exhalation 1 7.150 4.283 0.049
[: peak freq (max) 1 85991.737  3.919 0.059
[: ampratio 1 1 0.063 3.061 0.092
[: fplamax 1 2.191 2.921 0.100
[: entropy (std) 1 0.004 4.272 0.049
E: pfirmean 1 127.229 5.749 0.024
Sex * Number of elements 1 62.411 13.903 0.001
age-class *  cq)| duration I 1.542 7.977 0.009
SomEe Duration of longest exhalation | 0.023 2.629 0.117
Duration of shortest inhalation 1 0.005 4.406 0.046
Duration of shortest exhalation 1 0.001 0.193 0.664
E: duration 1 0.000 0.084 0.775
Order of longest exhalation 1 13.166 7.887 0.010
I: peak freq (max) 1 23336.308  1.063 0.312
I: ampratio | 1 0.049 2359 0.137
[: fplamax 1 0.009 0.012 0.913
[: entropy (std) | 0.000 0.012 0.914
E: pfirmean 1 57.196 2.584 0.120




Table S2: Effects of potentially confounding factors on the intensity of reaction of males to

the playbacks of pant calls.

Spearman’s coefficient Exactp* N

Speaker-subject distance

Experiment 1 0.233 0.348 18
Experiment 2 0.153 0.600 14
Experiment 3 -0.353 0.258 12
Volume of playback

Experiment 1 0.185 0.457 18
Experiment 2 -0.024 0.943 14
Experiment 3 -0.453 0.140 12
Order of a call in an experiment

Experiment 1 0.412 0.094 18
Experiment 2 -0.147 0.642 14
Experiment 3 -0.173 0.613 12

* Statistical analysis was performed using StatXact 7.0.0 (Cytel Inc., Cambridge, MA, USA).

Table S3: Eigenvalues, explained variances and rotated loadings of behavioural measures on

the first two factors of the PCAs in playback experiments 1, 2 and 3.

Behavioural measures Experiment 1 Experiment 2 Experiment 3
SWR calls in NWR calls in SWR calls in
isolation isolation visual contact
PClI PC2 PC1 PC2 15 ¢1] PC2
L vigilance 0.829 0.373
D vigilance -0.025 0.972 -0.592  -0.41
L looking 0.867 -0.222 0.900 0.040
D looking 0.955 0.011
L turning body 0.955 0.002 0.815 0.226
D turning body 0.957 0.092
L approaching 0.805 0.399 0.217 0.844
D approaching
L calling with contact call 0.405 0.843
L marking the territory 0.693 0.011 -0.089  0.855 0.143 0.864
Eigenvalue 2.79 1;15 2.35 1.62 2.23 1.65
% Variance 55.85 23.08 47.03 32.38 44.57 33.04

SWR = southern white rhinoceros, NWR = northern white rhinoceros, L = latency,
D = duration.
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1. Uvod

Vsechny dilezité projevy socidlniho chovani jsou zprostfedkovavany
komunika¢nimi signaly (McGregor a Peake 2000). Vokalni komunikace je
vyhodna pro pfenos informaci na delsi vzdalenost (Kondo a Watanabe 2009)
a na rozdil od olfaktorickych signali (Eisenberg a Kleiman 1972; Endler
1993) je mnoho vokalnich projevil pfimo namifeno ke konkrétnimu pfijemci,
ackoli mutze byt vokalizace dostupnd mnoha dal$im jedincim diky
odposlouchavani (McGregor a Peake 2000). Olfaktorické signaly maji zase
velkou vyhodu v tom, ze v prostiedi pretrvavaji po delsi dobu i v absenci
signalizujiciho jedince (Eisenberg a Kleiman 1972).

Vokalni a olfaktorické signaly ruznych druhi savci obsahuji
informace o identité€ jedince (Linklater et al. 2013; Proops et al. 2009), jeho
pohlavi, v&ku, velikosti (Charlton et al. 2009), druhu (Schneiderova a Policht
2012), emocnim stavu (Fichtel et al. 2001), socialni situaci (Tallet et al.
2013), ptibuznosti (Bates et al. 2008), fazi reprodukéniho cyklu u samic
(Swaisgood et al. 2000; Charlton et al. 2010), arovni hladiny androgent u
samcl (Charlton et al. 2011) a tyto signaly hraji roli i pfi vybéru partnera
(Johansson a Jones 2007). Piijemci tak mohou tyto informace v signalech
rozliSovat a rozhodovat se na zékladé chovani, fyziologie nebo morfologie
ostatnich jedinct (Endler 1993).

Mnoho druhti Zivocichli pouziva kontaktni hlasy k zachovani
soudrznosti skupiny a k ozndmeni identity jedince (Kondo a Watanabe 2009)
a chemické slozeni pachovych znacek, jejich umisténi, hustota vyskytu
v dané oblasti nebo Cerstvost pfispivaji k posouzeni signalizujiciho jedince
pfijemcem jesté predtim, nez se potkaji (Gosling a Roberts 2001). Nosorozci

maji vyborny sluch a Cich, ale jejich zrak je slabsi (Penny 1987). NosoroZzci
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tuponosi a Cottonovi maji nejvice rozvinuté socialni chovani ze vSech druhti
nosorozct (Goddard 1967; Owen-Smith 1973, 1975; Laurie 1982; van
Gyseghem 1984; Penny 1987) a dobie vyvinuty komunikaéni systém muize
byt tedy pro né zvlasté dilezity. Oba druhy jsou blizce ptibuzné a byly
odliseny teprve nedavno (Groves et al. 2010). Vokalni signaly také mohou
slouzit jako prezygoticky reprodukéné izolacni mechanismus a omezit nebo
zabranit kiizeni pfibuznych druhti (Ryan a Kime 2003).

Nosorozci tuponosi i Cottonovi se v zajeti velmi $patné rozmnozuji
(Hermes et al. 2005, 2006; Swaisgood et al. 2006) a jednim z divodd mize
byt zména jejich socialniho chovani v zajeti a nedostatek socidlnich podnéth
(Lindemann 1982; Swaisgood et al. 2006; Metrione et al. 2007; Cinkova a
Biéik 2013). Behavioralni vyzkum a znalost komunikace jsou velmi
vyznamné v ochrané a managementu Zivo¢ichi a mohou pomoci nalézt a
vyftesit problémy s jejich rozmnozovanim v zajeti (Lindburg a Fitch-Snyder
1994; Swaisgood et al. 2003; Campbell-Palmer a Rosell 2011). Komunikace
nosorozci byla ale donedavna studovana jen velmi malo a experimentalni
studie, které by zkoumaly, jestli nosorozci dokazi rozlisit informace ze svych

hlasovych a olfaktorickych signali, chybély.

2. Cile prace

Cilem mé prace bylo zjistit, jestli hlasy nosorozct koduji informace o
vokalizujicim jedinci a jestli jsou volné Zijici nosorozci schopni rozpoznat
néjaké informace z vokalnich a olfaktorickych signdli. Mymi studijnimi
druhy byli nosoroZec tuponosy a Cottonlv, ktefi jako jedini z nosorozcti
pouzivaji kontaktni hlas sipani (angl. pant), ktery se sklada ze série nadechi
a vydecht (Owen-Smith 1973; Policht et al. 2008). Oba druhy se také
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vyprazdiiuji na spolecnych hnojistich a samci si znaci své teritorium moci a

trusem (Owen-Smith 1973; van Gyseghem 1984).

3. Prehled vysledkii

Hlavni vysledky této prace jsou:

Kontaktni hlas sipani nosorozcti tuponosych a Cottonovych umoziuje
identifikaci jedince i jeho druhu.

Kontaktni hlasy nosorozci tuponosych obsahuji informace o pohlavi,
veékové tfide a socialni situaci jedince.

Voln¢ 7Zijici samci nosoroZzcli tuponosych rozpoznaji pohlavi
z kontaktniho sipani jedinct vlastniho druhu i nosorozct Cottonovych.
Volné Zijici samei nosorozct tuponosych jsou schopni rozpoznat nékteré
rozdily v kontaktnim sipani vlastniho druhu a nosorozcti Cottonovych.
Volné Zijici nosoroZci tuponosi poznaji familiaritu a pohlavi jedinct

vlastniho druhu pouze na zaklad¢ pachu jejich trusu.

4. Abstrakty praci

Cinkova 1., Policht R. (2014) Contact Calls of the Northern and Southern

White Rhinoceros Allow for Individual and Species Identification. PLoS
ONE 9 (6): €98475. (doi: 10.1371/journal.pone.0098475)

Inter-individual relationships particularly in socially living mammals often

require a well-developed communication system. VVocal and olfactory signals

are the most important for the communication of rhinos, however, their vocal
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communication has been investigated to a very limited extent so far. White
rhinos have the most developed social system out of all the rhinoceros species
and vocal signals might therefore play an important role in their social
interactions. We recorded repetitive contact pant calls from six captive
northern white rhinos (Ceratotherium cottoni) and 14 captive and free-
ranging southern white rhinos (Ceratotherium simum) and examined if they
transmit information about individual identity, species, social context and age
class. Discriminant analyses revealed that a high percentage of the pant calls
of both species could be classified to a correct individual. We calculated
signature information capacity of pant calls recorded from adult animals in
isolation at 3.19 bits for the northern white rhinos and at 3.15 bits for the
southern white rhinos, which can potentially allow for a vocal discrimination
of nine individuals of both species. We found that pant calls varied by species.
Northern white rhinos had longer calls and also differed from the southern
white rhinos in several frequency parameters of their calls. We also analysed
the pant calls of southern white rhinos for the differences between the age
classes and between social contexts in which they were recorded. Our results
show that pant calls carry information about individual, species, age class and
context. The ability to recognize this information would allow rhinos, in
addition to olfactory cues, to communicate with highly increased accuracy.
A better understanding of communication of white rhinos has potential
practical use in their management and conservation particularly because of

the low breeding success of white rhinos in captivity.



Cinkova L., Policht R. (2015) Discrimination of familiarity and sex from
chemical cues in the dung by wild southern white rhinoceros. Animal
Cognition 18: 385-392. (doi: 10.1007/s10071-014-0810-8)

Communication in rhinos is primarily mediated by the vocal and olfactory
signals as they have relatively poor eyesight. White rhinos are the most social
of all the rhinoceros species, they defecate at common dungheaps and the
adult bulls use dung and urine to mark their territory. Chemical
communication may therefore be particularly important in the social
interactions of white rhinos, and its knowledge could be very helpful in their
management and conservation. However, no studies have investigated up
until now the olfactory discrimination in any rhinoceros species in the wild.
We have experimentally studied the reactions of the wild southern white
rhinos (Ceratotherium simum) to the dung of familiar and unfamiliar adult
females and adult territorial males. We registered the number of sniffing
events, the duration of sniffing and the latency of the vigilance posture from
the onset of sniffing. The dung of unfamiliar rhinos was sniffed longer than
that of familiar rhinos. The rhinos showed a shorter latency of vigilance
posture to the familiar dung of males than that of females. For unfamiliar
dung, they displayed a shorter latency of vigilance posture to female than
male dung. Our results indicate that the rhinos are able to discriminate the
familiarity and sex of conspecifics from the smell of their dung. Olfactory
cues could therefore play an important role in the social relationships and

spatial organization of the southern white rhinoceros.

Keywords Southern white rhinoceros, Ceratotherium simum, Olfactory

discrimination, Communication, Dung, Familiarity



Cinkova, L., Policht, R. (submitted) Sex and species recognition by wild

male southern white rhinoceros using contact pant calls.

Recognizing information from acoustic signals is crucial in many animals and
individuals are under strong selection pressure to discriminate between the
signals of conspecifics and closely related species. The role of
communication signals in species recognition may be complicated. Here, we
first report that rhinos use information encoded in their calls to assess
conspecifics and individuals of closely related species. The southern
(Ceratotherium simum) and critically endangered northern (C. cottoni) white
rhinos are the most social out of all the rhinoceros species and use a unique
contact call pant. We studied the structure of pant calls in southern white
rhinos and found that certain temporal and frequency parameters carry
information about sex, age-class and social situation of the caller. To test
whether the rhinos attend to the sex and species differences in pant calls, we
conducted playback experiments on wild territorial southern white rhinoceros
males. Males recognized sex from the calls of conspecifics and responded
more strongly to the calls of females than territorial males, which suggests
that pant calls are more important in male-female than male-male
communication. We also found that southern males discriminated between
the female and male calls of northern species and reacted more intensively to
the calls of northern than southern males, which could have been caused by
a novelty effect as both species naturally live in allopatry and discrimination
between them therefore cannot result from learning. Better understanding of
vocal communication in white rhinos has potential management and
conservation implications particularly because of their low reproduction in

captivity.



Keywords Southern white rhinoceros, Northern white rhinoceros, Vocal
communication, Vocalization, Sex recognition, Species recognition,

Playback experiment

5. Literatura

Bates L.A., Sayialel K.N., Njiraini N.W., Poole J.H., Moss C.J., Byrne R.W. (2008)
African elephants have expectations about the locations of out-of sight family
members. Biology Letters 4: 34-36

Campbell-Palmer R., Rosell F. (2011) The importance of chemical communication
studies to mammalian conservation biology: A review. Biological Conservation
144: 1919-1930.

Charlton B.D., Ellis W.AH., Brumm J., Nilsson K., Fitch W.T. (2009) The
information content of giant panda, Ailuropoda melanoleuca, bleats: acoustic
cues to sex, age and size. Animal Behaviour 78: 893-898.

Charlton B.D., Keating J.L., Rengui L., Huang Y., Swaisgood R.R. (2010) Female
giant panda (Ailuropoda melanoleuca) chirps advertise the caller’s fertile phase.
Proceedings of the Royal Society B 277: 1101-1106.

Charlton B.D., Keating J.L., Kersey D., Rengui L., Huang Y., Swaisgood R.R. (2011)
Vocal cues to male androgen levels in giant pandas. Biology letters 7: 71-74.

Cinkova 1., Bic¢ik V. (2013) Social and reproductive behaviour of critically
endangered northern white rhinoceros in a zoological garden. Mammalian
Biology 78: 50-54.

Eisenberg J.F., Kleiman D.G. (1972) Olfactory communication in mammals. Annual
Review of Ecology and Systematics 3: 1-32.

Endler J.A. (1993) Some general comments on the evolution and design of animal
communication systems. Philosophical Transactions of the Royal Society B 340:
215-225.

Fichtel C., Hammerschmidt K., Jiirgens U. (2001) On the Vocal Expression of
Emotion. A Multi-Parametric Analysis of Different States of version in the
Squirrel Monkey. Behaviour 138: 97-116.

Goddard J. (1967) Home range, behaviour and recruitment rates of two black
rhinoceros populations. East African Wildlife Journal 5: 133-150.

Gosling L.M., Roberts S.C. (2001) Scent-Marking by Male Mammals: Cheat-Proof
Signals to Competitors and Mates. Advances in the study of behaviour 30: 169—
217.

10



Groves C.P., Fernando P., Robovsky J. (2010) The Sixth Rhino: A Taxonomic Re-
Assessment of the Critically Endangered Northern White Rhinoceros. PLoS
ONE 5:e9703.

Hermes R., Hildebrandt T.B., Blottner S., Walzer C., Silinski S., Patton M.L., Wibbelt
G., Schwarzenberger F., Goritz F. (2005) Reproductive soundness of captive
southern and northern white rhinoceros (Ceratotherium simum simum, C.s.
cotttoni): evaluation of male genital tract morphology and semen quality before
and after cryopreservation. Theriogenology 63: 219-238.

Hermes R., Hildebrandt T.B., Walzer C., Goritz F., Patton M.L., Silinski S., Anderson
M.J., Reid C.E., Wibbelt G., Tomasova K., Schwarzenberger F. (2006) The effect
of long non-reproductive periods on the genital health in captive female white
rhinoceros (Ceratotherium simum simum, C.s. cottoni). Theriogenology 65:
1492-1515.

Johansson B.G., Jones T.M. (2007) The role of chemical communication in mate
choice. Biological Reviews 82: 265-289.

Kondo N., Watanabe S. (2009) Contact calls: Information and social function.
Japanese Psychological Research 51: 197-208.

Laurie A. (1982) Behavioural ecology of the Greater one-horned rhinoceros
(Rhinoceros unicornis). Journal of Zoology 196: 307-341.

Lindburg D.G., Fitch-Snyder H. (1994) Use of behaviour to evaluate reproductive
problems in captive mammals. Zoo Biology 13: 433-445.

Lindemann H. (1982) African rhinoceros in captivity. Dizerta¢ni prace. Copenhagen:
Copenhagen University.

Linklater W.L., Mayer K., Swaisgood R.R. (2013) Chemical signals of age, sex and
identity in black rhinoceros. Animal Behaviour 85: 671-677.

McGregor P.K., Peake T.M. (2000) Communication networks: social environments
for receiving and signalling behaviour. Acta ethologica 2: 71-81.

Metrione L.C., Penfold L.M., Waring G.H. (2007) Social and spatial relationships in
captive southern white rhinoceros (Ceratotherium simum simum). Zoo Biology
26: 487-502.

Owen-Smith R.N. (1973) The behavioural ecology of the white rhinoceros. Dizertaéni
prace. Madison: Wisconsin University.

Owen-Smith R.N. (1975) The social ethology of the white rhinoceros Ceratotherium
simum (Burchell 1817%*). Zeitschrift fiir Tierpsychologie 38: 337-384.

Penny M. (1987) Rhinos: an endangered species. Kent: Christopher Helm Publishers
Limited.

Policht R., Toméasova K., Holeckova D., Frynta D. (2008) The vocal repertoire in
northern white rhinoceros (Ceratotherium simum cottoni) as recorded in the last
surviving herd. Bioacoustics 18: 69-96.

11



Proops L., McComb K., Reby D. (2009) Cross-modal individual recognition in
domestic horses (Equus caballus). Proceedings of the National Academy of
Sciences 106: 947-951.

Ryan M., Kime N. (2003) Selection on Long-Distance Acoustic Signals. In: Simmons
A, Fay R, Popper A, editors. Springer Handbook of Auditory Research; Acoustic
Communication. Berlin: Springer Verlag. pp. 225-274.

Schneiderova I., Policht R. (2012) Acoustic analysis of the alarm call of the Anatolian
ground squirrel Spermophilus xanthoprymnus: a description and comparison with
alarm calls of the Taurus S. taurensis and European S. citellus ground squirrels.
Naturwissenschaften 99: 55-64.

Swaisgood R.R., Lindburg D.G., Zhou X., Owen M.A. (2000) The effects of sex,
reproductive condition and context on discrimination of conspecific odours by
giant pandas. Animal Behaviour 60: 227-237.

Swaisgood R.R., Zhou X., Zhang G., Lindburg D.G., Zhang H. (2003) Application of
Behavioural Knowledge to Conservation in the Giant Panda. International
Journal of Comparative Psychology 16: 65-84.

Swaisgood R.R., Dickman D.M., White A.M. (2006) A captive population in crisis:
Testing hypotheses for reproductive failure in captive-born southern white
rhinoceros females. Biological Conservation 129: 468—476

Tallet C., Linhart P., Policht R., Hammerschmidt K., Simegek P., Kratinova P., gpinka
M. (2013) Encoding of Situations in the Vocal Repertoire of Piglets (Sus scrofa):
A Comparison of Discrete and Graded Classifications. PLoS ONE 8:e71841.

van Gyseghem R. (1984) Observations on the ecology and behaviour of the northern
white rhinoceros (Ceratotherium simum cottoni). Zeitschrift fiir Sdugetierkunde
49: 348-358.

6. Seznam publikovanych praci

6.1 Publikace v odbornych impaktovanych ¢asopisech

Cinkova 1., Bi¢ik V. (2013) Social and reproductive behaviour of critically
endangered northern white rhinoceros in a zoological garden.
Mammalian Biology 78: 50-54. (doi: 10.1016/j.mambio0.2012.09.007)

Cinkova 1., Policht R. (2014) Contact Calls of the Northern and Southern
White Rhinoceros Allow for Individual and Species Identification.

PL0oS ONE 9 (6): €98475. (doi: 10.1371/journal.pone.0098475)
12


http://www.sciencedirect.com/science/article/pii/S1616504712002728
http://www.sciencedirect.com/science/article/pii/S1616504712002728
http://www.sciencedirect.com/science/article/pii/S1616504712002728
http://dx.plos.org/10.1371/journal.pone.0098475
http://dx.plos.org/10.1371/journal.pone.0098475
http://dx.plos.org/10.1371/journal.pone.0098475

Cinkova ., Policht R. (2015) Discrimination of familiarity and sex from
chemical cues in the dung by wild southern white rhinoceros. Animal
Cognition 18: 385-392. (doi: 10.1007/s10071-014-0810-8)

Cinkova I., Policht R. (submitted) Sex and species recognition by wild male

southern white rhinoceros using contact pant calls.

6.2 Prispévky na konferencich

Zahranicni

7" International Conference on Behaviour, Physiology and Genetics of
Wildlife, Berlin (2009):
Cinkova 1., Ganslosser U., Kretzschmar P. (2009) Social behaviour of

southern white rhinoceros (Ceratotherium simum simum) in game

reserves in South Africa. Conference proceedings, s. 47. (poster)

International Elephant & Rhino Conservation & Research Symposium,
Pittsburgh (2013):
Cinkova L., Policht R. (2013) Contact calls of the northern and southern white

rhinoceros: Source of information on individuality and species of the
caller? Conference proceedings, s. 960-961. (pfednaska)

Cinkova 1., Bi¢ik V. (2013) Social and reproductive behaviour of critically
endangered northern white rhinoceros (Ceratotherium cottoni) in a

zoological garden. Conference proceedings, s. 1203. (pfednaska)

87" Annual Meeting of the German Society of Mammalogy, Praha (2013):

Cinkova L., Policht R. (2013) Contact calls of the northern and southern white
rhinoceros contain information about individual and species identity.

Mammalian biology, special issue to volume 78, s. 7-8. (pfednaska)

13


http://link.springer.com/article/10.1007/s10071-014-0810-8
http://link.springer.com/article/10.1007/s10071-014-0810-8
http://link.springer.com/article/10.1007/s10071-014-0810-8
http://www.rhinoresourcecenter.com/pdf_files/125/1255365539.pdf
http://www.rhinoresourcecenter.com/pdf_files/125/1255365539.pdf
http://www.rhinoresourcecenter.com/pdf_files/125/1255365539.pdf
http://www.rhinoresourcecenter.com/pdf_files/139/1396317909.pdf
http://www.rhinoresourcecenter.com/pdf_files/139/1396317909.pdf
http://www.rhinoresourcecenter.com/pdf_files/139/1396317909.pdf
http://www.rhinoresourcecenter.com/pdf_files/139/1396318133.pdf
http://www.rhinoresourcecenter.com/pdf_files/139/1396318133.pdf
http://www.rhinoresourcecenter.com/pdf_files/139/1396318133.pdf
http://www.sciencedirect.com/science/article/pii/S1616504713000785
http://www.sciencedirect.com/science/article/pii/S1616504713000785
http://www.sciencedirect.com/science/article/pii/S1616504713000785

Cinkova 1., Policht R. (2013) Wild southern white rhinos (Ceratotherium
simum) are able to recognize information about familiarity and sex in
the dung of their conspecifics. Mammalian biology, special issue to

volume 78, s. 8. (poster)

9" International Conference on Behaviour, Physiology and Genetics of
Wildlife, Berlin (2013):
Cinkova 1., Policht R. (2013) Identity, species and sex-specific information

is contained in the contact calls of northern and southern white
rhinoceros. Conference proceedings, s. 46. (poster)

Cinkova 1., Policht R. (2013) Wild southern white rhinos (Ceratotherium
simum) are able to recognize information about familiarity and sex in

the dung of their conspecifics. Conference proceedings, s. 47. (poster)

Tuzemske

Zoologické dny, Brno (2013):

Cinkova 1., Policht R. (2013) Kontaktni hlasy nosorozcti tuponosych a
Cottonovych: zdroj informaci o identité a druhu volajiciho jedince?

Sbornik abstraktt, s. 40—41. (pfednaska)

Cinkova 1., Bic¢ik V. (2013) Socidlni a reprodukéni chovéni kriticky
ohrozeného nosorozce Cottonova (Ceratotherium cottoni) v zoologické

zahradé€. Sbornik abstrakti, s. 41. (poster)

Zoologické dny, Ostrava (2014):
Cinkova I., Policht R. (2014) Vokalni a olfaktoricka komunikace volné

vey

zijicich nosorozcli tuponosych. Sbornik abstraktd, s. 43-44.

(ptednéaska)

14


http://www.sciencedirect.com/science/article/pii/S1616504713000785
http://www.sciencedirect.com/science/article/pii/S1616504713000785
http://www.sciencedirect.com/science/article/pii/S1616504713000785
http://www.sciencedirect.com/science/article/pii/S1616504713000785
http://www.rhinoresourcecenter.com/pdf_files/138/1380183077.pdf
http://www.rhinoresourcecenter.com/pdf_files/138/1380183077.pdf
http://www.rhinoresourcecenter.com/pdf_files/138/1380183077.pdf
http://www.rhinoresourcecenter.com/pdf_files/138/1380183049.pdf
http://www.rhinoresourcecenter.com/pdf_files/138/1380183049.pdf
http://www.rhinoresourcecenter.com/pdf_files/138/1380183049.pdf
http://zoo.ivb.cz/doc/sborniky/sbornik_2013.pdf
http://zoo.ivb.cz/doc/sborniky/sbornik_2013.pdf
http://zoo.ivb.cz/doc/sborniky/sbornik_2013.pdf
http://zoo.ivb.cz/doc/sborniky/sbornik_2013.pdf
http://zoo.ivb.cz/doc/sborniky/sbornik_2013.pdf
http://zoo.ivb.cz/doc/sborniky/sbornik_2013.pdf
http://zoo.ivb.cz/doc/sborniky/sbornik_2014.pdf
http://zoo.ivb.cz/doc/sborniky/sbornik_2014.pdf
http://zoo.ivb.cz/doc/sborniky/sbornik_2014.pdf

6.3 DalSi publikace a ¢innost

Dalsi publikace

Cinkova I. (2012) Socialni chovani a komunikace nosorozcti. E-learningova
podpora mezioborové integrace vyuky tématu védomi na UP Olomouc.
http://pfyziollfup.upol.cz/castwiki/?p=2350

Cinkova 1. (2013) Ma slozeni skupiny nosorozci Cottonovych v zajeti vliv
na jejich socialni chovani a reprodukci? Vertebratus 6: 4—7.

Cinkova I. (v recenzi) Socialni chovani a komunikace nosorozct tuponosych

a Cottonovych. Ziva.

Vyzkumna cinnost a zahranicni staze
2005 (4 mésice) Vyzkum socidlniho a reprodukéniho chovani nosorozce
Cottonova v zoologické zahradé.

2008 (5 mésicti) Vyzkum socialniho chovani a preference habitatu volné

zijicich nosorozct tuponosych v Jihoafrické republice.

2009, 2010, 2014 Vyzkum vokalni komunikace nosorozce tuponosého a

(3 mésice) Cottonova v zoologickych zahradach.
2011, 2012 Vyzkum vokalni a olfaktorické komunikace volné zijicich

(13 meésicti) nosorozcil tuponosych v Jihoafrické republice.
Zahranicni staze: Veskery vyzkum v Jihoafrické republice probihal za

podpory University of the Witwatersrand v Johannesburgu
(Prof. Norman Owen-Smith).

Dalsi cinnost

- Potadani ptfednasek pro vefejnost.

- Popularizace vyzkumu nosorozcu v televizi, radiu a v tisku.
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7. Summary

Behavioural study of the captive and free-ranging southern and
northern white rhinos with focus on their vocal communication

Well-developed communication system can be particularly important in
socially living species and allow for an establishment of a large network of
social relationships. Mammals often use vocal and olfactory signals to obtain
information about conspecifics. VVocalizations are mostly directed to concrete
individual/s and can be used for communication over a long distance while
olfactory signals are transmitted slowly, but can remain in the environment
for a long time. Rhinos have an excellent sense of hearing and smelling, but
their eyesight is poor. Vocal and olfactory signals are therefore very
important in their social behaviour, but communication in rhinos has only
been studied to a limited extent until recently and experimental studies from
the wild have been missing.

This study describes for the first time the information encoded in the
calls of rhinos and the ability of wild rhinos to recognize information from
the vocal and olfactory signals. The southern (Ceratotherium simum) and
critically endangered northern (C. cottoni) white rhinos have the most
developed social system out of all the rhinoceros species, use contact pant
calls and defecate at common dungheaps. Both species reproduce poorly in
captivity and better knowledge of their communication could be very useful
in their management and conservation.

The first aim of this study was to analyse contact calls of the
southern and northern white rhinos to determine what information they
encode. Discriminant function analyses revealed that contact calls allow for
the identification of individual identity and the calculation of information
capacity in calls showed that they contain sufficient information for the
recognition of nine individuals in both species. Pant calls can also be assigned
with a high probability to a correct species. The northern white rhinos have
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longer calls and also differ from the southern species in several frequency
parameters of their calls. The calls of the southern white rhinos also vary
according to the sex, age-class and social situation of the caller.

Playback experiments and manipulations with dung were conducted
to determine if rhinos are able to discriminate the information about other
animals from their contact pant calls and dung. Wild territorial southern white
rhinoceros bulls discriminated between the calls of adult male and female
conspecifics and reacted significantly more intensively to the calls of females,
which suggests that contact calls are more important for the communication
between a male and a female than between two territorial males. Bulls also
discriminated between the calls of both sexes of northern white rhinos and
reacted more intensively to the calls of northern than southern males. This
could be caused by a novelty effect as both species are allopatric and
discrimination between them therefore cannot result from learning.
Experiments with dung showed that wild southern white rhinos are able to
discriminate familiarity and sex of conspecifics based only on the smell of
their dung. The rhinos sniffed the dung of unfamiliar animals more than twice
as long as the dung of familiar rhinos. The latency of vigilance posture was
shorter in reaction to the dung of familiar than unfamiliar males and longer
in reaction to the dung of familiar than unfamiliar females.

This study shows that the contact calls of southern and northern
white rhinos encode a lot of information about a vocalizing animal and that
the southern white rhinos use the information encoded in contact calls and
dung to assess other individuals. These signals therefore play an important
role in the social behaviour of rhinos. The intensive reactions of the animals
to the playbacks and to the dung samples show that they stimulate their social
and territorial behaviour. Manipulation of vocal and olfactory signals could
therefore be used in the management and conservation of rhinos and improve
the chance for their reproduction in captivity.
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