Univerzita Palackého v Olomouci

Piirodovédecka fakulta

Katedra zoologie a Ornitologicka laboratot

Behavioralni studie nosoroZce tuponosého a Cottonova
v zoologickych zahradach a ve volné prirodé, se

zamérenim na vokalni komunikaci

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

Doktorska dizertaé¢ni prace

Ivana Cinkova

Vedouci prace: Prof. RNDr. Vitézslav Bicik, CSc.
Konzultant: Mgr. Richard Policht, PhD.

Olomouc 2015




“If all the beasts were gone, man would die from great loneliness of spirit. For whatever happens

to the beast, also happens to the man. All things are connected.”

Chief Seattle

“The greatest danger to our future is apathy.”

Jane Goodall



ProhlaSuji, ze jsem tuto préci vypracovala samostatné s pouzitim uvedené literatury. Vyjimku
tvoii pfilozené &lanky, na kterych se podilel spoluautor. Zadnou &ast této prace jsem

nepiedlozila k ziskani jiného akademického titulu.

V Olomouci dne 22. 4. 2015

Ivana Cinkova



Bibliograficka identifikace:

Jméno a piijmeni autora: Ivana Cinkova

Nazev prace: Behavioralni studie nosorozce tuponosého a Cottonova v zoologickych zahradach
a ve volné prirod¢, se zamérenim na vokalni komunikaci

Typ préce: Dizertacni prace

Pracovisté: Katedra zoologie a Ornitologicka laboratot, Univerzita Palackého

Vedouci prace: Prof. RNDr. Vitézslav Bic¢ik, CSc.

Konzultant: Mgr. Richard Policht, PhD.

Rok obhajoby prace: 2015

Abstrakt

Dobte vyvinuty komunikaéni systém muze byt zvlasté dulezity u socialné zijicich druha
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 socialni systém ze vSech druhli nosorozcii, 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 nosorozcli tuponosych a
Cottonovych a zjistit, jaké obsahuji informace. Analyzy ukazaly, 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 nosorozci
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 intenzivnéji
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 dokézi 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 nosorozZcii. 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 c¢loveka kvili pytlactvi,
ztraté habitatu, lovu nebo civilnim nepokojim (Hutchins a Kreger 2006). Ctyfi z téchto druht
jsou v soucasné dobé¢ 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 [UCN Red List of
Threatened Species 2014). Nosorozec tuponosy (Ceratotherium simum) a Cottoniv
(Ceratotherium cottoni) jsou blizce piibuzné 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 zvitat 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
ohroZovana 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¢ tradi¢nich
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 predevsim do
Vietnamu, kde byva roh pouzivan jako pfipravek 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 spustén ,,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
nosorozct 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 nejveEtsi
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. Nejvyznamnéjsi 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 podafilo nosorozce
Cottonovi rozmnozit a v letech 1980, 1983, 1989 a 2000 se tu narodila ¢tyii 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 pfirozené reprodukce presunuta z Dvora Kralové do rezervace Ol Pejeta v Keni, kde
se jejich rozmnoZeni bohuZel dosud nepodaftilo. V soucasné dobé¢ uz ziji pouze dvé samice a
jeden samec v rezervaci Ol Pejeta a dvé samice v zoo Dvir Kralové a v safari parku v San

Diegu. Zadné z téchto zvitat 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 Dvir Krélové 2015).

Obr. 1: Nosorozci Cottonovi v Zoo Dvur Kralové v roce 2009. Samec Suni (vzadu; *1980,
t2014) a samicky Nesari (*1972, §2011) a Ngjin (veptedu; *1989, dnes v Ol Pejeta
Conservancy v Keni). (VSechny fotky: autor: Ivana Cinkovd)

NosoroZzci tuponosi 1 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 ¢itala 240 zvifat a z nich se pouze
26% jedincti v reprodukénim véku za sviij zivot alespon jednou rozmnozilo (Reid et al. 2012).
Pokud se tento problém brzy nevyiesi, bude k udrzeni jejich populace v zajeti nutny import
dalSich zvitat z volné pfirody, coZ by bylo z hlediska jejich ochrany kontraproduktivni. U zvifat
v zajeti (Swaisgood et al. 2006). Samice nosorozci tuponosych i Cottonovych casto trpi
reprodukénimi patologiemi zptisobenymi dlouhym obdobim bez biezosti (Hermes et al. 2006)
a také samci Casto trpi snizenou fertilitou (Hermes et al. 2005). Jako jedna z moznych pficin

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

Vyznamny vliv na reprodukcei nosorozct tuponosych a Cottonovych miize mit zména
jejich socidlniho chovani v zajeti a nedostatek socidlnich podnét (Lindemann 1982; Meister
1997; Kunes a Bicik 2001-2002; Swaisgood et al. 2006; Metrione et al. 2007; Cinkova a Bicik
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
teritoridlni a samice, mladata a mlad4d zvifata ziji ve skupinkdch 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'i 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 mize vyrazné ovlivnit socialni chovani zvifat (Cinkova and Bi¢ik 2013).
V zoologickych zahradéach také dochazi mezi zvitaty zvlasté béhem krmeni k vyrazné €astéjSim
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: Setkdni dvou skupin nosorozcl tuponosych.
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Behaviordlni vyzkum a znalost komunikace jsou velmi vyznamné v ochran¢ 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 nosorozcu 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 dalezité pro jejich komunikaci (Penny
1987). Jelikoz maji nosorozci tuponosi a Cottonovi nejvice rozvinuté socialni 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 zvlaste dulezity a schopnost
rozpoznavani informaci ze signalii ostatnich jedinci mlze umoznit vytvoreni vétsi sité
socialnich vztahd.

Nosorozci tuponosi a Cottonovi jako jedini z nosorozcl pouzivaji kontaktni hlas sipani
(angl. pant), ktery se sklada ze série nadechii a vydecht a zvitata ho pouZivaji nejcastéji, kdyz
dojde k setkani jedincti z riznych skupin, kteii se zdravi, kdyz jedinec pfistupuje blize ke své
skupiné nebo kdyzZ se zvifata 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

signall 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 chovani
vokalizujiciho jedince (napt. 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 i1 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 odlisnych
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 dokazi 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 zikladé 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 i v africkych rezervacich.

Material a metodika m

Podrobny popis metodiky je uveden v jednotlivych ptispévcich, tato kapitola piedstavuje 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
nosorozcl 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
nosorozcil 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, frekven¢ni 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: 50W, frekvenéni odpovéd: 48-20 000 Hz + 3 db)
ptipojen¢ho k zesilovaci (laskaveé sestavené Dr. Pavlem Krchiidkem 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
vzdalenosti zvifat 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 nosorozci 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) (Prispévek
I., IIL.). Reakce nosorozcli na experimenty s playbacky byly analyzovany s vyuzitim
Friedmanovy ANOVY, Wilcoxonova parového testu a analyzy hlavnich komponent
(Prispévek III.). K statistickym analyzam olfaktorickych experimentl 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, rozlisSeny 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 vétsi vzdalenost mize probihat skrz zrak, vokalizaci nebo ¢ichové
podnéty. Vizudlni i vokalni komunikace umoziuji 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 signély velmi tizce
souvisi s fyziologii a potravou jedincii, takZe 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 (kin 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 (= formantt) 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 jelen koreluji s jejich schopnosti boje a
rychlost troubeni jedince také zalezi 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 spise vedlej$im produktem velkého téla nosorozct
nez prostiedkem pro komunikaci na velkou vzdalenost (Policht et al. 2008).

Vokalni signdly také mohou slouzit jako prezygoticky reprodukéné izolac¢ni
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 chovanim
(Owen-Smith 1973; Policht et al. 2008). U voln¢ 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 samct nosorozce Cottonova (Prispévek 1.). Tento napadny
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 nosorozci tuponosych
zaznamenan nebyl (Owen-Smith 1973; Prispévek 1.). Nosorozci tuponosi a Cottonovi se také
lisi v néckterych parametrech svych kontaktnich hlast, které je mozné s 91%ni
pravdépodobnosti pfitadit ke spravnému druhu. Tyto rozdily mohly vzniknout pfizpiisobenim
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 Soudasti 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 mladaty pred kojenim. Byva opakovano v sériich. Ml
(whine)
Kiourani Ptipomina kitu¢eni mlad’at. Pouzivano teritoridlnim samcem, ktery se snazi &
(squeal) zabranit samici, ktera pfichazi 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 néasleduje 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.

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

subdominantni, @ = samice, & = samec
** Owen-Smith (1973) popsal funéni u nosorozcl 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% hlasa byli schopni pfifadit ke spravnému jedinci. Ackoliv toto ¢islo bylo vyrazné
vys$§i nez by umoziovala ndhoda, autofi dosli k zavéru, Ze pravdépodobnost pfifazeni ke
spravnému zvifeti neni dostate¢né vysokd pro praktické uréovani jedinct podle hlasu.
Kontaktni hlas sipani nosorozcti tuponosych a Cottonovych se skladd ze série nadechii a
vydecht (Owen-Smith 1973; Policht et al. 2008) a opakovani kratkych signali muizZe 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 pftistupu k samici, nejcastéji v obdobi fije (Owen-
Smith 1973; Policht et al. 2008; Prispévek III.) (Obr. 5). V dobé¢, kdy samice ptichdzi 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 socialnich 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: Pareni nosorozcu tuponosych. Kdyz samice pfichazi do fije, samec intenzivné
vokalizuje kontaktnim hlasem chraplavé sipani béhem neustalych ptistupii k samici a pokusi o
pafeni.

Kontaktni hlasy nosorozct tuponosych a Cottonovych lze s vysokou pravdépodobnosti
ptifadit ke konkrétnimu jedinci. Jedinci se mezi sebou li§i pfedev§im v ¢asovych parametrech
hlasu a jeho jednotlivych elementt (nadechl a vydechtl) a hlasy dospélych samci 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 nosoroZzci; Obr. 6, 7). Napiiklad délka hlasu a pocet elementii v hlase je u
dospélych samic a mladych samcli na rozdil od dospélych samcii vétSi v izolaci nez ve
vizudlnim kontaktu (Prispévek 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 elementli 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 II1.). Dospéli samci jsou samotarsti

(Owen-Smith 1973) a vétsi naléhavost situace pravdépodobné zazivaji, kdyZ jsou v kontaktu se

28



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 hlasi jedinct stejného druhu 1 z hlasi
blizce pribuznych nosorozct Cottonovych. Volné Zzijici 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 nosorozcii Cottonovych, ale
reaguji na samce 1 samice stejn¢ 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 muze 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 signaly 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 IIL.).

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 nosorozct 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 muze 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
fije) (B). Subadultni samci ve vizualni 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 spektrogramt: FFT length 1024, frame size 100%, overlap 87.5%, Hamming
window.
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Olfaktoricka komunikace nosoroZcu m

Pachové signaly hraji u vétSiny savcli 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 savcll 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 signaly 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 ptispivaji 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
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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 nosorozct
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 upln€ vyjimecné (Owen-Smith 1973).

Stejné jako u nosorozcii 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 jedinct a doba, za kterou nastane od zacatku c¢ichani k trusu
ostrazitost, se 1i$i v zavislosti na pohlavi i familiarité zvitete, od kterého trus pochdzi. Na trus
neznamych samic nastava ostrazitost diive nez na trus familiarnich samic a u trusu samci to je
naopak. Trus tedy pravdépodobné hraje dulezitou 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 zafizeni 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 samci a reprodukcéni fazi samic
(Marneweck 2013). Nosorozci by tedy mohli byt schopni rozpoznat z trusu ostatnich jedincti
krom¢ familiarity a pohlavi (PFispévek I1.) mnoho dalSich informaci a ke stejnému tcelu mize
slouzit 1 jejich moc¢. K objasnéni, jaké dal$i informace nosorozci z olfaktorickych signalt

zjist'uji, jsou tedy nutné dalsi studie.

Obr. 8: Samice nosorozce tuponosého se svym mladétem (sameckem) Cichd k trusu na
nosoroz¢im hnojisti, které je umisténo na cesté.
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Zavér a hodnoceni vysledkii 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 dizerta¢ni prace také piinasi
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
rozliit 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, kterd 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 zvifat 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 IIl.) 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 fiji. 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 samct,
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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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

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

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

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

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

PLOS ONE | www.plosone.org
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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 (1), 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

PLOS ONE | www.plosone.org

Contact Calls of the Northern and Southern White Rhinoceros

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 (PCis)
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

June 2014 | Volume 9 | Issue 6 | 98475



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

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=10.01).

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 794 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
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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

and age classes (pDFA 2).

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

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

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.
The 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 Coongo [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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Abstraet  Communication in rhinos s primsaly medanied
by the vocol ard edfsctory signals as they hove relotively
pir evesight. White rhinos are the most sockal of all the
rhinooers specics, hey delecale ol common dungheips
and the ndull balls use dung ol wnine e mark thedr lem-
tory, Chembcal communication may therefone be pamicu-
larly tmportant in the social imerctions of swhile dinos,
and jis knowledpe could be very helpful in their monape-
il ad conservation. However, o audbes hove fnvies-
gubed up wiil pow ihe olfaciory disciimination in sy
mhbnoceros species in the wild, We have experimentally
stodied the reactions of the wild southerm whike rhinos
{Ceruatherfume dei) i the dung of familiar and wni-
mdliar sdialy fensales arsd sdule territoeial males. We regis-
tered the nsumdber of sniffing events, the deration of smffing
and the bency of the vigilomes posture from the onset of
sndffing. The dung of unfamilior fdsos wis saiffed longer
tham that of familiar dhines, The rhinos showed a shoner
lupency of viglumee posisre w0 the familiar dorg of moles
than that ol femobes. For anfaimilioe dusg. they displaved a
shoner latency of vigilonee posture 1o female than male
disng. e rsuls dedbeate thae the thinos @ able o
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diseriminate the faomilmarty and sex of conspecifics from
the smell of their dung, DHaciory cues could therefore play
an imporanl ole in the sovial eltionships and spatisl
orgamization of the southern white thinocenos.

Keywords  Sowmbern white rhinoeeros - Ceranmiierium
v+ Oilfactory discrinination « Commumication -
[rmg - Familiarity

Introductbon

CHfnctory signals have on advantage in thal they persist for
some period of thime im the absence of the depositor aml
alloy the recetvers to specifically assess cerain parameters
of their socinl enviromment |Eisenbery amd Kleiman 1972,
Termestrial vertchrates porocive olfictory signals via the
muin olfaciory system, which is receptive o volanile sig-
nals pnd through the vomeneapsal syssem, whbch primasily
pocesses non-volatile pheromones (reviewed by Dulac amd
Tuorello 2003), Olfectory signals often play an importun
risde i the commimnbeation of ungulases (Grio 19785 which
have o well-developed vimeronusal orpan (Eisenberg ond
Eleiman 19725 Yocal and elficiory signals ane extremely
importan Tor oommunication in rhainos as they have an
excellent sense of hearing and snselling, but relatively poor
cycsight (Penny 1987), Cinkovd and Polichi (HH4) have
recetly determined tha the comact calls of white thino
contain information on ihe individunl idennity, age clis,
contexl and species of e calber (nonhem versis soither
white rhincceros) anel similar information abm the sig-
ialler may be present mothelr alfaciory coes. Seest-mark-
ing behovioums provide bonest signals of conpetitive
pheility omd qualiey of b signaller o conspecifics
mimmals. The peceivers nssess the signallers by use of
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imtrinsic infommation (for insosce, the density of markings
o the concentminm of bormonmesh, by ssing memoresd
information aboust past oppoments and their odours or by
scenl matching (Gosling amd Robers 2000 ) Aceonding o
il scent nmtching hypothesis, the receiver identifies 1ha
an imfividual is a resounce holder and a high-stats animal
oly after meeting 4 and mastching s odour w the recel-
ver's memory of the indiviglaal's scent marks {Gosling
14982,

(ifncbory cues alliwing for the dsenmination of indi-
vidoal ldentity. sex or famillarity s mammals can e
contined, for mslance, m fueces (horse: Bubenstern aml
Huck 1992 Krueger and Flowger 2001 domestic b
Makabayashi et al. 2012; black chinooens: Linklier et al.
2003, arine {giang panda; White of o, 20045 African ele-
plaane: Bates of al. 2008; koola: Charbion 20045, besdy oelour
{horse: Péron e al, 2004y, anpgenital glamd  secretion
{hrown bear: Jojola et al. 202 or in & combination of
odbpurs from anogenital scent morks, wrine. foeces and the
pelape (pranl paneln: Swemsgond éf ol 20000). Urise marks
cai uhso allow the discrimination of ope's own urine from
e wrane o other famibiar comspecitics (domesiic dog:
Bakoff 20401 b,

Agait frem the pedal glands thae kave been nreparied 0
Indinn and Jovon chines (Cave 19625 ol the '|'l.'|:-|'r|.|:li.||
glands in the white rhinoceros (Cave 19661, rhinos do oot
have any spectalized scemt glomds, Duag, urine amd gen-
eral body odour thus seem i be the only carriers of scem
cucs in the white rhipoceros (Craen-Samith 19730 ‘Whie
rhines  defecate ol common  dungheaps and,  when
encountering & dungheap, offen pase 0 sniff @ dung
socumulstion for some tme (Owen-Smith 19731 The
adult femabes, subxlalis and juveniles of ssuthem white
rhinees live in averlapping boeme ranges in groups con-
aishmg mosd fregquently of two o theee mdividuals (Dwen-
Smith 197% 1975; Shrader and Owen-Smith 20623, The
adinly males ore solitary and defiend eemores, which o
exclusive of the termiones of odher moles. They mark
iheir terrisory.  including dts  bosndaries, by kicking
iveineils beline wid after the deloctlion W scaner e
dumg and by spray urnation, which ic preceded by sorape
marking (Orsen-Smath 1971, 1973, |975; Rachkwa of al.
| ey,

Maorking of the temitery bumdones s reporied moe
aften than marking towards the centne of the termsory,
which iz, however, more uwsml in very lirge lemlones
(revigwed by Gosling and HBobenis 20010 ) Kreteschmar
et ol (20001 ) observed tha the sproy marks of adub
smithern white rhinocemas males were locpied closer to the
terrlory border tham thels dong. Dung might thegefore
provide more indformation oboi ke movements of @
antmal srownd s sermiory. In contrast o southem whide
thimoceros femabes, who only rarely scrape dbeir dang alier

&) Springer

defecation (Crwen-Smith 19733, back rhinoceres females
wrapr mark more olflen ol the lnpth of the scrapings
carries the information aboot their reproductive stale, The
lengih of the scrapings [scrensss in both moke and female
hlock rhinos with age (Freemon el al, 20604).

Growes ef al. (2000) have recently sugpested that pao
disgbnct forms of the white thinoceros shiald be elevansd
fromn the suhspecies 1o the species level, the souithem white
rhunaceros | Ceramthesium sy and the norbemn whine
rhinoceros | Cenppotteriam coffond), which has also lsicly
been mefermed w oas the Mile mhimoceros (e.g. Rookmasker
A, Bookmaoker and Antmne 200121 ollowmg Heller
(193] The population of the momhern white thinoeerns
presenily comsists of only seven animils, which makes b
omg of the most endangered mammals in the world, The
mumbers of the southern white thinos oe estimated o be
204,424, bus poaching for their horm is curently on a rapic
incrense (Knight 2003}

White thinos have very low meproductive success m
captivity, and both females and males ofien suffer from
reproductive pathilogies {Hermes et al. 2005, 2000), Social
imersctimns between the captive rhincs might be ane of the
pessible ressons for the low reprislection { Meister 1997;
Swadspond e al. 2000 Metroie e al. 2007; Cinkovi asd
Bicik 210 3; Cinkova and Policht 2004, While rhinos are
the most social out of all the rhippceros species (see
Godclord  1967; Owea-Smith 1973, 1975 Lone 19893
Penny 1%H7) amd develop a network ol social relationships
in the wild with their conspecifics inbabiting the same area
[Dhwen-Simth 1971, 1975). This is fiol available, howeéver,
to the rhines Jiving in the limived environments of 2o0-
logrical gandens. A better wnderssamding of chemieal com-
mumication in anodher specses with low  reproductive
eppeess in capdividy, the pio pandn, has substantially
helped imaprove thest beeeding  programme | Swais good
el al, WK, MHOF) The use of rhinoceros dung hes been
supeesied us a mosagement ol o belp stmolate the
repraductive amd termitorial behovioor of copiive thinos
(Fomruker and Wagener 1906) and o nssist ibe monspe-
imitinl ol wild rhines {Liiklater et al. 2006) Linklaer et ol
(200 3] have recently experimenally aosdisl olfasciony dis-
crimvimation in empomrly captive Back rhines, Shailies on
the olfactory communicatin of while thinos, however,
remnin mainly deseriptive andd amecdotal.

The avim of this stisly was o sest whether the wikd
southern white rhinas are oble 10 discriminate familiarity
anid sex of their comspecifics from the smell of their duang,
To o krowledge, no swch stucy hos ever been conducted
im amy rhinoceros species in the wild, Dung is more easily
codlecied than urine. aimd we wesed the resctons of the
rhinos i the fresh dung os we wene unsume how lamg
possible olfactory coes allowing the discriminstion of
Gumilianny @l sex could persist m the dung,
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Table | Oharsciesisiics of ihe

Dimen's maliarity  Domor's ses Dosww's name  Semple sumbes
Uniamiliar F Lahuria |
Linkimilinr F Muohlaki 1
Unfuiniliar F Eeilibine ¥
Uil F Riiay 4
Linfamiliar F Ealibone 5
Linlumibtiai F Muohlaki 3]
LUinfumilinr F Mohlaki &
Uniomilinr F Bl 3
Unfumilinr F Blohlaki 1
Fainifaar F Mlammiailn ¥
Fanmibaar F Sophie [}
Familzar F Gill W
Faiiiilzar F Ry (L]
Famibiar F Manili 1
Famikar F Mamli 1
Fainikar F Mlaimisiiu 12
Familiar F Rimy 10
Linkemiliar Le Sulmity n
(RITTATHTTTTT | e ST 4
Unfumiliar M Vichor 14
Linfwmiliar M Vicion 16
Uniltimiliay M Victod 15
TFamibaar M Victor 17
Famifiar M Vitor ]}
Fainiluir ] Ahirgk. L)
Famibiar M Vihor i
Faniilaar M Vienor m
Famibar M Shrek 19
Famifiar M Vichor 15

test stibjects anil shelr clusion it o biendbons
I\ prticuler o ek Aluli M
Sophie Adduli F
Kt Adlili F
kg EATLHTTI T |
Miw® Sdmilull M
Henpis" Ritunluli 4]
Tiris Bitailull F
Sam levemle |
Chrisly Ievenile  F
Viesor Adluli M
[ TE Adduli F
Lucw Adduli F
Manusitg®  Adull F
AlE Subadull M
T lwriemk L
Hoschiad Jevemle F
ahs® levenile F
LA TETE ] Aaluli 5
Heity Adluli F
Kedibome  Aduli E
Mk priis Bubalull M
Midle T ehiile F
Sadrery Al M
Mamasiza  Adul) F
R Adili F
Wl Bwaidull M
Henrie Subilull M
" The five anlbmals whi wens Wluirphy Tervemis a1
m:n:" uhgect fur the Hahs hoele  F
Methods

Sawdy area. anamals and sumple collection

Olfnctory communbention in the wild sowherm white thinos
wis studied from May-Doecember 2002 in Welgevioniden
Cinme Reserve (375 'hm:'l and in Lapalala Wildemess
{36 km®) sttunied in the Waterberg Biosphere Reserve in
e Limpopss Prvince, South Africo,

Bindh reserves are fenced and are situaied approximately
A0 km wpart. The vegesation of bodl reserves belomgs 1o the
savanmn hiome and s charscierized as Walerberg moisi
memantain bushyeld, The annual rainfol] in this area vanes
froven B0 1o BOHD i, and the altiude minges froi 1200 10
1,506 m ivan Rooyen omd Bredenkamp 158596,

W stulied the reactions of 24 imdividimlly recogniznble
rhinos o the dung of familar and anfomatior sdall femoles
and pdull termidorin] males, We included in the study nmi-
ials of il sea-uge clisss excepl lor calves younger than
fi months (Table 1) Females were regarded as sxlolis @

£.5-7 vears of age when iheir flest call s usually borm o
males heiween [ amd 12 venrs of age when they achieve
socio-sexunl matarity and bevome solitary. The subadab
pericd staris @ 2-3 years of age when the juveniles ure
drivesn sway by their mothers after the bimh of o sabseguent
cull ({kwen-Smith 1971, 1975),

The dung used in the experiments was only collecied
when an aduli female or an adult temional male was
oiserved o delecabe, amd we were certain aboul Hesi
identity, A 2 kg dung sample was placed inm air-tight
plastie congainers, deep Trowen m —20 C the same day asd
usedd in an experiment up o a maximum of 4 months later
ifmr samples were sofed @ ondy —3 °C for 5-14 duvs
before bemg wsedi. Before an expeniment, the samples
were left for 24 b o unfreeze of room temperatune ood
were used withan 12 b ufeer defrosting. We vsad a ol of
0 dung samiples from eighi adull femaoles and Tour adub
terrilorial males in the experimenis (soe Table |5

The dung used as unlaibar m Welgesonden Chime
Reserve wis imporied fnom Lapalala Wildermess and vice

£ Springer
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viersd o ander 10 be certain that the st subgeet had never
curne i comtact with the donor, Familiar dung wes col-
lected from the snimals which inhabited the same home
range &s the wess swbject. We never wsed dung from o
member of a suhpect’s grup as milur dung. Compansns
from thee samie grosip only rarely move forther apan than 25
mibctres and reiviin whihibn e metres distines e majity
of the time [ Dhwen-Smith 1477} Finding the fresh dung of o
companion af o ploce where the Eroup b just andvel
coiald therefore alier the renctions of the aibjects

Expermmenial design

Tiee thinos were followed by car or on foid, and when the
snimpls seemed to be walking in the direction of a dung-
heap where no fresh diing wis present, an experimenier
placed a 2 kg dumg sample there, The mnls were onky
caomductzd on dry doys (o prevent min from washing oway
ihse scent friom che samples. The dung sas placed moee tlan
o thino holy |length from the nearest dung |'li|=. anid the
esperimenter then moved away, The disumce moved ey
fmom ihe sampke Jifenesd  beeween e eaperiments,
depended on the strcture of the habitat (dense or open),
and always allowed o clear view of the sdy place. The
cl:p:rirru.-:nler Iﬂ'inl,l I'PEI:iq[ aftention thot the rhines woulkl
niid see her placing the dung near the dunghesp and that the
Bibuvaouir of the dhinos woild ol be digiarbed iis amy way.
The reactions of the rhines were viden-reconled for 5 min
osimg a Camon Legria HF M31 digial camenrider. Reac-
i were only counted il the sishjec) was up 10 a distance
of ane thino body lengih from the sample. A6l the subjects
fimished lnvestigating the dung ad left the place befione the
end af the observation period. Afrer an experiment fin-
ished, the dung was removed,

I 2l he wccessiul trials, e dung was appronched by
the chinos within 80 min, If no animal approached the
sample koo masimom of S0 mdm, bl sometimes woner, i
wis removesl as the dung besiles usually began removing
thet dlng by this thme (the setivity of dung beetles amd the
isemaaty of dung removil mensise with icreasing alr
tempernture, e Dovis 1996 and we wried o mointiin the
same amourt of samples in all the trials, The orind began
wheen i suhgect started saiffing the dumg as this was the only
way wet could be sore that the suhject was aware of it

An alsemgl was made 1o balance the pumber of animals
of ench sex-age closs in the ireniments. Due o difficaltes
with dota colleciion, however, it wie b possible o
inclule the same aumber of anlmals of each sex-ape cliss
in ench tremtment, The inclusion of certwin snimals in
particular meatmsents was ofien manidom as i depemsded on
the availability of unfrosen experimental dung on the
particalar diy, We alse did no know shich animals we
winill be able (o bocite that day, A number ol ials wene

) Springes

nof sueeessful; the rhinos ofien did nol approsch the
expermental dung as if was very difficell 10 predien the
exadd directon where they were heading s that we could
ploce the dung sample there, Since the aduli temimorial bulls
seemnesd 10 react o the dunyg samples the most intensively
{inclding walking or runming around ard frying io find the
depeditiog), we mcluded the same aomber aff bulls i ocach
trestment. Addult bulls wre territorinl (Ceeen-Smith 1971,
1973, 197%; Rachlow et al. 1999, anid thene are ususlly
mure acull females, subudulis wnd juveniles in the rescrves
than there are sdult bulls. Dae o the Bmitéd mamber of
balls i our study sabes, we conbd either mclude only ome
baull in esch treatmemt or npope. In onder 0 increase the
sumibe sdee, we inchided one bull tn gach tremment,

We anly registered the reactions of o maximem of the
firss taa rhinos from the same group who came o sl the
samie sample (i long 24 B0 dhsoceros arinated or defe-
cnled near the snmple, which mipght alter the reactions of
adhers ) i onder 1o keep the repetinon of the same stimulas
I rndmimum. hasl ofien, only ofe or o chinos come o
smifl the samipde alchoisgh in twio cases, mose unbmals from
the same group armved (omoe live and once three animuols].
Five chinis were ased as o test subject twice (always in two
iifferes weatmentsy, and we allowed a mean ume of
il days between the consecutive trinls on each of these
animaks franging from 3 dovs to 4 monihs) isee Tohle 1)
This approsch was the only peactical solution b oir
prohlem with sample siee given the difficulty of colbecting
thicse Aot oi wild amimals (Wiley 200051 We were caroful
oy pssign animuol identity and sample nomber s randaom
factors in seatisticnl analyses following Webster et al,
(2002}, who wese also dealing wiith 8 simitlar problem in o
rire and difficili-io-study species when they imvestignbed
behavioural responses of Adrican wilid dogs tothe playback
eaperimenls,

Annlyses

The wvideo recordings wene analysed using the Activigies
21 eompuler programme pickiaze (Yeha and Donds 993,
We negistered the number of eniffing evenis. the durtion of
the sniffing and the latency of e vighlinee peste from
the ouser of snilling shich oocurmed ap o o distapee of one
rhingy bondy Bength from the sample, Such methods are
conunealy applicd in mnalyses of olfuctory discrimination
in other mammals including ungulates (Hubenstesn ond
Hack 1997 White et al, 2004; Knseper and Floager 2011}
Jojola ef al. 123 Makabayashs et al. 20127 Linkkster et al.
200 3y Chavmnillé-Jummes et al, 2004 Charlion 2004). ALl
the experimens in the Oeld were comduckad, and all the
wilen reconings were anal ysed, by one experimenter (1)
to ol amy inker-ohssrver variatkon, Sniffing wos defined
a5 slanding wath the bead down, above of oexl o the
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sumple and with the nose within approximately 20 gm
Trom the siple. Sniltme was ollén confirmed by a clearly
visible movemend of the nostrils. The vigilincs postare was
defimed as stonding and rubsing the head, looking ard [s-
teming; the amimal was sither scanning the sumoendings or
hind its goze and ears fixed ina ceriain direction, 1o subjec
digl ol axsne the vigllancoe pismiie, o beency of 5 min
wns aesigned

All ghe analyses ware performed wdth [BM SPSS Su-
tistics Nh0 (TBM Corp., Ammonk, LISA), amd we regnmded
all resules with # valoe <008 ae siatistically significan,
Wi analysed the reactions of the thines o the dung same-
ples wsing linear mived mislels with o sealed Sdentity
covarance srsciure dnd 8 resinciod maximin kel
estimation | West et ul, XHI7) This allowed us to test for the
influence of the lised effects of donee Tamiliarity. donor sex
and their mieraction while sccounting ke the ramdom
effects of nnimal identity and sample number. Toomest the
assumptioms of the limeor mised madel. the varables were
HAox-Cox ramsformed (5okal and Rohlf 20020 The fmal
Hessinn motrix of the linear mived model with the
diependent variable lagency off the vigilance posiume was niol
pisiiive idefinite, In such cases, simplification of ihe made|
is recommended by removing the andom effecs which
may nol he mecessary (West et ol HEIT) We therefore
remaweil five animals, which were smmpled wice (in tan
different treatments) Trodn the wodel, and kept oaly e
first resction o dung sample in the anolyses (w2 Table 1)
Thils allowed ws o fpemove the random efTect of animal
identity from the medel, and the lineor mived misde] was

Fig. | Diwesti gation of il
durig of ynlpeniBar and Familar,

frmale ond mnle danoms, Dala il

| [
trpeesom wean + SEM ' -
L] ”% T | a0 -

u-I [ a0 =

140} | % 1

| 30
SHIEr
D:.. - - - |. — ‘ u S

Untamiiar Familiar Female  Mals

Numier of sniffing svents

then fully eomgleted. The resicleals of ail tbe dependes
varhles (the number of swiffing events, the duration of
smiffing and the laleney of the vigilanee posture ) from the
linear mingd models were nommally distribated (confirmed
with Shapiro-Wilk tesis), the bomogeneily of vananoes
was eonfimmed by Levene's teste and the distnbution of
risadibiitils was alse checkid vissally (g-g plols. dsogrins,
s plois).

Melther the sample mimber e the ammol icdeminy hasd
any effect on the resctions of ihe riioos i the resulis of the
lHear mixed models. The reactions of five dhinos. which
were included in the study iwice in fwo different ineat-
mends. and the resctions of & maximum of two animals,
which came lo sndll the same sumple, could therefare be
considered ws independent (MoCGregor ef ol 1992), nmd
thebr imclasdon in the miodel thos proved justified.

Kesulis

The rhinos saiffed the dung of unfamilior animals longer
tham  that of familior amimals  (Fig. 1;  LhM:
Firovm = 5228 P = 0Me The durstion of the smifing
dad pon differ between the fomale snd male  dusg
(F g = (RE0O6, P e 0,9473), anid there wos no infleence of
the internctinn hetween the donor familinnty and sex on the
duiration of sndffing (F 17 = L3N, P = 0306) The
number of sniffing evenis wen amilar between the dung of
Foumilear and unlamilise animaks (LMM: F) o = 1304,
P oo (2700 and between the female ond male dung

Duration of snifing (sec)
—=. r'u . il e - -

-

Unfamilar Familiar Female  Mais

Labency of vigilance posture (sec)
m 1

== Lnlomisr

Female



VKb

Aiim Caopn (20055 183050

(e = L2020 P = 0.293), There was no inflaence of
il imleraction of donor familiadty and sex om the mumber
of sniffing evenie {Fjam= 088, P = 02314} The
lurenicy of the wigilance posture did not differ berween the
familisr  and  wofamilior (MM F a9 = 2023,
P =0076) and between ihe fonmle and male dung
(E ) s = U418, P = 0900, However, the tdnos dis-
played a shorer lstency of ihe vigilonee posture 1o the
famillar dumg of males than thet of females. For unfomalian
dung, they =howed a shorier latency of the vigilance pos-
twre fo the female than muobe dung (intermetion domor
familizrity*doner sex: Fj g = 5040, F = 0,040) {see
Fig. 1}

IMsensshnn

Our experiments indicale thoi southern white rhinos ore
oble jo discriminate the familioriny and sex of conspecifics
from the wmell of thearr dumg, amd o the best of our
knowledpe, this is the first such study on amy rhinoceros
species o bhe wild, Of@clony signals can persist in the
envirmnment [or some fime, and sinee the soutbern white
rhinos defecate &1 cominin dungheaps (Owen-Smith 1975,
19735), such ploces comld be impoartant soorocs of infors
mation for them. We do not know how long the scent cues
albowing Tor the discrimination of familiarity and sex can
persist in white thinoceros dung, The ohility, however, o
discriminaie such signols in the fresh dung as we presem
here, could provide the animals with mnpodant mformation
ahout the movements of other thinos inside thedr erritory
oF hiomee minge. Linklaber ef ol (2030 studied olfaciory
communication in temporanly caplive wild=caaghi hlack
ghines and found ihat thelr interest in the dung of con-
speciics dil not declme with the age ol the dung for up o
32 doys, with the dung being kept prstected From minfull
and direct sundlght. 'We could ihereflione predict that the
dung of sowihern white rhinos meght retain  impostom
chemicnl informaion Tor longer thon | day. o claim which
wiis suipportod By o obseiyatbons of soutbicrs while fibnos
being inleresed in older and dry dung.

I aier sty the dueng of unfamiliar thinos was sniffes
o pvernge more than twice as long as the familiar Sung
and the differences in the reactions of rhinos o the dung of
females and mabes were shown in the lnency of e vigi-
lnpce postune, which was ad the spme time dependent oo the
Tamiliarity of the donor, A shoner vigilance pesture 1o the
dung of familiar males compared with the dusg of wnfa-
mifiar males might he explained by the fact thad the thinos
guebckly wried w seck ot o famibar resbdem serritorial bull
as woon os idemimy conld be established, whereas with
anfamiliar dung, the rhines spem tme  smffing ol
atfempding 1 recogniee the deposatar,

&1 Springer

The scemt marks are often positboned @ places where
ihey can be more easily dewectsl, sich = abng trals ol
patbwiye. In middition, the receiver oflen benefits from
finding scent muarks, and bn thae case, it should actively
sk them oul freviewed by Gimling and Roberis 20600 ),
The ability to discriminaie the familiarity and sex hosed
o the dung odisrs can be very biapanan Tor the sockal
bethuviour and spatial organicaiion of the southem white
rinoceros. The terdieial bulls ofien wawve, for example,
in dry seasons o adgoent or more distant erritories o
seek waer (Dwwen-Smith 1973 asd in anens with lgher
densities af bulls, each femiory con be co-inhabiied by
pdult submissive males {Owen-Smith 1971, 1973, 1975,
Bachlow of al. 199975 11 can thenslore be essential for the
milult balls b pay special sttention b the scenl signabs
aned o distingilsh beracen the dung of fansiliar submbs-
save imubes and perritorial seizhbours amd e dung of
unknown intmders & well as o recognize the dung of an
unknown femabe walking in thetr terriory. Females ad
wibadulis can similarly benefit from dsenmminating the
fmilbariey aod sex From odour coes o dung el egister
the movements of olber proups and ol adult Balls insidde
their home mnge, Adubt temitenal bulls can somegimes
oitnck the subadubs (Owen-Smith 1975, 1975, Ader
finding the fresh dung of & esidemt tfemiboral boll, the
sbacults might awoid comfrontation with him by keoving
th lscaibon as; in such o case. s Okely thar the ball B
nesrhy,

Chemibcal compounds thet allow for the discrimination
of familianty or possible individual signature m the dung
of spaithemn white rhimes remuin o be identifed. Rewarch
o the vepetatien differences berween the two sy sites
was beyond the scope of owr study. We beliese that the
higher imferest of rhines im unfamiliar daeg was i ng-
gevedl by the imlenest in umknown vepetation since the
vegelation of bath reserves belongs o fhe snme vegetation
iype (Waterberg mobst mounioin bushveldy (van Booyen
angl Bredenkomp 149960 and the reserves are only simnbed
500 km Troan esch ather (see *MMethods™),

Black thines can ose chemiicul sigials i the duang Tor
iclentifying individunls and sex-oge classec Although the
ailult femnkes and males investigate the dung of both sexes
wmilardy overall, there ane dilferences in theirr reactions
towands the dung of subsinl males {Linklsier ot al, 2003,
In our shsly, we poobsd the subjects from all sex-age
classes becouse we did md monage 1o include p sufficien
mumber of animals 10 be sble o esi them sepamizly,
Meverlicless, it seenusd [ram our experiments thar the aduli
fermiiorial bulls were inleresisd in the experimenial dunpg
the miost as they alse fescied by auarking thetr ey with
wrapes onel spray ornofion or by walking o rennang
proviel and nitempting to locate the depositor, Farther
resanch should therefore Tocus on possible diffensnces
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the renctions of females and males w0 the scemt cues of
virrkie sex-age classes of dhimos amd alio on il practical
wse of olfaetory signals in the management and conservo-
tia of the whide shinooenos,

Linkkater et al. 200%) found that black rhinoceros
chemaosignals could affecs the post-releme movements of
il ambtiaals and they might therefore have a promising we
in wildlife munagensent, A Enowledge of olfaciory com-
mainlcation can als be imponan for encosraging hroeding
in mamnuls, which mepmdece poorly  in capiivity
frevigwed by Comphell-Palmer and Rosell 201 1), Since the
reprductive success ol winte rhinos w very ke in cap-
gfivily dep. Heromes o al. 2005, 2006; Swadsgood et al,
20k, 1 maght be bhelpfal w prostile them with aslditknal
olfectory dtimuli b help simulate the presence of other
fhiknos and therefone stimalate their social and reproductive
behaviowr, A knowledge of olfactory communication in
southern white rhinos mighd also belp us hetier understind
the commumication sysiem of thelr close melaves, onn-
cally emlangered nombern whike dhinos, onid increase the
chunce 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 southem (Ceratotherium simum)
and entically endangered northern (O coffoni) white rhinos are the most social out of all the
rhinoeceros 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 temitorial males, which
suggests that pant calls are more important in male-female than male-male commumication.
We also found that southern males discriminated between the female and male calls of
northern species and reacted more intensively to the calls of northem than southem 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, Morthern 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 (MeGregor 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 o encode information about individual identity, sex.
gpecics, dominant or subordinate status, fertile phase of females, kinship, signal context and
motivation of the caller (MeComb et al. 2000; Lemasson et al, 2009; Charton et al. 2000
Mathevon et al. 2010; Schneiderovd and Policht 2012 Tallet et al. 2013; Cinkovi and Policht
2014; Pfefferle et al. 2014; Pitcher et al. 2014). Receivers can therefore make decisions based
upan 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
aponistic 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 vanous groups (Broune et al. 2005). All
rhinoceros species have an excellent sense of hearing and smelling. but their evesight is weak
{(Penny 1987). Rhinos defecate at common dungheaps and use vocalizations in intra-specific
interactions (Goddard 1967; Owen-Smith 1973, 1975; Laune 1982; Pennv 1987; wvon
Muggenthaler et al. 2003; Policht et al. 2008; Linklater et al. 2013). Recent research has
shown that the southern white rhinos (Ceraforferivm simum) use olfactory signals in dung to
assess familianty and sex of conspecifics (Cinkova and Policht 2015) and that contact pant
culls of southem and norhern (Ceratedheritom coftoni) white rhinos contmn  sulTicient
information for the identification of caller’s identity and its species (Cinkova and Policht
2014). However, it has not vet 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 0 discriminate

between the vocal signals of conspecifics and closely related species (reviewed by Irwin and

2



Price 1999; de Kort and ten Cate 2001; Braune et al. 2008; Schuchmann and Siemers 2010;
Seddon and Tobias 200100 and divergence among the signals of different species may be
favoured especially when they oceur in sympatry (Ryvan and Kime 2003 ). The reactions ol 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. 20010), A natural range of the southem
species 15 southern Africa and of the northern species central Africa (Hillman-Smith 1986a).
Their contact pant calls differ in several call characteristics amd allow for a species
identification. which could be caused by adaption to different microhabitats in which thev live
(Cinkova and Policht 2004), Until now, however, it s 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
Orwen-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 termitorial and mark their territories with urine and dung (Owen-Smith 1973, 1973; van
Ciyseghem 1984). The northern and southern white rhinos have a large vocal reperioire
{Owen-5Smith 1973; Policht et al. 2008) and use a unigue 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 (Ceratotherinm  simum)
currently numbers 20,424 individuals, a high number of animals are killed every vear by the
poachers (Knight 2013). The northern white rhinoceros {which is also being referred to as the
Mile 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. 20046
Moetrione et al. 2007: Cinkovd and Bigik 2013; Cinkova and Policht 2014, 2015). Behavioural

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

3



breeding of captive populations (Lindburg and Fitch-Snvder 1994; Fisher et al. 2003;
Swaisgood et al. 2003). Better knowledge of vocal communication in white rhinos might
allow us 1o manipulate their vocal environment through the use of acoustic stimulation and
modity their endocrine physiology as has been shown in other animals (McComb 1987; Ball
and Dufiy 1998) to improve their chance for reproduction.

The aim of this study was to examine 1f 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 temritorial southern white rhinoceros males. We studied if males are
able o 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 deseribe in
detail the reactions to the playbacks with regards to their possible use for stimulation of social
and reproductive behaviour of rhines. We also studied discnmination 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
heterospecilic signals can be more complex and although they generally respond more
strongly to the signals of conspecifics than allopatric closely related species, thev can also
react to them equally intensively or show a greater reaction o a heterospecific signal (Braune

et al. 2008; reviewed by Ord and Stamps 20049,

METHODS

Study sites and animals
Playback experiments on the adult territorial southem white rhinoceros males were conducted
between June—November 2011 and May—December 2012 in South African wildlife reserves
Welgevonden Game Reserve (375 km?). Lapalala Wildemess (360 km®) and Mthethomusha
Nature Reserve (72 km?h 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, Dvor Kralové and Bratislava from 2009-2014. The calls
of the northern white rhinos were recorded in zoological garden Dwvir Kralové from 2009-

2012,



Ethical note

This study including the plavback 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 Ké powering
mosdule, frequency response: 40-20,000 He £2.5 db) Oitted with a Ryveote 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 staris at 2-3 vears of age when a juvenile is chased away by its
mther after the birth of a subsequent calf. Females become adult around seven vears of age at
first parturition and males between about 10-12 vears of age when they altain socio-sexual

maturity and become solitary {Owen-Smith 1973, 1975,
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Fig. 1 Representative pant ¢all 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. | = inhalation, E = exhalation



We analysed one call from each animal to avoid pseudo-replication (MeGregor et al.
1992} and included into the analysis only calls, which were recorded in a good quality with
low background noise. I 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 analvsed
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 1o their duration: (1) 0.0-0.2 sec, (2) 0.21-0.4 sec, (3) 0.41-0.8 sec, (4)
>{1.81 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 resulizs of Cinkova and Policht (2014), we selected and calculoted 12
temporal and spectral parameters of calls.

Using Avisoft SAS Lab Pro 5.2.07, we calculated call duration (sec), number of
clements 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 guantify 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 pfirmean in an exhalation

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

Plavhack experiments

We tested the ability of nine adult bulls to discriminate between the pant calls of unfamiliar
female and male southern and northem white rhinos, We used for playbacks the calls of seven
subadult and adult female (aged = 4 years) and three adult territoral male southem white

thinos and the calls of three adult female and one adult territorial male northermn white rhinos.
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The calls of southern males and northern male and females were recorded in isolation and
cills 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;
Afncan grev hornbill {Tockuy novurus), Swainson’s francolin (Prernisies swainsonif), pied
crow (Corvis afbus), hadeda ibis (Bostrvchia hapedash), blacksmith plover (Vamelfus
armatus) and white-faced duck [ Dendrocyena viduata).

The stimuli were broadcast using a Barrel digital plaver and a custom-built
loudspenker (power output: S0W, frequency response: 48200000 Hz + 3 db) connected to an
amplifier (kindly constructed by P Krchfidk 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 thinos in the study arcas 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 consccutive experiments on one animal and
bulls were exposed 1o 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 (83
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 uwsing 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 sulTicient 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 plavbacks.

Statisiical analvsey
Statistical analyses were performed using IBM SPSS Smansnes 20.0 (IBM Comp., Armonk,
U'SA) A significance level of p < 0.05 was accepted and all tests were two-tailed.

We tested if the scoustic parameters ol pant calls of the southem 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 distnbution {(confirmed with Shapiro-Wilk tests) and achieve homogeneity of
their vanances (conlirmed by Levene's tests). We only report results that were smatstically
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 playbhacks were analysed using
the computer program package Actvities 2.1 (Vrba and Dondt 1993) and we used lor
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 cormection. Potentially confounding factors
speaker-subject distance. volume of playvback and order of a call in an experiment had no
effect on the ntensity of reaction of males 1w the pant calls (see Table 52 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 lurther analysed only the reactions to the pant calls and registered the latency and

duration of vigilance, looking and tuming 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
| 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) analvsis (lor
rationale see McoGregor 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. I
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 expenment 2, the
latency ol approaching fulfilled our ernena, however, it was only little correlated with other
behavioural measures and the Kaiser-Mever-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-Meyver-Olkin and Bartlett’s
criteria so their use was justified (MoGregor 1992). The scores of the first PC in cach
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 plavback.



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

Increasing intensity

Mo, Reaction

(0 Mo reaction

(1) Vigilance: standing or lyving with raised head. paze fixed or scanning

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

{3)  Tuming body towards the speaker in an angle equal to or less than 307

i4)  Tuming 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

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

{9) Running towards the speaker or a female

{10) Funning towards the speaker or a female and marking or calling

{11y 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 of 1t 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 panit calls

Males had smaller fpl amax in an inhalation (GLM: Fj2:=6.497, P=0.017), shorter duration
of exhalation (Fja5 =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 (Fy25=%9.173,
P=0,006), lower ampratio | in an inhalation (Fi:e=8.432, P=0.008), less call elements
(Fi24=5.408, P=0.028) and shorter duration of the longest exhalation in the call (Fi2:=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 (Fya2=4.205, P=0.051). There was an
interaction between the sex and apge-class in the dumation of shortest inhalation in call
(F12s=5.448, P=0.028). We found an interaction between the age-class and context in the
duration of exhalation (F;z:=10.884, P=0.003), the duration of shonest exhalation
(Fi29=8.691, P=0.007), pftrmean in an exhalation (Fy25=5.749, P=0.024), the order of the
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longest exhalation in call (Fy2==4.283, P=0.049) and entropy (std) im an inhalation
(F125=4.272, P=0.049). Suatistical interactions also indicated differences between the sexes,
ape-classes and contexts in the number of elements i call (F)=13.903, P=0.001), call
duration (F;25=7.977. P=0.009). order of the longest exhalation in call (F) 2s=7.887. P=0.01)
and duration of the shortest inhalation in call {F) 25=4.406, P=0.046).

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

The males in isolation reacted to the control sound, female and male southerm white
thinoceros calls in experiment 1 with sigmificantly different intensity (exact Friedman
ANOVA: N=9_ " :=14.824, P<0.001) and their reaction was more intensive towards the calls
of females than males (exact Wilcoxon test: N=9, #=-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, v +=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 83 in the Supplementary material). By comparing PC1 scores. males” reactions 1o
the male and female calls were found to be significantly different (exact Wilcoxon test: N=9,
F=2.547, P=0.008).

The intensity of reaction of the males in isolation to the contrel sound. female and
male northern white rhinoceros calls in experiment 2 signilicantly differed (exact Friedman
ANOVA: N=7. 1" 2=11.3835, P=0.001), but males reacted to the female and male calls with the
same intensity (exact Wilcoxon test: N=7, ties=2. #=-0.135. Bonferroni corrected P=1) (Fig.
3). Males devoted significantly different time to walking and running after the playvback of
control sound, male and female pant call {exact Friedman ANOVA: N=T7, ¥ :=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 vanance (sce Table 53 in the Supplementary material). By
comparing PC1 scores, we found that the reactions to the male and female ealls significantly
differed (exact Wilcoxon test: N=7, #=-2.197, P=0.031).

The differences in the intensity of reaction of males in visual contact with a female 1o
the control sound, female and male southern white rhinoceros calls in experiment 3 closely
approached significance {exact Friedman ANOVA: N=6, 3’ r=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, Bonlerroni corrected P=1) (Fig. 3) as well as the activity of males after the plavbacks

{(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 53 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 southem white rhinoceros pant calls according to
sex, age-class and context. E =exhalation, |=inhalation, Sub=subadult, Ad = adult,

F = female, M = male. See methods for explanation of abbreviations of acoustic parameters
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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 |
discriminated sex from the contact pant calls of conspecifics and reacted more intensively to
the calls of females than territorial males. showed a shorer latency to turn body towards the
speaker and approach il 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
wialking 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 Ev et al. 2007; Lemasson et al. 2009). However, males of some prnimate
species without sexual size dimorphism have shorter calls than females (reviewed by Ey et al.
2007y and females were found to prefer males with the shortest calls (Miller et al. 2004),
Height of the while 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 charactenstics might allow a male to better intercept other animals’
movements or vocalizations between particular call elements. Several temporal parameters ol
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 20403:
Charlton et al. 2010) and more frequent repetition of svllables could help other animals locate
the caller (Aubin and Jouventin 2002). The adult white rhinoceros males are solitary (Chwen-
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
whien a female 15 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 sugpests that males indeed anend 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 leaming. The role of communication
signals in recognition between conspecifics and closely related species may be complicated
and anmimals can show a greater reaction (o a heterospecific signal {reviewed bv Ord and
Stamps 2009). If territorial southern males prefer an olfactory channel for male-male
communication {see above) and do not react stronglv o the pant calls of conspecific males, a
similar vocal signal of a northerm male, which contains different and unknown call
characteristics could cause more intensive reaction due to a novelty effect (Tulving and Kroll
19953,

Bulls also marked their erntory sooner after the plavbacks of southern females than
males, but later after the plavbacks of northern females than male (however, the differences
between both sexes of northem white rhinos were not significant, see Fig. 5). The
asymmetries in reactions 1o the female and male calls of both species could also suggest that
the differences between the calls of both sexes are distinet 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
i determine il 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 termitory. 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 tnals. Experiment 3 contained the lowest sample size
from all three experiments and a larger sample size would therefore be necessary o 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 carlier when
exposed 10 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 o bull urine than steer urine (Tauck and Berardinelli 2007) and male's unne, 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 ermtonal 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 g = 25.
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Dwiratson of shorest exhalation I 0,025 &.6%] 0,007
E: duration I {050 [0 BE4 0003
Order of longest exhalation I 7.150 +4.283 [ERIE L
[: peak freg (max) | B300]1.737 3919 0.059
I: ampratic | | .63 3.041 .04z
[; fplamax I 2.1% 2921 LRI
I: entropy {std) | .004 4272 (049
E: pitrmean | 127229 5.749 nnz4
Kex * Mumber of elements | 6241l 13603 R
f::;:ﬂ *  Call duration I 1.542 7977 0009
Dweration of longest exhalation 1 0.023 2629 0117
Dwration of shortest inhalation I 005 4.4k [IRIETT
Dwiratson of shortest exhalation I 0,06 0,193 {664
E: duration I 0.0 00484 0.775
Oirder of longest exhalation I 13166 TREY (IR
[: peak freq (max) | 23336 308 1.063 0.312
I; ampratio | I {049 2350 0.137
I: fiplamax I {0049 D2 0913
I: entropy {std) I b, 0K D2 0914
E: pftrmcan I A7 16 2584 0,120




Tahle 82: 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 | 0.233 0.348 I8
Experiment 2 0.153 (.600 14
Experiment 3 =(1.353 (0.258 12
Volume of plavback

Experiment 1 (.185 0,457 |8
Experiment 2 -0.024 0.943 14
Expenment 3 -0.453 0.140 12
Order of a call in an experiment

Experiment 1 0412 RIS 18
Experiment 2 -0.147 0.642 14
Experiment 3 .173 0.613 12

* Statistical analysis was performed wsing StatXact 7.000 (Cytel Inc., Cambridge, MA, UUSA),

Table 83: Eigenvalues, explained variances and rotated loadings of behavioural measures on

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

Behavioural measures Experiment 1 Experiment 2 Experiment 3
SWR calls in NWR calls in SWHE calls in
isolation isolation visual contact
PC P2 M1 PC2 PC1 PC2
L vigilance 0.829 0373
D vigilance =0.025 0.972 =[),592 =041
L looking 0867 -(.222 {1,900 0040
[ looking 0.955 0,011
L. turming body 0.955 (.02 0815 0.2286
D turning body 0.957  0.092
L approaching 0.805 0.399 0217  0.844
D approaching
L. calling with contact call 00,4005 (.843
L. marking the terntory (0,693 0,011 -0.089  .855 0143 ), 864
Eigenvalue 2.79 .15 2.35 1.62 223 1.65
% Variance 55.85 23.08 47.03 3238 44.57 33.04
SWR = southern white rthinoceros,. NWR = northem  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, véku, 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 reprodukcniho cyklu u samic
(Swaisgood et al. 2000; Charlton et al. 2010), urovni hladiny androgenti u
samctl (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 zdklad¢ chovani, fyziologie nebo morfologie
ostatnich jedincti (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 prispivaji k posouzeni signalizujiciho jedince
pfijemcem jesté predtim, nez se potkaji (Gosling a Roberts 2001). Nosorozci

maji vyborny sluch a €ich, ale jejich zrak je slabsi (Penny 1987). Nosorozci
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tuponosi a Cottonovi maji nejvice rozvinuté socialni chovani ze vSech druhii
nosorozcti (Goddard 1967; Owen-Smith 1973, 1975; Laurie 1982; van
Gyseghem 1984; Penny 1987) a dobfe vyvinuty komunikacni systém mize
byt tedy pro né zvlasté dilezity. Oba druhy jsou blizce pfibuzné 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 divodi mtze
byt zména jejich socialniho chovani v zajeti a nedostatek socidlnich podnéth
(Lindemann 1982; Swaisgood et al. 2006; Metrione et al. 2007; Cinkova a
Bic¢ik 2013). Behavioralni vyzkum a znalost komunikace jsou velmi
vyznamné v ochrané¢ a managementu zivocichti a mohou pomoci nalézt a
vyfesit 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 Cottoniv, ktefi jako jedini z nosorozcd
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

5



vyprazdiiuji na spolecnych hnojistich a samci si znaci své teritorium moci a

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

3. Prehled vysledki

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 nosorozcti Cottonovych.
Volné Zijici samci 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 L., 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. Vocal 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. cotfoni) 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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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. 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
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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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