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THE REHAVIOURAL ECOLOGY OF TERE WHITE RHINOCEROS
Rupert Narmen Ovan-~Solth

Cnder the suparvision of Professor John T. Eulan

A 3 1/2 yaar £ield study was garried out in thas
Untolozi~Corridor-Fluhluwe Gane Ressrve Cooplex in Zuluiand,
Scouth Africa. Vegsetatlon wms merinly acacla savanna. Dearly
3000 hours of direct obsarvation wera supplemented bty redloe
tnlepatry; 677 anlzals were recognized indlvidually. Tha
phylogeny and dlstribution of the species are outlined.
Horphologiocal and physlologiecal characterlsties are su-mar-
izad, and basic motor patterns desorlbad,

White rhirnos are ertirely grazer:z using their broad
lips to pluck grass close to ground lavel., Short grass
argas werae favourad for mest of the ysar, while during the

late dry seascn stapds of tall Themeda trisndra wera grazed.

Drinking tcok place only avery 2«4 days durlng the late dry
season. Wallowing in nud was fewguent during summer; the

mid cover probebly inhliblts ectoparasites. Peak mctivity
lavels ogeurred during the earller mernlng and evenlng but
wers modified by prevallirg ccrndltlonz of temperature and
lngoloation, 4nimals rasorted to shady rest-places on ridge-
¢rests through mldday. TFeeding ccecupled a year-round average

of 48.8% of the day and raesting 36.84, wilth more hours



davoted to fesding following spring ralns.

Adult males wera tasically solitary. 4duli femmles
wore ugually accompanied by a ningle offspring, or slter-
natlvely by up to sis adolescents. fdolescents were groupad
megtly iln twos. Territorial tulls cccupied mutually exclusive
heme ranges of 0.7-2.6 km? which ware coinhahited by 0-3
Isuhérdinata adult bulls. Cow hopa ranges covered 10-15 kn?
with novements restricted to a oore srem of §-~8 kn? during
optimum grazing condltions. The snnual renge 1lncluded
corrldor axtensions to lonz-lasting water sources.

Ten auditory dlsplays were distingulsted. Visual and
taotila dlsplays were lass conspleuots. Only territerlal
tulls sgent-marked by spray-~urinetion, aad dung-secattering
at diungheaps. Resident territorial hulls confronted lrntruders
8ilently horn ia horn, #hlla subordinate bulls resporded
with a defenslve snarl dlsplays used also by cows and ippa-
turea. Rituallzed confrontations took place at territory
~ borders. Territorial bulls also invastigatad cows while cows
and immature aniwals pald 1little attentlon to one snother or
met nasorasally. Intragroup relaticnships ravealed a close
bond between two companlions with additional adolescants_cf
bulls more locsaly attachad.

Beprodustion was ysar-round with seasonal fluctuatlonms.

Tarritorlal bulls gonfined oestrous ecows within thelr
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territorias for 1-2 weeks, aourship advances spanned 24

. hours and copulation lasted 16~28 ninutes. Subordinate bulls
ware excluded from reproduction., Gestation pericd was 16
months and lactation usually continuad fer about B ysar.
Ontogeny through infancy, juvenllehood and adolescence is
daseribsd, Pomalas oalve at 6 1/2-7 years and nalss mature
rature asogially at 10-12 years. Deposed territerlal oulls
repained within tha territory assuning cubordinate dull
behaviour,

thtla-notice yas takaeun of other unpgulatesz. Dlseases
and parasitlsm had few apparert effects and predation wms
rare. Confusad responses to man ara dlscussed.

Total population size was nearly 2000 with population
denslties in favaurable habitat averaglug 5.7 /kné. Popula=-
tion trand showsd a constant 9.5% rate of increase. Overall
age ocompoaiticons was 46.1% adults, 32.1% sudadults and 21.9%
aalvas. Adult sex ratloc was 80 males: 100 females, while
gacondary sax ratio showved an execess of cales. ¥ortality
rates were estimated to be: edults - 2,04, subadults 3.0%,
Juveniles 3.5%; pre- and postnatal losses 8%, Intercalving
intarvals averaged 2.5 years. Tha ahsence of population
regulatory changes desplts habitat detericretion were relategd
to the current prevantion of subadult enmigration and lower

dry saason populatlions of grazing competltors,
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It 13 recozmended that ﬁhita rhine blooass he reducsd
bty one third with increaze then oontroilad bHy the removal

of ralnos settling withln selectesd "vacuum areas”.

Approved




I. INTRODUCTION
s,

o+

A, PROLOGUE

Tha need for this study arcse from the continuing ex-
pansion aof the white rhinoceros population in the Zululand
game reserves of Umfolozi and Hluhluwe, The success achieved
by the conservation measyrea taken to save the white rhino-
ceros from extinction had become somewhat embarrassing.

From a relict which supposedly still numbered only about

20 tndividuals in 1922, the Umfolozi population had in-
creased steadily in size; 912 white rhinoa were counted in
the 1965 aerial cenaus (later evidence shows that this wan
an undarestimate)}, Tha grasa cover was deteriorating
rapidly., With high population densities, there was the
dangsr cof a disease epidemic which could suddenly change the
success story.

In 1961, the Natal Parks Board, under the directorship
of Col, Jack Vincent, farsightedly instituted a program to
translocate a portion of the white rhino population to
reatock other areas of {ts former occurrence in southern
Afxica, and to make specimens available to zoos throughout
the world., This dispersal of the stock of the species

made it possible for the IUCN to remove the southern

1,

/
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whites rhinocercs from the Red Data Book of endangered
apecies,

However, the removal program only delayed the dangers
of overpopulation which seemed to be looming in the Um-
folozl Game Resexrve, where the bulk of the population
remained concentrated., The distribution of white rhinos
and their effects on the habitat were somewhat uneven, and
information on the ecology and sociclogy of the species was
clearly needed in order to plan appropriate management
steps, Yet, information on the animals remained limited
to the short term observations of park rangers and to the
notes of early hunters (notably Selous (1881, 1899) and
Kirby (1920)). The only recent published accounts were
those of Player and Feely (1960) and Foster (1960) for tha
Zululand population, and of Heppes (1958) and Backhaus
{1964) for tha Ugsnda and Congo populations of the northern
subapecies. Beckhaus' was the onlj sclientific study that
had been attempted, but was 1limited to four months of
field observations,

This was tha background when I commenced my work in

January, 1966, I was then a graduate in chemistry,
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looking for an opéﬁrtunity to get into wildlife research.

I was initially encouraged by twe men: Prqf. G.A, Petrides
of Michigan State University, then visiting professor of
wildlife management at Pretoria University: and ﬁr..R.C.
Bigalke, then Principal Research Officer of the Natal

Parks Board., I began with a simple brief, to observe and
find cut as much as I could about the habits of the white
thine., Underlying questions clearly related to the factors
which influenced the distribution and numbers of the specles,
which are fundamental in the science of ecclogy. The two
factors which secemad to me likely to be of prime sig-
nificance were food and social relaticnships, The favor-
able circumstancea prevailing for the observation of
individual life histories scon caused me to concentrate
pa;ticularly en social behaviour,

After a4 six month initial atudy period, I spent two
years undexrtaking course work in zooclogy and wildlife
ecology at the Univerasity of Wiaconain in Madisen, In
November, 1968, I returned to South Africa, and apent
almoat a further three years quaged in full time field
observations an the white rhinocerous in the Umfolozi

and Hluhlywe reserves, For thils, I was extremely



fortunate in having the superviasion and friendship of
Prof, John T, Emlen of the University of Wisconsin,

Thare are few species of large mammal for which it is
not only moxe pleasant, but also more effective to work
on foot, In being able to wander freely exploring the big
game wilderness of Umfolozi, I satisfied a personal am-
bition which had helped fmpel me into the field of wild-
1life research, The African wilderness is a vibrant,
1iving world about which it is impossible to be passive.
Travelling cn foot, one is intensely aware of and impreased
by the datailed patterns of trees, grasses, soils and the
riffles after rain, the dawn, sunshine and the cool,
quiet world of the night, wkather and seasonal changes;
and of the livea of the numerous animals, large and small
which exist there., This subjective confrontation imparts
deep empathy for ecologlcal relationships and the pheno-
menan of life, and influences personal philesophical
artitudes to the proceas of 1living.

Tha major results of this study relate simultaneously
to both behaviour (or ethology) and ecology. I will

consider as behavicur the mechanisma by which an animal



responds to its perceived environment, in a manner that

can be gbserved externally, This approach, which can be
termed that of behaviocural ecology, is here distinguished
from physaiological ecaleogy, in which internal reaponses

by the organism to environmental factors are conaidered,

In explaining observed behavioural actions, I will generally
not relate them to underlying neural mechanisms, but

rather will interpret them as consequences of edaptation
and natural selection,

In view of the paucity of previous published material
on tha white rhinecergs, the treatment will be menographic,
On account of my own biases, information will be more ex-
tenaive, and better subatantiated, on social behaviour and
population ecology than on other aspects of blology. In
the remainder of thia chapter, I will introduce the back-
ground history of the species, Chapter II describes
chiracteristics of the study area, and the research
techniques employed, Chapter III summarises basic at-
tributea of the apecies in terma of morphology and
physiology. Chapter IV will cover the behavioural
patterns linking individual maintenance requirements

ta the physical and floristic environment, Chapter V

: e p—




covers in some detail the social organization of spatial
dispersion and behavioural interactions., Chapter VI sur-
veys nore briefly relationahipe with other speocies,
Chapter VII considers the consequences of these in terms
of changes in distribution and numbers., Chapter VIII
discusses management technology, and leads to a set of

recommendations,

B. PHYLOGENY AND TAXONOMY
1. Eyglutionary origins of the medern Rhinccerotidae

The family Rhinocerotidae included many species
representing several.diverse lineagea during the early
to mid Tertiary period (Colbert, 1969; Thenius and Hofer,
1960; Theniua, 1969). ﬁvolutionary trends commonly ex-
hibited by these lineages ineluded (i) an increase in
general body size; (i1) the development of broad three-
toed feet for support of the heavy body; ({11} a tendency
towards molarization of the premclars (in common with
ochet Perissodactyls); (iv) a lengthening of the crowma
of the cheek teeth; {(v) frequent development of horns
on the skull which were unique in lacking & bony cor;;

their presence may be inferred in fossil remains from



the presence of roughened supporting areas on tha cranium,

The tendency towarda-large body size wea presaged by
Cagnopus, an early Oligocene atem form, which stood 1.3-
1.5 matrea high at the shoulder, Its maximum expression
was reached in Baluchitherium, from the Oligocene and
‘ early Miocene of Asia, which stood up to 5,5 meters at
the shoulder, and is the largest known land mammal,
Igleocerss, a squat, heavy bodied North American form,
had a single small horn at the end of the nose, while
tha Diceratheres had two smsall nasal horna arranged side
by side. The Elasmotheres were Pleistocene glants with
a huge -single horn in the frontal region and high crowned
molars exhibiting an extremely complicated enamel pattern,
evidently an adaeptation for grazing the hard steppe
grasses of their Eurasian home,

Forms ancestral to the five extant specles of
thinoceros were also represented during the mid-Tertiary
period, Theae may be grouped within three distinet sub-
famjlies: the Dicerorhinae, the Rhinocerctinae, and
the Dicerinae (Thenius and Hofer, 1960; Thenius, 1968
and 1969),

The Dicerorhinae can be traced back 40 million years



to tha tapir sized Dicerorhinus tagicua of the Oligocene,

The group is characterised by two horns arranged in tandem
on tha snout, and by a tendency towards ossification of
the nesal septum, Among early Fleilstocene representatives

ware, D, hemitoechuys, and Merck's rhinoceroca, D, kirch-
borgenair, However its most striking product was
Coelodonta entiquitatis, the wooly rhinoceros which in-
habited Europe during the later Ice Ages. In Coelodonta,
incisore and canines are completely reduced, molara are
high-cresmed (hypsodont), and the skull is greatly
laengthened, adaptations clearly related to & gramnivorous
diat, The living species, the Sumatran rhinoceros D,
symatrensis, differs relatively little from the Oligocene
D, tagicua, Incisors and canines persist, while the

molars are relatively low-crowned, D, sumatrensis is a

relatively smell rhinoceros atanding only 1.2 metrea high
at the shoulders, its skin i{s sparsely covered with shnrt
hair, and it {8 a browser frequenting the forests of
gouth-east Asia, Histo?ieally it wes once widely dia-
tributed from Assam through to Vietnem and the islands

of Borneo and Sumatra, Today only about 100-170 in-

dividuals are estimated to survive (Fisher et al,, 1969),



and since these are sparsely dispersed through much of
this range, their future is somewhat precariocus.

The Rhinocerotinae can be traced back to the Miocene
species Gaindatherium browni from the Sivalik hillas of
northern India, This in turn was probably derived from
the Oligocene Caenopus, The two living apecies, the

Indian chinoceros Rhinoceros unicornis and the Javan

rhinoceros R, sondaicus are characterised by a single
Born on the end of the snout, and by the retention of
‘lower Incisor tusks which are used offensively for biting.
R. sonddicus ia the more primitive, having altered little
aince the early Pliocene, 1t i3 a browsing, forest-
duwolling form standing about 1.5 metres high at the
shoulder, and was once distributed through most of south-
east Asia from India to the China berder and asouthwards
through Sumatra to Java, Currently only about 40 in-
dividuals survive, all confined to the Udjong Kulon Re-
sexve in western Java (Simon, 1966), R, unicernis is
larger, standing about 1,8 metres high at the shoulder,
and 1is mainly a grazex of fiood-plain grasslands, though
it also browses forbs (Ullrich 1964). Though formerly

more widespread through northern India and Nepal, it is
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today restricted to thé Kaziranga sanctuary and adjacent

parts of Assam and southern Nepal (Fisher et al. 1969).
The Dicerinse resemble the Dicerorhinae in having

two horns arranged in tandem, but lack the ocasification of

the nzaal septum, while incisors and canines are lacking.

Their early phylogeny is obscure. The finding of the

aberrant Paradiceros mukirii, showing resemblances to

Dicerog, in late Miocene depesits at Fort Ternan in Kenya
(Hooiler 1968) suggests that the group had an independent
African origin (Hooljer and Patterson 1972), The earliest
known representatives, Diceros pathvqnathus and D,
douriensis, occcurred in Rurope and North Africa res-
pectively at the time of the Mlocene/Pliocene transitiem.
Thexre are two extant specles, both entirely #frican:

the black rhinoceros Diceros bicornis, and the white

thincceros Ceratotherium simum, Ceratotherium evidently

diverged from the Dicergs lineage during the course of the
Pliocene; feoasll remains from late Plioccene deposlits in
Kenya and the Cape Province, tentatively dated to about
4-5 million years B.P,, show resemblances to both modern
forma, and have been assigned to a separate species C,

pragcox proﬁnbly ancestral to C, simum (Hooijer and
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Patterson 1972; Hooljer 1972}, Post-cranial bones of this
fora from the Cape are larger than those of the modern

£, simum, Barly Pleiﬁtocene fossils from Bed I and lower
Bed II at Olduvai Gorge, Tanzania, are referred to as
subspecies C, s, germancafricanum (Hooljer 1969). Dicerocs
hicornis occurs at Olduvai only in the more kecen: beda,
However, early Pleistocene teeth found in the Usno for=-
mation of the lower Omo Basin, Ethiopia, are almost
indistinguishable from those of the modern D, bicornls
(Howell et al. 1969).

Differences in dentition between the black rhinoceros
and the white rhinoceros relate largely to their differ-
ing dietary adaptations. The black rhinoceros 15 a
browser and accordingly has high cusped teeth. The white
rhinocercs has high-crowned cement covered teeth in
accordance with its gramivorsus diet. Other specializa-
tions for grazing showm by the white rhinoceros include =2
greatly lengthon~d skull and broad lips.

The black rhinoceros is still widely distributed
through moat of its historic range, which extended from
tha south-western Cape northwards to Ethiopia and

Somaliland. The white rhinoceros had & more limited
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historie diatribug;nn, with separate populations occurring
in southern Africa and in north-ecastern Africa.

The morphological adaptations for grazing shown by
Ceratotherium strongly resemble those of Coelecdonta, but
were independently evolved. As Coelodonta was the moat
progressive end-product of the Dicerorhine stock, so
Cexatotherium i3 of the Dicerine lineage. The radiation
of Cerarotherium from the Diceros stock was probably re-
lated to an expansion in the extent of grassland resulting
from the droughts of the African Pliocene. Ceratotherium
is exceeded in size only by Elasmotherium among rhino-
ceroses and the latter may well have taken some browse to
carry it through the more northern winter, as is known to
have been the case for Coelodanta, All larger Probos-
cideans were probably at least partially browsers, aa
are the modern elephants, Thus, Ceratotherium simum may
well be the largest entirely grass feeding herbivore

ever to have walked the earth,

2. Taxonomy of the white rhinoceros

The first scientific description of the species is

that of the French traveller Burchell (1817), based on
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a specimen obtained in 1812 in the northern Cape Pfavince
about 150 kilometres north of the town of Kuruman (Cave,
1967), However, the species was probably known to the
Boer settlers before then; Barrow (1801l) refers to the
suppased occurrence of a white rhinoceroe in Haﬁaqualand.
Burchell applied the name.Rhinocerod simua, and the generic
name Ceratotherium was first proposed by Gray (1867).
Thomas (1901) and more recently Ellerman et al, (1953)
regardad the specles as congeneric with Diceros bicornis,
Cave (1962) outlined evidence in support of the retentidn
of the separate genus, Striking differences between the
two species are largely craniai, and.relate to the dif-
fering dietary specializations of the two species,
Hooljer (1969) and most other modern workers have followed
Cave {r accepting the validity of the genus Ceratotherium,
The existence of a northern population of the white
rhinocercs was confirmed only in 1900, when a skull was
secured from the Ladc Enclave of the Sudan. This was
separated subgpecifically by Lydekker (1908) under the
neme R,S, cortoni, on the basis of the single specimen.
Heller (1913} examined fourteen Lado skulls and nine

South African skulls, and supported the subspecific
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diatinction with evidence of a consistent difference in
the depth of the dorasl concavity of the skull, This was
found to be 50 mm or less in adult Lado apecimens, but
at least _60 me in South Africﬁn material, The greater
flatness in doxsal outline of the skull in the northern
race is noticeable in photographs of live animals, Hooljer
(1969) feels that the differences proposed by Heller are
bardly worthy of sﬁbspecific distinction, However, an
axtensive collection of specimens has yet to be examined,
and the nema C,S5, eotfon; has generally been retained for
ths northern form.

The origin of the vernacylar name white rhinoceros
and its equivalents has been the subject of much specu-
lation. The skin colour of the specics is sctually grey,
similar to that of the black rhinoceros, Several authors
have suggested that the name 15 derived from & corruption
of a Cape Dutch name 'wijd mond renoster" (meaning wide
mouthed rhinoceros). This supposition is entirely con-
Jectural, and etymologically unlikely, since the word
*braed” would have been used rather than 'wiid" in such
a context, A more plausible explanation {s simply that

the f£irst apecimens observed appeared paler in coloration
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than the black rhinoceroses known from the more humid
socuth-western Cape; perhaps as a result of rolling in
calcareous soil, For example, Figuler (1870) quotea
Chapman: '{ts colour is of such a light neutral grey, as
to look nearly as white as the canvas till of a wagon";
and Coryndon (1894) states that white rhinos were said to
have been much paler in the south-western part of thelir
range than those from further north-esst, "Blue" rhina-
ceroses are also reported from this period, referring to
a supposedly distinct form of Digcerocs bicornis (Selous,
1881; Buckley, 1878).

I will uvse the name white rhinoceros in this report,
simply beceuse it is more widely employed and lesa cumbex-
soma than the more accurately descriptive alternative,

square-lipped rhinoceros,

Nomenclature
Selentific: Ceratotherium simum, with two subspecies:

C,s8, simum (scuthern Africa), and C,s, cottoni

{(north-eastern Africa); synonyms Rhinoceres simus

Diceros simus, Rhinoceros oswelli, Ceratorhinus

gious ,

rl.\‘—:‘
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¥erpacular: English~--white rhinoseros, squnre—lipged
rhinoceros, square-mouthed rhinoceres, Burchell's
thinoceros; French--le rhinocercs blanc; German--
Breitmaulnashorn; Dutch--witte neushorn; Afrikaans--
wit renoster, platbek renocster; Zulu--mkhombe, mkava;

Sindebele~-okofo, mhofu; Tswana--tshukuru,

C. DISTRIBUTION AND RECENT HISTORY
1, Distribution of the norrhern population

The range of the northern aubspecies C, 8, cottoni

was historically reatricted to the west bank of the

upper Nile River (Hellér, 1913; Lang, 1920; Harper, 1945;
Sidney, 1965). The distribution extended from the Ora
River just north of Lake Albert in the West Nile District
of Uganda nerthwards for some 4B0 km to the viéinity of
Shambe in the Sudan. Inland it encompassed the Bahr-el-
Ghazal and Equatoria provinces of the Sudan, the Uele
district of Zaire (the former Belgisn Congo), and extended
intoe the borders of Tchad and the Ubangul Province of the
Cantral African Republic (see Figure 1), The maximum
east-west extent of the range was about 800 km,

Prom the description of Heller (1913), and



17

FIGURE 1l.: Historic distribution of the white rhinoceras

Pistributional limits of southern population adapted
from Huntley (1566}

Distributional limits of northern population from
- Lang (1%920)

UMFOLOZI

KM GAME RESERVE
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photographs of Lang (1920) and Heppes (1958), the northern
habicat is apparently an open ﬁoodland dominated by trees
of the genus Combretum; ﬁoth Heller and Lang mention the
occurrence of rank tall grass growing over 2 m in height
during the wet season., Within this geographic range, the
species was not evenly diatributed, but tended to occur

in certain local pockﬁts (Roosevelt, 1910).

In more recent times, the northern white rhinoceros
has suffered from the pelitical inatability of this region,
which extends across the borders of three states, A
population of about 1000 individuals occurred in the
Garamba National Park in the former Belgian Congo in 1963,
but xebels overran the area and fewer than 100 animals
survive there (Fisher et al,, 1969), In Uganda it hes
proved imposaible to protect the species from poaching
in its original West Nile range. Only about 60 individuals
persisted there in 1965, while a further twelve were
transferred to the Murchison Falls Mational Park on the
east bank of the Nile (Foster, 1967). 1In the Sudan, as
many as 1000 individuals may still exist (Schomber, 1963,
1966), but there i{s no information on the current

aituation, A few white rhinos have apparently
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recolonined the northern Ubangul Province of the Central

Africen Republic (Fisher et al., 1969).

2, Ristoric distribution of the scuthern population

When first encountered by the early white explorers,
the white rhinoceros occurred over much of southern Africa,
from the Orange and Vaal Rivers in the south to the
Zambezi River in the north (Fig, l)(Heller, 1913; Player
and Feely, 1960; Bigalke, 1963; Huntley, 1965).

Burchell first discovered the specliea about 500 km
nprth of the Orange River. Tha Boer Trekkers in 1836
apparently first met i.s Just north of the Vaal River in
the southern Transvaal (Selous, 1899), Harris (1839) on
a journsy north-eastwards from Kuruman first sacountered
the white rhino near the headwaters of the Marico River,
in the Magaliesberg district of the western Transvaal.
However, partially fossilized skulls have bheen found
south of the Vaal River near Kroonstad and Fauresmith in
the Orange Free State, and in the Kimberley distrier of
the northern Cape (Bigalke, 1963), In the scuth-east,
Baldwin firasr met white rhinos in Zululand between the

White and the Black Umfolozl Rivers, within the beundaries
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of the present Umfolozi Game Rerserye (Baldwin, 1855, re-
ported in Player and Feely, 1960), Baldwin (1863) also
reports shooting a white rhino cow near Lake St, Lucia in
southern Yongaland. Further north, it occurred in Gaza-
land in western Mocambique (Selous, 1899), Kirby (1899)
did not encounter it north of the Zambezi River in
Mocambique. In the west, it was first encountered by
Galton and Andersson during their journey westwards from
Walvis Bay in 1851 about 100 km west of Ghanzi in western
Botawana {Galton, 1889), Andersaon *1861) mentions eating
rhinoceros hump on a subsequent expedition in the vicinity
of Omuramba Omatako to the south-east of the Erosha Pan,
in present day South-Vest Africa, According to Castell-
Ruedenhausen (1966), the white rhincceroa occurred in
South Weat Africa as far south as Rehoboth and Swartrand
in 1836 (reported in MHuntley, 1966), Horna of the specles
have been found {n the sande of the Omaruru and lower Ugab
Rivers, and from near Usakos (Zukowsky, 1924), and the
local Bama Hottentots have & name for it (Shortridge,
1934). It formerly occurred con both sides of the Okavango
River, extending northwards a short way into south-

eaatern Angola at Lujana (Schultz and Hammer, 1877,
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quoted in Huntley, 1966).

Tha white rhinoceros seems to have been particularly
abundant from the vicinity of Lake Ngaml in cencral Bots-
wana eastwards to the Magaliesberg diatrict of the western
Transvaal, and northlwarda to the Chobe River in Botswana
(Andersaon, 1856; Livingstone, 1857; Baines, 1864; Selous,
189%). Harris (183Ba) reports that he himself sew 80
vhite rhinos during a day'’s march in the Magaliesberg
district, and that Sir Andrew Smith here encountered be-
tween 100 and 150 rhinocercsea, at least half of which
belonged to the white.species, in a day's journey with
wagons, It was also abundant in parts of Rhodesia, though
Selous (1908) considers that it was never quite as numerous
. there as in Rotawana. Favoured areas mentioned by Selous
include the Dett Valley to the cast of the present Wankie
National Park; in the vicinity of Bulaways; between the
Gwelo and Umniati Rivers; to the wesat of the Gwaal River,
south of the Zambez!; and in northwestern Mashonaland
between the Sebalwe and Manyani Rivers,

This broad geographic range corresponds with the
mora arid types of wooded grassiand which are termed

bushveld by Acocksa (1953), The species spparently never



occurred on the temparate graﬁsiands of the Transvaal
Highveld, nor did it extend southwards into the moiat
grasslands of Naral, Selous (1899) reports that it was
partial to broad grasay valleys ;nd open woodlands having
a4 good grass cover, Kirby (1920) suggesta that in Zululand
it was "more a bush-loving animal than elsewhere.” Both
Selous and Rirby indicate that the white rhinoceros was
always rather localised {n its occurrence within the

geographic range,

3, The distribution gap

Fossil remains of C, simum oceur at Olduval Gorge in
Tanzania from upper Bed II to Bed IV, which date back to
the mid-Plelstocene 0,5-1 = years B.P, (Leakey, 1965),

' However, teeth reported from Kenya by Hooijer and Patter-
son (1972, in appendix) auggest that the specles may have
persisted in EBaat Africe into the Quarternary. In South
Africa, €, simum 48 represented in Pleistocene deposits

in several localities (Cooke 1950; Hooljer 1958; Hooijer
and Singer 1960), Historically, however, there are no

recofds of the species having occurred in central or East

Africa between the Zambezi River and north of Lake Albert,
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& distance of about 2000 km, Evidently, the apecles dis-
appeared from Kenya and Tanzania scme time during the later
Plaistocenn.

Simi}lr though less extreme distribution gaps occuf
batween the southern African and eastern African popula-
tions of oryx (Oryx gazella), gazellea (Antidorcas
meroupialis end Gazella thomsoni) and dikdik (Hadoqua
kizkit); all of which are arid country inhabitants,
Wildebeent (Connochaetes taurinus) and girvaffe (Griaffa
¢amelopardalis) are absent from the Brachystegia woodlands

of southern Tanzania and Zambia, 1In correlation with the
Ice Ages which occurred fn northern latitudes during the
course of the Pleistocene, Africa experienced periods of
greater and lesser rainfall, ﬁhich resulted in expansions
" and comtractions in the extent of forest zones (Moreau
1963, 1966), Moreau suggests that during the height of
the last (WlUrm-Wisconsin) glaciation, montane forest
conditions extended in a continucus block from the Cape
and Angola through East Africa to Ethiopia, and that such
conditions probably persisted over most of East Africa
until 12,000 years ago or later, Arid conditions pre~-

valled between 75,000 and 52,000 years B.F,, and again
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12,000 years ago, when Kalahari sands extended far into
the Congo basin, During these dry periods the miombo
(Brachystegia-Julbernardia) woodlands were probably much
fragmented in central Africa,

Since the white rhinoceros seems dependent on more
arid forms of grassland, pluvial conditions would have
rendered most of eastern and central Africa unsuitable for
it, However, present habitat conditions over much of East
Africa seem favourable, & significant feature of the
historic distribution seems to be the limitation by rivers.
While the black rhinocercs is able to swim (Roth, 1969),
the white rhinoceros, with its heavy, low-slung head, would
have more difficulty doing so, Thus river barriers may
have prevented its recolonization of the east African
region after one of the pluvial periods,

In the Sahara region, extreme desert conditions have
probably developed only over the last 5,000 years. Rock
engravings in Algeria (Lang, 1923; Peringuey, 1906) in-
dicate that white rhino may have occurred in North Africa

as recently as 5,000-10,000 years ago,
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5, southern Africa during the late Nineteenth
Century

By the middle of the nineteenth century the white
rhinoceros had disappeared from the Kuruman district where
Burchall had first encountered it (Smith 1869); this was
attributed to the introduction of firearms among the local
Tswana people. However, from the accounts of Gordon-
Cutming (1850) and Andersson (1856), it remained ;till
abundant then in the present day Botswana, Selous (1899)
reported that by the time of his firat visit to southern
Africa in 1871, the range of the white rhinoceros had been
very mich reduced in Botawana, but that it was still
abundant then in what is now Rhodesia, This he ascribed
to the exploits of white hunters, since up until that
time the native people possessed very few firearms
(Selous, 1908), He reports that messrs, Oswell and
Yardon killed 89 rhinoa during one short hunting trip in
1848, most of which probably consisted of the white
specles, Andersson (1856) accounted for 60 rhinos during
his trip to Lske Ngami between 1850 and 1854, Selous
(1881) reported white rhinos still fairly plentiful aleng

the Chobe River in northern Botswana in 1874, but in 1877



he could find the tracks of only two, and in 1879 the
local bushman people asid that there were none left, In
1880 following the declining availability of.ivary, rhino~
ceros hom increased greatly in value. It was sald to be |
used for carving knife handles and ornamenta; there is no
mention of any Chinese aphrosidiac trade, thoygh this may
have had an influence, Selous (1899) reports that one
tradar alone supplied 400 Matabele hunters with guns and
amunition, and that his store between 1880 and 1884 at
times contained the remains of 100 rhinocercses,

By 1885 only a small pocket of white rhincs remained
in north-eastern Mashonaland, Coryndon and a companion
ahot four here in 1890, and Coryndon {1894} prophesied
that "Long before the close of the Nineteenth century, the
whita rhinoceres will have vanished from the face of the
earth” (the rumoured existence of a northern population
was then unsubstantiated). Museums made sudden haste to
secure aspecimens, and Eyre collected the last recorded
Rhodasian white rhinoceros in 1895 (but see below). The
last Transvaal record i5 of a cow and calf seen in 1895
by Rirby in the Matishiri bush of the present day Kruger

National Park (Kirby, 1898),
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In 1894 a amall pocket of white rhinos was found to
bo still in existence near the Umfolozi River in Zululand,
and six were then shot (Selous, 1899). In 1897 this
population was encompassed within the Umfolozl Game Re-
sarve, Supposedly only ten or eleven individuals survived
{Lang, 1924; Sidney, 1966}, &n additional remnant per-
sisred without cutside knowledge until the 1930's in the
Huanetsi area of Rhodesia and adjacent parts of Mocambique
{Shortridge, 1934; Harper, 1945; Sidney, 1966). Repeated
suggesations that the species still survives in the Racko-
veld of South-West Africa {e.g, Barnard, 1952) are without
foundation (G, Owen-Smith, 1971). Gugglsberg (1966)
reports rumours that it still occurs in Angola, but con-
firmation has not been forthcoming.

Thus, within the course of about 60 years, the
southern white rhinoceros was reduced from an abundant and
widespread apecies, to small relict populations of unknowm
size in Zululand and in Mocambique,

The reasons for this rapid decline are not hard to
find, The white rhinoceros was valued for its horns and
tough hide (4ndersson, 1856); and its meat was highly

regarded by the early huntera, both for its agreeable



28

flavour and abundance of far, Seloua (1899) considered
the flesh to be nuberior to that of any other game animal
in southern Africa, and this opinion was shared by many
others (e.g. Galton, 1889), The cervical hunmp of the -
white rhino was a particular delicacy, being merely in-
verted cver the cooking fire without the need for a vessel.
The meat of the black rhinocercs, in contrast, was reported
to have a slightly bittef taste and be far less attractive,
The white rhinoceros was conspicucus, incffensive, and
wasily approachable, By waiting at a watering place in
tha dry season, it was possible to come into contact with
moat of the rhinoceroses in the surrounding districe;
Selous (1908) states that he could easily have killed 100
rhinos of each species in a seascn by this method,

Selous (1881) reports that native hunters seldom
passed by a thinoceros without attacking it--but thig was
after guns had been acquired, The animals would have
been more difficult to kill by a primitive hunter armed
only with 2 spear or bow and arrow, and, judging by their
abundance, the animals were apparently not hunted to any
great extent by the native peoples before thé advent of

firearms, Harris (1839) however records the use of pits
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L)

to capture rhinoceroses by the Tswana people living near
the headwaters of the Marico River, The Bantu tribes, who
spread through moat of the area south of the Limpopo River
only during the Fifteenth or Sixteenth Century, were mostly
dependent on their herds of cattle for sustenance, and
tharefora did not necd to devote much effort to hunting,
The earlier Bushman inhabitanta depicted rhinoceroses in
their rock art in Rhodesia, South-West Africa, and in the
eastern Cape Province, Theilr effect as hunters fs dif-
ficult to gauge; but it would seem that, with their small
bands, the extra meat provided by a white rhinoceros would
partly be wasted, and thus would not adequately justify
the axtra effort required to bring down one of these
thick-akinned animals with their primi{tive wespons,

Though the Tswana and Sindebele people evidently ate
the meat, the 2ulus do not regard the flesh of the white
rhinoceros as edible (Foster, 1960). To thia face, to-
gather with the prevalence of taetse flies in the region,
may be attributed continued survival of the species in

Zululand,

-5, Twentieth Century recovery
The Twentieth Century history of the white rhinoceros
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is intimately tied up with the history of the Umfolozi Game
Reserva and surrounding parts of Zululand (see Player and
Feely, 1960; Jobn Vincent, 1969 and 1970),

As proclaimed fn 1897, the Umfolozi Game Reserve
consisted of a wedge-shaped section of land situated between
the Black and the White Umfolozl Rivers, encompassing an
area of 250 km?. In 1911 Mr, F, Vaughan-~-Kirby was ap-
pointed as the first Game Conservator for Zululand, In
1922, his estimate was that only about 20 white rhinos
remained, However, it scems that this was a deliberate
underestimate, intended to arouse atronger support for
their protection, The first count was made by Lang in
1929, when 120 white rhinos were recorded within the game
reserve, plus an estimsted 30 on surrounding lands, In
1932 and 1936, two ground counts made by the veterinary
authorities recorded 220 and 226 animals respeetively,
However, these were made during, snd shortly after, a
very severe drought, in which over 100 white rhinos are
said to have died (Player and Feely, 1960). It thus
seems likely that the 1920 population numbered at least
150-200 individuals, Tt is from this nucleus that all
existing representativea of the southern race have been

derived,
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Bocause of the prevalence in the area of the tsetse
fly, vector of the trypancsome parasites which cause the
cattle disease nagana, control of Umfolozi Game Reserve
remained in the hands of the Division of Veterinary Ser-
vices from 1932 to 1952, From 1942 to 1950 a campaign
was undertaken to exterminate all potential hoats for the
fly, except for the two rhinoceros species, This succeeded
in eliminating most of the conspicuous large mammals from
tha reserve, except for scme dulker, bushbuck and bushpig.
Batween 1948 and 1950 a two mile wide strip along the
western and southern boundaries of the reserve was cleared
of all woody vegetation, This measure wﬁs intended to
contain the tsetge fly within the game reserve, by eliminac~
ing shade for resting. From 1947 to 1951, aerial spraying
with insecticides, iniefally DDT and later BHC, wan
carried cut, This operation finally eliminated the
tsetae fly from the area.

In 1952, the Natal Parks Board assumed control of
Uofolozi Game Reserve, An aerial count in 1953 revealed
a total of 437 white rhinos, The first tourists were
admitted {n 1958, In 1962, additional land was added in

the south and west, to bring the total geme reserve area
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up to 480 km?, Fencing along tl;e new boundaries commenced
jrmediately, and was completed in 1965. This fence consista
of five strands of heavy duty 1ift cable supported by heavy
wooden posts, and is effactively thino-proof.

Tha 1960 aerial count yielded a total of 705 white
rhincs tha Umfolozi Game Reserve and surrounding areas,
Concerned by tée dangers asaociated with the increasing
population in a limited area, the Natal Parks Board in
1951 instituted a progrem of live capture and translocation
of surplus animals to other areaa.. This "Operation Rhino'
has been described by Player (1967 and 1972). Initially
attention was concentrated on removing those animals whiceh
had been fenced off outside the boundaries of the reserve,
but since 1969 most of the animals have been taken from
within the game reserve. Up to October, 1970, a total of
730 white rhinos had begn removed, A helicopter count
carried out in August, 1970 vevealed that at leasst 1764
white rhinos still remained,

As a result of the translocation program, white fhino
populations have now been re-established in several parts
of the former range, Significant populations now exiat

in the Rruger National Park (estimated 157 animals,
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Plenaar, 1970); Maputa Game Reserve in southern Mocambique
(73 animals introduced); Malamala Game Reserve in the
eastern Transvaal (43 animals); Wankie National Park,
Rhodesia (35 animals); Gorongoza National Park, Mocambigue
(12 animala by October, 1370, with more being added);
Ndumu -ame Reserve, Zululand (13 individuals); and Mkuzi
Game Reserve, Zululand (& individuals), Six animals were
also transferred from Zululand to the Meru Game Reserve
in Renya, In addition, the criginal Umfolozi population
has expand;d its range north-eastwards through the State
Land known as the Corridor into the nearby Kluhluwe Game

Raserve,



II.THE STUDY

A, METHODS
1. Duxation and selection of study areas

I commenced work in the Umfolozi Game Reserve on
1 January 1966, After initial exploration, an area for
intenaive study was selected in the vicinity of the Madlozi
game guard camp, near the western boundary of the reserve.
There was a good white rhino population in the area, and
observation conditions were favoursble. I cormmenced ob-
servations here on 12 February 1966, and continued them
until 10 July 1956,

On 18 November 1968, I resumed field observations in
the Unfolozl reserve, and extended them through to 5 Sep-
tember 1971 without interruption, The limits of the
Madloz! study area were extended northwards to include
the large aumbers of rhinca which grazed the bush-cleared
zong below the Zintunzini Hills., In addition I added four
comparative study areas. These were selected on the basis
of anticipated differences in white rhino population
density, and in dispersal opportunities: (i) the Ngutsheni

study area near the north-west corner of the reserve was

3
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chosen 23 a second high denaity area, which disperasal out-
wards checked both by the boundary f_enee to tF‘le west and
tha Black Umfolozi River on the north; (ii) the Gqoyini
study arca was selected as a fairly high density area,
centrally situsted so that free diapersal was possible in
all directions; (i1i1i) the Dengezi study area was located
in the eastern part of the reserve where white rhino
densiriea were lower than those in the wesat; (iv) the
Hluhluwe North study area was on the extreme northern limit
of tha range and had only relatively recently been colon-
iged by white rhinos (colonisation took place only after
about 1965), ‘

The locatfions of these study areas are shown in Fig.
2. My caravan base camp was established centrally in each,
and their extent was determined by tﬁe grea that could
adaquately be covered working outwards on foot, This
ugually included the nearest four to five male ter-
ritories, encompassing an erea of 5-8 km®, At Madlozi
there was a central core of intensive coverage of about
8 im? extent, but I worked outwards from here following
the movements of the rhinoa which were regular visitors
to the central area. The total area covered with some

regularity at Madlozi was about 30 kmz, but no fixed
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boundariea were assigned. _

Prom November 1968 to May 1969, I spent about a month
surveying the rhino populations in each of the atudy areas,
Thereafter, cbservations were concentrated at Madlozi, and
only briaf further visits were made ta other astudy areas
at intervala to fill in informaction and check on changes,

The total pericd spent in field work was thus 1 1/2
years but, because of the interruption, the total time
apan encompassed by observations is almost 5 3/4 years,
During this time I was able to devote my full attention to
the study, and about 2,500-3,000 hours was spent in direct

obaervation of white rhinos,

2, General technigques

Observations were carried our mostly on foot, using
a palr of & X 30 Bushnell binoculars, and recording by
means of notebook and pencil. This gave great freedom to
move around with the animals, On account of their poor
viaion, the rhinos usually remnined completely unaware
of the presence of the cbserver, provided care was taken
not to move while In direct view of the animals and to

renain dowmwind., The usual cbservation range was about
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75 metres, but under favourable circumstances could be 30
natres or less, If, through an unanticipated change in
their direction of movement, or an erratic breeze eddy,

or through the alarm of assoclated oxpeckers or other
ungulates, rhinos detected my presence, they reacted
immediately, either running away, or standing shuffling
about alert for about thirty minutes before resuming normal
Hctivigiaa.

Vehicular travel off the roads is generally not per-
mitted in the resexrve because of the damage it causes to
vegetation, Rhinos reacted uneasily cto the presence of a
vehicle at the ranges which would be necessary to secure
a4 clear view in the wooded habitat.

Observation patrols were basically of two types,
Bither (1) a general tour was made through an area to
survey tho variocus individuals present; or (ii1) a par-
ticular animal or group was selected and followed
continyously in its movements for periods varying between
& few hours and all day. Standard information recorded
included the locatlon of the animals; their age and sex
categories; a description lgading to individual iden-

tification; and ongoing activities in relation to time

»
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of day and weather, Particular attention was paid to
interactions occurring between animals,

Locationa were described relative to landmarks such
as watercourses, ridgecrests, road{ and vegetational
features, and transcribed each evening onta 1:18,000
nimeographed maps of the study arcas, Topographic sec-
tional maps at this scale exist for Umfolozi Game Reserve,
in addition to sheets in the Government 1;50,000 series,
hccurate location was facilitated by four times blow-ups
of the corresponding aerial photographa, which revealed
vegetational features in detafl, Accuracy of location ia
believed to be within + 80 m at most, but usually should
be conaiderably better than this,

Night observations were undertaken over full moen
periods, totalling about 75 observation hours, Additionally
30 nights were spent sitting at waterholes, During the
last aix months of the atudy, night observations were
facilitated by the availability of a Starlite Image Inten-
gifier Scope.

Notebook and pencil recording were supplemented by
still photography, using a Leica M3 camera generally with

135 mm lenas, Magnetic tape recordings of sounds were made
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using an Uher 4000 Report S recorder with Uher and later
SKV microphones, Towards the end of the atudy, 7,500 feet
of 15 mm movie film was taken, using a Doiflex camera

equipped with Angenieux 12-240 mn zoom lena.

3. Jden cat;o- of individuals

Artificial marking was generally not necessary, Since
considerable variation in horn shape occura among in-
dividual rhinocceroses, The anterior horn may be relatively
long or short, curved or atraight, upright or projecting
forwarda to varying degrees, The posterior horn ténda to
be worn into an even greater variety of distinctive shapes.
Ear tears and other Scars are less commonly present then
is the case for the black rhinoceros, but can be in-
dividually characteristic. Such features enabled me to
distinguish individually all of the adults and some of
the lmmature animals encountered in each of the study
areas, Initially I eatimated horn lengths in relation to
the length of the cars, and sketched horn shapes. With
time a photographic file of pertraits was compiled in-
cluding all regularly encountered individuals,

Forty-five individuals were marked with identifying
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eartags. These consisted mainly of {cmature animals, which
lacked diatinctive horns and were otherwise difficult to
identify. Ten anirsals were tagged in 1966 at Madlozi, and
during the course'of 1969 a further 23 individuals were
marked at Madlozi and 12 at Nqutshent, The tags used
initially consisted of a plastic "Jumbo Rotortag,” to- _
gather with ﬁ strip of woven nylon ribbon ("Sterkolite")
knotted through a hole in the ear, Because of poor re-
tention, these were replaced In 1969 by paired discs of
coloured "Sterkolite'" held in place by a nylen cord in-
serted through a hole made in the ear, and knotted at each
end (Plate 1).

Most of the earlier taga tended to be lost after a
few months, though identifying slits still remained in
the ears, Experience showed that this was not related so
much to the type of tag, as to the position of placecent
on the ear. Tags inserted through the softer proximate
lateral edge of the ear were usually logt, Seeningly thia
part of the ear was more susceptible to tearing, aided
sometimes by infection and necreosis, Tags placed close
to the centre of the pinna exhibited the best retention;

with four out of six remaining for over a year, The
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longeat lasting tag was still in place after 2 1/2 years,
but had become frayed and less conspicuous; several others
also still remained on animala at the conclusion of the
study,

Including calves, which were identifiable by associ-
ation with thair mothers, 314 different individuals were
recorded from the Madlozi study area and environa, Of
these, 135 were sufficientiy well knosm to be instant-
anecualy recognisable when seen, During a month spent in
each of tha other areas, 145 different Individuals were
recorded at Nqutdheni; 108 at Gqoyini, 75 at Dengezi, and
35 at Hluhluwe North, The sum total of individuals
identified in the study arcas is thus 677, representing

about one third of the estimated total population.

4. Radio telcmetry

Radio telemetry was introduced in 1970 primarily to
provide i{nformation on the extent of movement of adule
females and subadults, The transmitters consisted of
crystal controlled pulsed oacillators operating at a
wvave~length of 3.55 m mounted in a cylindrical casing.

These were placed into a cavity drilled into the posterior
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horn of the rhino, and & groove was drilled around the horn
to accomodate the loop antenna (Flate lb). The assembly
was then covered over with fibre glass and epoxy resin,
The portable receiving set had crystal controlled channels
tuned to each transmitter frequency. It included bufilt-in
teleacoping dipole and half-Yagl antennas to enable animals
to be tracked down for direct observation. For long range
bearings, a large portable double Yagil antenna was used,
This was transported to fixed recelving stations established
on the alopas or crests of suitably situated hills., It
allowed a directional precision of + 1/2-1 1/2°, at ranges
of up to asbout 6§ km. There was an unavoidable time delay
of about Jd minutes between Ssuccessive bearings from dif-
ferent hills; but locations were carried out at times when
the animals were unlikely to be on the move, 80 that errors
from thia source were unlikely to be of major consequence,
Any unususl locaticns for a particular individual were
investigated further, The equipment was designed and
supplied by the South African CSIR, and has been described
in pore detall by Anderscn and De Moor (1971), /nderson
(1972}, and Anderson and Hitchins (1971),

Ten functioning transmitters were placed on seven
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adulc females and three subadults, while a further two
placed on cows falled to operate, The first four trans-
mitters were inserted between March and June, 1470, and the
vemaining six in August. The large Yagi antenna only be-
ceme available in late August, and before then it was
possible to locate only one or two individuals in a day,
Theee radio-tracking runs each covering ten consecutive
days were carried out between late August and early
October, Thereafter locations were only irregularly made
until March, 1971, when another ten day run was carried
out. By then only three transmitters atill functfoned,
One transmitter operated for 12 1/2 months, the remainder
for shorter periods,

Purther information on the performance and use of
the radic telemetry equipment can be found in Owen-Smith

(1972) and Hitehins (1972).

5. The "Territory Occupancy Index'

-

Calculation of local population densities was based
on the knowledge that white rhino territorial bulls were
always present somewhere within the limits of their in-

dividual territories. Thus, for a set of incomplete
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randomly located censuses of a particular territory, the
ratio of the number of sightings of any particular individual
to the number of times that the terrirorial bull was seen,

is m estimate of the frequency of occurrence‘of that in-
dividual within the territory. If Ny = number of sightings
of individual x, and K, = number of sightings of the ter-
ritorial bull, then

Territory Occupancy Index for x = Nx

'Nt

for that particular territory. This assumes that both the
individual x and the territorial bull are equally likely
to be secen when present, Random patrols counteract any
bias reaulting from tendencies by individual rhines to
fayour different parts of the territory,

Similarly, for any class of individuals m, the

average population present within a particular territory

]

may be estimated by the ratio a_, where Hm = the total
Nt

mmber of individuals of class m recorded in a Bimilar

set of random patrols,

Pepulation density is obtained by dividing by the
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areal extent of the territory, Accuracy is strongly de-
pendent upon knowledge of this, The local population
density for an area including a set of territories may be
calculated by summing the denaities for the individual
tarritories,

The calculations are analagous to those in the mark/
recapture or 'Lincoln Index" method for estimation of
population density., The territorial bull serves as a single
marked individnal whose presence within the fixed limits
of the territory is always known,

Routine patrol tourz avoided any set routes, and
thus approximated the required conditions of randouness,.
The "Territory Occupancy Index" will be used to calculate
(1) relative frequencles of occurrence of certain in-
dividuals within particular territories; (i1) average
local population densities of particular age/sex clasaes
of rhinoa; (1i1) with suitable corrections for differing
"sightability," the local population densities of other

ungulates within the study areas,
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white rhinos population is concentrated, and where I
carried cut most of my obaervations, Information is

based particularly on the work aof Downing (1972).

2. Climate

Climatically the region is characterized by hot wet
sumers and alld dry winters, The average annual rainfall
massured at Mpila camp in UGR is 635 mm, based on records
dating back to 1959 (Downing, 1972); that at Hilltop camp
in AGR 1ia about 250 mm more. The winter drought ia
normally broken in September, and during the spring months
of October, November and early December, precipitation
occuras mainly in the form of soft raln spread over several
congecutive days. During late surmer (January to March),
haavy afterncon thunderstorams are usual, The dry season
normally sets in in 4pril or May, though late rains may
occur, The winter period is characterised by a succession
of clear sunny days. The Umfolozi reserve forms a dry
enclave surrounded on all sides by higher rainfall areas,

The mean daily maximum temperatures recorded at Mpila
camp are 32,6°C for January, and 25.3°C for July; cor-
rgsponding mean daily minima are 21,8°C and 13,2°C
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raspactively. The abaclufe maximum temperature recorded
at Mpila 18 43.39C, and the absolute minimum 6.7°C.
Downing reports that maximum temperatures at Thobothi, in
tha weatern section of éhe reserve, were usually about 3°C
higher than those at the higher elevation of Mpila, and
minima sbout 3°C lower. I perscnally recorded a higheat
scteen temperature of 44,0°C in October, 1969, and a low
of 5.5°C in July 1970, Frost occurs coccaalonally in the
low lying river valleys.

Rain bearing winds are mainly southerly, and the
prevailing fine weather breeze is northerly. Warm, drying
northerly or westerly winds are not infrequent during
August, Relative humidities are tempered a little by the
inland situation of the resexve,

Rainfall patterns vary considerably from year to year,
and this influences the conditions prevailing during any
limited atudy period, Rainfall patterns durlng the study
perlod are presented in Figure 3, in comparison with
average monthly rainfall. The year 1966 was one of very
good mid-summer rains, producing a growth of grass which
was said to be the beat seen for many years, However,

the winter drought set in relatively early. The seasons
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FIGURE 3. Rainfall patterns during the study vears recorded
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of 1967 and 1968 during.uy abgence, were bad drought
years, The study years 1968 to 1971 were characterised by
sumner droughts and late rains. The dryest conditions
during the whole of the study period prevailed in January,
1970, but this is not evident in the monthly rainfall data
a3 heavy raln fell on the last two day§ of the month,
January and Pebruary of 1969 were unusually hot, with —
periods of several days in succesaion during which max;mum
temperatures ranged between 37°C and 42°C, Total annual
rainfalls were close to average, but their erratic pattern
had a considerable influence on grass growth, Ample rain
fell too late in the season to bring the grass on to full
hoight in the summers of both 1968-69 and 1969-70, How-

ever, in consequence, the winter droughts were shorter

than uaual,

3. Geology and poils
Unfolozi Game Reserve is underlaid mainly by alter-

nating Ecca sandstones and shales, Dwyka tillite occurs
near the surface {in a few places, notably on the western
slopes of the Madlozi valley, and there are localised

exposures of Table Mountain sandatone near the two
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Unfolozi rivers. Localiséd.to fairly extensive dykes and
gills of dolerite also occur. In Hluhluwe Grove Reserve
and the Corridor, Table Mountain sandstone, in placesa
'\Balemnt granite, commonly occur at or near surface level,

Soils derived from Ecca sandstones and shales ty-
pically vary between sandy and clayey loams. Soils are
ahallow (about 50 cm deep) on watershed ridges, while
tranaported soils in valley bottoms may be up to 10 m
deap. Frequently a relatively impervious calcareous sub-
soil layer is present. Localised patches of fairly loose
sandy Boils occur where sandatone lies at the surface.
Dolerite derived soils are clayey and very sticky when
wet, but allow a good water infiltration, Soils on slopes
and valley bottoms are of medium to good fertility,

An Important factor in soll formation is the Lnfluence
of termitaria, which usually oceur as low mounds raised
only slightly above general ground level, 4 large pro-
poreion of the soil surface on ridgecrests may be under-
laid by active or abandoned termite workings, resulting

in a hard, relatively impervious surface layer,
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4. Ta aph

The terrain of UGR 1s mostly gently undulating, with
localised higher hills or hill systems based on sandstone
or-dalerite formations, Elovation varica from 45 m at
tha confluence of the two rivers to 579 m at the highest

point of the Zintunzini Ranga on the western boundary.

Other notable hills include Ngolothi (429 m), Mbulunga
(339 m), Mpila (344 m) and Mduba (355 m). Hill systems
occur along the southern and western boundarles of UGR,
while on the north it is bounded by the Black Umfolozi
River, The Mpila range partly cuts off the eastem triangle
from the remainder of the between rivera section further
west, |

The Corridor is mostly hilly with breadly rolling _
slopes, while HGR is more steeply undulating with clevations
varying from 80 m beside the Hluhluwe River to 540 m at

Mpansikazi Hill, Seme Hill, on the western boundary of

the Corridor, rises to a height of 586 m, and is the

highest point in the Complex,

5. Wager Resgurces
The Black Umfoloz{ River 18 a perennial but, in common

with mmy other South African rivers, deteriorating soil
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erosion éonditions in the catchment are reaulting in more
violent summer floods and reduced winter flow, The ex-
captionally severe flood of July 1963 dcposited large
smounts of silt, markedly altering the former fairly deep,
swift flowing and rocky nature of the river, 1In conse-
quence the river is now eesily fordable by animals for a
muxch longer period of the year, a factor of significance
in relation to 2nimal covements between the Corridor and
UGR, During the winter of 1970, surface flow ccased for
the first time on record,

The White Unfolozi had typlcally been a relatively
clear meandering river with a wide sandy bed, but now
floods with brown omrky water regularly during the summer.
While surface flow formerly persisted through most winters,
nowadays only scattoered pocls remain along its course
during the dry seanon,

Between the two rivers there are only temporary
watercourses which carry flowing water for a few hours,
or at moat a few days, after heavy rain., Small permanent
springas occur in the Nyonikazane (a tributary of the
Madlozi Stream), Thobothi and Ntshiyana streams in the

west, on the slopes of Ngolothi Hill, and at several




56

sites to the south of the White Umfolozi River, However,
only the Nyonikazane produces any extensive flow, for a
distance of about 100 m. A small spring on the upper
Madlozi Stresm which produced a steady flow in 1966 had
entirely dried up by the winter of 1971, Springs are sgaid
to have been more numerous in the past, However, no part
of UGR 18 more then 8 kr from one of the two perennial
rivers, The water from all springs is reportedly fairly
"brack" or saline.

Huserous animal formed depressions (or “pans') carry
water for varying periods into the dry season, At
Gqoyini, a met of pans has been artificially supplied
with water by pumping through the dry seascns of most
years, A tourlst observation hide was constructed here
in 1970, Smell semi-permanent lakes occur at Mgqizweni
and at Dadethu, but beceuse of thelr proximity to the
White Umfoloxzl River are not particularly significant as
water aources.

In the Corridor there are several permanently £low-
ing streams, while the Hluhluwe River and several of its

tributaries are perennial,.
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6, VYegetation

Most of the areca of UGR is covered by a wooded grass-
land or savanna, with low trees predominently of the genus
Acacis, It f£alls within the unit "Woodland and Savanna--
Undifferentieted Relatively Dry Type" of Keay (1959), and
within the categories "Zululand Thoranveld" and “"Tropical
Lowveld Savanna' of Acocks (1953),

In tha Corridor several of the larger hills are
covered by open grassland, Much of HGR ig characterised
by grassy hills with small pockets of coeatal forest on
the wetter south-east facing slopes, The lower mouth

western part of the reserve however has Acacias woodland,

similar to that occurring in UGR,
The vagetation of UGR hasa been analysed by Downing
(1972), and the following account is derived largely on

his deacription, unless otherwise atated.

{a) Yoody vegetation

Downing (1972) distinguished nine wocdland communities,
designated by their characteristic tree species:- -
(1) Acacia tortilis community: widespread on shallow well-

drained asolls, usually on ridgecrests; forms an open
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savanna with tree spacing varylng from 20 to 100 m and
avarage tree helght of 5-6 m; in addition to A, tortilis
with its characteristic gpreading flat-topped crown, other
common trees include A, gerrardii, A, karoo, Scletocarya
caffea, and Zizyphus mucronata; shrubs are sparsely present.
(14) Acacia nilotica community: extensive on deeper soilas
overlying shale; tree:spacing highly variable, but tend-
ing to form a parkland, with clusters of trees with crowns
falrly closely spaced aseparated by about 100 m from other
such clusters, with some intervening single trees: tree
heights mostly 5 m or less; tight clumps of taller ever-
grean trees are commonly asaociated with termite mounds;
on heavier soils the 2-3 m high evergreen shrub Buclea
daphnoides may densely fill the spaces between the.trees,
reatricting viaibiliey; commonly associated with A,
nilotica are A, toreilis, A,perrardii, A, senegal, and
2izyphus mueronata; other shrubs include Dichrostachys
cinerea, Maytenus senegalensis and Buclea shimperi,

(1i1) Spjrostachys africana community: grows as a closed
canopy woodland flanking streams and drainage lines;

associated trees include the tall evergreen species

"Schotia brachypetala, Pappea capensis, Oles africana,
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Sideroxylon inerme, and Mimusops africana, and a variety
of shrubs occur, of which Ruclea shimperi{ and Maytenus

genegalensis are most common; average tree height is
8-9 m,
(iv) Acaecia grandicornuts community: a closed woodland

of 7-8 m average height on deep acils of alluvial terraces;

Aa_gragdicornuta predominates; assoclatad with it are

spirostachvg gfricana, Pappea capensis, A, tortilis,
Z&izyohus mucrengta, and the shrubs Acagis luederitzii,

Eucleg undylata, Schotia capitata and Maytgnus senegalensis,
whila spin creepers of tha genus #séaraggg are commen.

(v) Acacia caffra cormuaity: restricted to upland hill
slope areas usually above 270 m iIn elévation, where solls
are shallow and atony; generally an open savanna; A, caffre
growa mostly as a multi-stermed bush rarely exceeding I m
in height; A, nllotica, A, karco, A, gerrardii A, tortilis,
Qzoroa haniculosa, Zizyphus mucronata, Dembaya rotun-
difolia, Scler a caffra, Matenus heterophylla and

Rhus pentheri also occur,
(vi) Acacia burkel community: occurs on sandy soils over-

lying sandatone, usually in localised areas on ridgecrests

A, burkel grows as a fairly tall (about 7 m) spreading
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tree, frequently in clusters; Peltophorum africanum and
Strychnos spp are characteristic species, bui other trees
cormon in the A, tortilis and A, niiottcg communities are
also likely to be present.

{vil) Acacia nigroscens community: charscteristic of the
heavy dolerite derived soils, but only below 145 m; forms
an agpen woodland or savanna with treee usually about 8 m
high; other trees include several of the specles common
to other communitica, but shrubs of the genus Grewla are

typical,

(viii) Combretym ap jculatun cormrmunity: grows as a straggly
open moodland associated with sandstone terraces; Spire-

stachys africana, Zizphus mucronata and several other

common Specles also occur; tree heighe variea between 5
and 8 m,

(ix) Acacia robusta community: occurs on loose alluvial
sands where there is a high water table, as bordering
the two rivers; A, robusta grows as a tall spreading
tree, with A, tortjlis, Spirostachysafricana and Schotia
brachypetala common associates, while an avenue of Ficus
sycamorus up to 16 m high line the banks of the twa

4

rivers; the palm Phoenix reclinata 18 sometimes present,
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Over much of UGR thera i{s a regularly repeated
catenary saquence intergrading from open £, tortilis
favanna on the ridgecrests through more wooded A, pilotica
savenna on tho slopes to Spirostachys woodland alengaide
the drainage lines, Other communities are {interapcrsed
in more localised areas in association with particular
conditions of a?il and, bedrock, While the boundarica of
A. grandicornuta woodland are usually sherp, other com-
munities tend to intergrade, and several tree aspecies are

widely distributed among the communities,

(4) Grass layer
The grasslands through most of UGR are dominated by

the specias Themeda triandra (rooigras or red ocats grass),
which grows as a medium tell, densely tufted graas,
attaining culm heights of 0,7-1,2 m. & mature stand

of rufous swned rooigras undulating in the breeze in late
summer or autumn is a particularly attractive aight. As
it grows in dry thornveld as at Umfolozi, it forms what
{8 known 28 "sweetveld'--a torm 1n'plying that the forage
remaina relatively nutritious for livestock during the

dry season, Themeda triandra has been eliminated from
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the natural grassland over much of South Africa through
ovorgrazing, on account of {ts palatibility for cattle,
Ring grassland corrunities were distinguished by
Downing (1972); their physiognomic cheracteristics are
listed in Table 1:-
{1) Themeda Comrunity: this is the tallest and most lush
grassland, and is confined to the slopes and crests of
higher hills; associated with Thenoeda triandra are other
tall growing apecies, including Cymbopogon marqinatus,
Benicun deustun, Digitaria macroglossa, Diheteropogon

guplectens and Setaria sphacelata, and alao the cornon
shorter growing Bustachys paspaloides;

(i1) Themeda-Panicum Community: forms tho most widespread

and extensive tall grassland generally on clay soils;
invariably associated with Themeds triandra is Panicunm
coloratum, stolonifercus species which ia able to reach
light by trailing over more robust grasses; other cormon
tall grasses include Cymbopogon plurinodis, Digitaria
spp, Panjcum deustum, P, meximum, and medium height
Bustachys paspaloiden and Eragrostiﬁ capensis (Plate 2a);
(1i1) Themeda-Urochloa Compunity: generally kept closely

) cropped, thus presenting the aapect of a short grassland



TARIE 1, Physiognomic ﬁhnEcterlst;cg of mne sragyland comunmities in
- Unafologl Game Ragsrve =~ : '
{frem Downing 1972),

maan nDean maan BaaAn

Gy o R B
(cm) ] 3 4
i. Themeda 78 % 2 13
44, Themeda-Ramicum L 39 30
114, Themeda-Urachloa 45 27 4 b5
iv, RFanlcum coloratum 24 15 25 80
v, Theeeda-Aristids 40 18 9 35
vi, Trichoneurs o 28 b 18
vit, Banown maxizm 50 10 30 L4
vils, Bothriochlos &0 3 18 2
1x, Cynodon L) 2 11 55

Scrudely estimated on basis of deprea of defolistion and extent of
damdatdon
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either interspersed with (ii) or growing over more exten-

sive areas; cormonly asscciated with Thepeda triandra are

four short growing species Urochloa mossambicensis,

Panlcun eoloratum, Digitaris srgvrograpta and Digiraria
Polevansii taller growing Panlcurm paximun and Bothriochloa
inaculptyg are alsjo sometimes present (Flate 2 b);

(iv) Papicum colorstun Community: a sparsely covering
short grassland occurring both on ridgecrests and in
bottomlands; comprised mostly of the stoloniferous or
short tufred species Panicum coloratum, Urochloa mossarm-
bigenais, Sporeobolus smutsii, 6 S, nitens and Tragus
berteronisnus, anth some taller P, maximum;

{v) Thepeda-iristida Community: =2 medium height grassland

occurring on looser sandy soils; commonly assocliated with

Ihepeda triandra are Aristida congeste, Eragrostis
capensis, Panicum coloratun, Hoteropogon econtortis,

Bustachyas paspaloides, P, maximum and Digitaria spp;
(V1) Trichoncurs Community: of limited distribution on

loose sandy soll; it is comprised of both tall and short

spacieh including Trichoneura grandiglumis, Eragrostis

spp, Arjatida congestis, Pogonarthris aquarosa, Sporobolis
‘m;_;_s_, and locally the tall thatching grass




Uyperthelia dissoluta;
{vii) Penlcum magximm Coermnity: occura on heavily grazed
bottomlands in wooded arcas, as a aparse grass cover

associated with many forbs; common specles include

Fanieym maximum, P, deustum, Urochloa mossambicensis and

Enteropogon monostachyos;
(viii) Bothriochlea Community: grows mainly in isolated

patches of medium height grassland; commonly includes

Bothriochloa insculpta, Aristida spp and Panicum maximum;

(ix) Cynodon Corrmnity: forms a lawnlike cover on loose

riverine sands; common speciea include Cynodon dactylon,

Panfcym maximum, Urpchlgs mgssambicensis and Dactyloctenium
gizanteus.

The most imporcant grasslands from the viewpoint of
graxzing ecology are the four claysoil commnities (1)-
(iv), In general (i) and {ii) have the aspect of a tall
grasgland, while (11{) and {iv) present a short lawnlike
cover, A trend is shown from Ii) to {iv) towards de=-
ereasing occurrence of Themeda tiandra, and increasing
representation of shorter grawing apecies, correlated with
increasing grazing pressure, In the field, 1 separated

thessa grasslands physiognomically either as tall
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grassland { (i) and (1) 5 of short grassland ( (ii1)
and (iv) ). Community (v) wes referred te as the sandy
soil commumity, and (vil) as woodland grassland; (vi},
(vili) end (ix) were of limited occurrence in the study
areas,

The detailed cocposition §£ grasslands cccurring in
the bush cleared zone at Madlozl was sampled by the wheel;
point method of Tidmarsh and Havenga (1954) for conmparison
with grazing records, Points falling within the typical
rhasa of a grassland type were separated from those
£alling within localised subecommunities of too limited
@xtent to be mapped separately (e.g. termitarium sites,
tree ceanopies, ete,). Hillslope Themeds grassland nay
be referred to Downings' cormmunity (1), and tall Theneda
grasaland on the flats to his coomunity (ii), Shert
grass grassland includes both corrwunities (£ii) and (iv),
with the former predominating. Resulrs are presented in
Table 2,

Some grass specieﬁ tend to-be Qiaperaed on localised
sites. Panicum maxinug gencrally grows under the shade

canopy of trees, Sporobolus smutsif is cormonly assoclated

" with termitaria, and Dactyloctenium australa forms mats
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Dotermined by Tidmarsh whesl-point sampling, recording nearest
greass 1f no strike wms obtained, 1B Jan- 6 Feh, 1971.1 Plgurss
reprossnt relative abundance in percant

itilslope themada short tormit-
theeds grassland Erass ariun
gxussland on flats grassland sitas
tyrlosl map tymical map typleal map onlyd
grusa ppacles phass urdt* phase umit*® phase unlt®
Aristida tarbleollis 0 o 0 0.5 L] 0.4 0.3
Bothriochlos inseulpts 0.8 2,0 o.b 1.b 2,8 3.4 1.9
Chloris virgata 4] 0 (1] 0 0 0.4 0,3
Cymbapogon spp. 1 4.2 3.8 3.0 2.5 o4 0,7 0.3
Mpgitaris argyrograpta 1.6 1.b 4,5 4.5 18,7 15.1 5.3
Digitaria spp.? 18.3 16,4 11.7 11.9 9.8 B.4 7.4
Mplachne eleusine 0.2 1.5 o 0,1 -0 0 0,7
Eragrortis suparbs 0 0 0.2 0.2 0 0 0
Eragrostis spp. 0,2 0,1 0.2 0.2 1.5 1.3 1]
Mchﬂ Fsmlddﬂ’ 2-“ 2.0 1-“ 1.7 0 0,1 0.3
Hateropogon contortis 0 0.2 0.2 0.2 0 0.1 0
Famom coloratum 5.8 10,2 16.117.8 29.626,0 25.8
Farieum deustum 2.2 5,7 0.2 0,5 g 0 1.0
Fameum saximm 0.3 2,7 0.5 2.1 1.0 1.9 1.4
Setaria flabellata 0,3 0,2 ¢ 0 0 o 4]
Setaria sphacellsta 2.01.5 0 0o o 0 [+
Setarias woodil 0 0 0.4 0,3 ¢ 0 0
Sporobolus mitens 0 0,2 o 0.1 0,2 t.8 4,2
Sporcbolus smutsit o0 0 0.k 1.5 5.2 9.8 20,3
Themada triamdra 60,851,7 60.253.6 19.545.2 9.9
Tragus berteroniamsg o ok o 0. 0.8 1.2 1.4
Urochloa mossambicansis o 0,4 o 1,3 10,139 17.]
Total polints &9 85 824 1027 675511 283
£ tssl cover 13.141,7 13.52.7 42,6 8.5 ¢

M reluding also localised subzonez such as termltarium sites, watercourses,
tree canoples, ard small short zrass patches within themeda grasslard,

1535 pogon ap pras. G, margimatus eccurs in hillslope grasslands, C,

phpinodiy 13 general elsavhara,

2_@,_ng D, _pentzid, D, macroplossa including and others,
fwithin both tall and short grassland mep units,
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in shady sites cn sandy soils. _

¥ith the exception of Cymbopogon app and Bothriochloa
inscylpta, which contain aromafic resina, most of the
grasses are regarded as palatible to grazers, &1l of the
grassas mentioned are perennials, except for Jragus
berteronianus, though Urochloa mossambicensig also
commonly grows a8 an annual,

The current fire policy is to burn grasslands when-
ever there 1ls notable litter accumulation; this results
in burning of taller grasslanda at intervals of a few
years, The short graselands do not sustain a fire. How-
ever, burning policies have been irregular in the past

(see Vincent, 1970).

7. Large sgcnals
The anti-tsetse fly shooting campaign of the 1940's

virtually eliminated all large mammals fron Umfolozi Game
Reserve, with the exception of the two rhinoceroses and
secretive species such as dufker and bushbuck, No
wildebeest or zebra remained, and there were only very
nooinal populations of waterbuck, kudu and impala

(Vincent, 1970). However, animala remained protected
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in the n;arhy Hluhluwe feaerve by the Natal Parks Board

in 1952, there was a slow but steady recolonisation move-
ment southwards through the Corridor, Most of the movement
of wildebeest, zebra and impala back into UGR has token
place only within the last ten years, with the eaatern
section being colonised first, When I coommenced oy work in
1966, there were still few individusla of any of these in
the west,

Currently, however, large numbers of some nineteen
ungulate species oveccur throughout the Complex {(Table 1),
Considering that counts of several of these specles are
undoubtedly incomplete, overall large herbivore biomass
in the Complex in excess of 61372 kg/kmz, with UGR carry-
ing a biomaas of at least 7190 kgfkmz, over half of which
is made up by the white rhino.

In an attempt to contral the impact of ungulate
populations on the vegetation, the current poliey is to
carry out heavy culling of wsrthog, wildebeest, zebra
and 1opala, both by shooting and }1ve capture, while the
white rhino capture progran has renmoved increassing
numbers of this speciles,

Among predators, hyenas are numerous, and leopards
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Ista dorived from the Matal Farks Dosrd halioopter census of August, 1970
(Vncent, 1970). Areass WGR (south of Hlack Tafoloei Rivar) - 456 ka2,

HOR - 215 k»?} Corridor - 270 ka%y Complax - 940 kn?

oatim, aver, mmbars Biomans {kg/ime)

ghecies weight! (kg) WR Cop HGR TOTAL WUGR Cor NGR  TOTAL
Whita rhinoccersa 1350 1361 313 S0 1764 5028 1565 588 2832
Wi1debeest 10 3367 195h 1042 6363 1180 1160 775 1080
Buffalo 410 426 640 651 1717 38 97h t2u0 750
Zebra 210 B21 1046 877 274 378 814 838 612
Tmpala 4o 1253 zggz 4925 8235 110 1305 9iB 150
yals 55 1317 2180 J845 159 7L 557 224
‘aterbuck 155 1045 264 26 1335 355 152 19 220
Alaek rhinoceross 200 40 50 200 250 61 130 650 218
Kudn 165 B0 57 221 1118 305 35 169 197
Marthor ho 1673 569 881 3123 07 85 164 132
Araffa B0O 17 0 17 W 30 0 &3 29
Reodbuck L5 473 98 5 516 4é [ - 24
Yountaln reedbuck a0 109 L 10 ' 123 7 - - 4

TOTAL 7190 5297 5981 6372

Yot censused: tmahbuck, tushplg, grey dulker, rod dulker, klipspringer, steanbok,

1nqu.sﬂ.:z,; /4 of average adult woight for most speciesi for white rhinoceros based on
known age structural welghts from Mitchins (1568), Wlson (1968), Ssithors (1971}

2not cansusad, estimated population fraa Bourquin et al (1971)..



Fig. 4

THE MADLOZ!

STUDY AREA

73

Mphata Poal

Watercourses
Raoads

Game Reserve
Boundary

Central Study Area

Bush Ciearonce
Margin

Woodland patches
Pana

Radio Tracking
Stationa

Study Area Limits




75

varied from open Acacla fortilis woodland on the water=-
ahads through lasa open A, nilotica woodland on the slopes
to strips of Spirostachs africana woodland hordering the
watercourses, Two more extensive petches of Acacia
ggagdigornuta closed woodland are indicated {n Fig. 4, and
other areas of denser woodland ecccurred around the junc-
tiona of sorw of the watercourses, #n open ‘cacla caffra
woodland covered the slopes of the Zintunzini Hills. In-
cluded within the study area was part of the bush-cleared
zona, Here trees were regencrating but remained scrubby,
and most of the terrain renained open, offering excellent
visthility, The slopes of the Zintunzini Hills were
cavered with dense Theneda grassland, Elsewhere there
war a mosaic of fairly distinet areas of Themeda doninated
galler grasaland and short grass grassland, On the castern
slopes of the Madlozi valley, and alongside the Madlozi
stream, the grass cover was badly degraded and soil
erosion was prominent. Permanent water was avallable at
the Nyonikazane spring in the south, and the two Mphafa
Pools on the east retained water for most of the Jdry season.
A small spring in the upper Madlozl Stream flowed In 1966,

" There was a profusion of smaller pana, of which the Lily
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Pan carried water for the longeat perflod into the dry
Agason, |

(b) Nzutsheni. Elevation of the Ngutsheni study arca varied
from 135 m near the Black Umfolozi River to 275 m. The
vegetation was largely a confused admixture of most of
tha maln cozmunitiea, with the sandatone favouring types
prominent. Most of the area had .a fairly sparse cover of
short grass, but taller grassland occurred on the slopes
of the Khukho Hills to the wast.

(¢c) Ggovini. The terrain was gonerally low-lying varying
from 120 to 185 w, The dense Eculea phase of the Acacia
nilotica community was the predominant vegetation, though
soma of the best developed Acacia burkel woodland in UGR
occurrved to the weat of the Gqoyl Stream. Acacia nigrescens
woodland occurred on dolerite based mslopes in the east,
Grasslands were mainly short, with relatively smell areas
of tall grass, Water was available year round from aome
pans which were kept supplied with water by pumping, and
the Bekapansi tourist viewing hide_ constructed here in
1970, offered favourable conditions for night observa-
tiona,

(d) Dengezi, This area was situated between the two
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Umfolozi rivers, and consisted nainly of a series of hills
and long relatively steep-aided ridgesa, Blevations rose
from 60 m at the Black Umfolozi River, to 303 n at the
Dengezi beacon overlooking the White Umfolozi River,

The ridgea were largely dolerite based, md vegetation
consisted mniﬁly of an open woadland of Acacims nigrescens,
which was replaced by Acacias tortilis woodland at higher
elevationa. Tall Themeda triandra dominated grasslanda
pravalled, with enly localised arecas of sparse short
grass,

(e) Hluhluwe North. This area was characterised by large
steeply rolling hills separated by flat grassy valleys.
Elevations varied from 106 n to 378 m at the crest of
Magwanxa Hill, Hillslopes were generally open and grassy,
with g few small patches of poorly developed coastal
forest. Sectiona had been invaded by Acacia karoo which
formed a straggly woodland, Hillslope grassalands were

of mixed composition with coarse species prevailing,

and Themeda trisndra predominated only in local areas,
Tall Panicum paximun was prominént in some of the bush

invaded sections, Short grass srcas were limited to

“small patches of Dactylocteniun australe i{a Some shaded
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spots, Permanent water was available from two pools in
the Manzibomvu Stream, The whole aspect of the country

contrasted rather strongly with that in Umfolozi.

9. Study area ungulate populations

All ungulates encountered on patrols were tallied
during the first part of the atudy perioed, Local ungulate
papulatinn denasities within esch study area were cal-
culated using the "Territory Occupancy Index," based on
tha ratlo of animals seen relative to sightings of the
resident white rhino territorial bulls (Table 4). Year~
round data are available for Madlozi, but records for
the other study arecas are limited to the month long period
of the initial survey. These indicate tha approximate
large herbivore blomasscs being carried by each of the
study arcas, while the varying specles composition reflects
their differing habitat qualities., For example, the
pradominance of wildebcest and zebra in the more apen
country of Madlozi and Dengezl nay be contrasted with
tha prevalence of impala and nyala at Gqoyini,

White rhino population densities ranged from 4.6/kmz

to 7.0/kmz in the three western study areas, but the
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TABIB 4. Ungulate populations in the study arcas

Estimatas calculated by "Territory Occupancy Index" {soo text), except
for Ylvhluws Forth which is derived from helleopter census.

study aroa Madlozd Hadlogd Madloed Mutsherd Ggoyiml Dengoel® Hluhluweg
¥orth

extent (i) 6.3 8.9 8.9 . 5.1 7.5 6.1 " 66.8
timo period Feb-July wot cond, dry cond, Jan-Feb Mar-Apr Moy Aug

1965 1968-71  1969-70 1969 1969 1969 1570
species  sightability Mambers per 10 k2

correction
factor _

white rhinocoros 1.0 53 57 LTS 70 54 37 ff
Black rhinccoros 2.0 0.1 1.6 0,2 0 2 0.1 .5
uffalo 1.25 5 [ 0 0 6 30 66
rshbuek 2,0 8 0 0 1 0 3 -
firaffo 1.0 o 1 3 e 0 o 0
Grov dulker 4,0 6t 26 23 s? 8a . 28 -
Irpala 1.5 & 12 52 us 115 7 130
Fudu 1.5 23 17 21 10 24 13 8
Vountain reedbuck 2.0 O 0 -0 0 0 [3 0
Iyals 2.0 7 2 5 23 73 32 107
Roodbuek 1.5 53 37 27 b 3 16 ¢
Stecnbok 3.5 15 21 17 29 20 15 -
“aterbuck 1.5 20 3 1 15 28 47 0
Yarthog 1.4 3 29 40 25 121 121 1))
i 1dobheast 1.25 16 107 137 1 60 b2} E g
Zebra 1,25 0.1 2h 14 8 12 89 53
HIOHASS (kg/iond) £975 10970 9750 10370 10715 16385 6960

*popuiation densitlos believed to bo overestimatod by about 50%
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excaptionally high population density recorded at Nqutsheni

is probably partly due to an influx of anfmals to the .
vicinity of the Black Umfolozi River resulting from the
dry conditions prevailing during Fcbruary 1969. White
thino population density at Dengezi was about half that
in the western study areas, and at Hluhluwe North only
10% as great, but a large part consisted of hilly country
1little used by the animals, Overall largae herbivore
biomass waa fairly constant among the five atudy areas,
Oanly the ettimate for Madlnzi can be accepted as accurate
on a year round basis; here the local blomass was over

10,000 kg/wnZ,




III. THE ANTIMALS

A, MORPHOLOGY AND PHYSIOLOGY
1. External aggea:;nce

The white rhinoceros exhibits typical graviportal
construction, with an extended barrel-like rib cage and
short thick-get limbs (Plate 4). Characteristic features
includa (1) wide, squaved-off lips, {i{i) lengthened
head, (1i{1) nuchal hump, and (iv) pre-sacral vertebral
ecrest, The heed 1s held low, the mouth almost touching
the ground, in relaxed posture., Tha pointed-tipped ears
are fringed with hairs, but the remainder of the body
appears hairless except an ¢lose examination, The skin
colour is basically a neutral "battleship'" grey, but is
usually modified by the colour of the soil last wallowed
in, There are prominent folds of skin on the ahoulder
and on the flank just anterior to the upper hind 1limb,

Two mamary teats are present inguinally in females;
males exhibit a palr of prominent mammillae just anterior
to thae prepuce, While there is no tru; scrotum, a male
15 readily distinguished posteriorly by the presence of

a prominent inguinal fold of skin, while the vulva is

81
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conspicucus in females, Males tend to be slightly larger
and more heavily buile, but otherwlse there is little
gexual dimorphism in general body appearance., Males tend
to have shorter and more thick-sct horns than females,
and do not exhibit the forward projecting horns possessed
by some females. The antorior horn is usuelly considerably
longer than the posterior one,‘but thore 18 much individual
variability in the sizes and ahapes of the two herms.

Tha black Fhinnceros (Plate 4e) diffors in 1its shorter
hoad and fingerlike and prchensile upper lip, The head
i5 usually held appréciably higher than in the white
rhino, thare is no nuchal hump, the ears are more rounded,
and the pre-sacral creat is more posteriorly located so
that the animal appears saddle-backed, In basic skin
colour, black rhinos in Zululand are a darker browner grey
than the white rhino, In the black rhino, both horns
are not infrequently of approximately equal length, and
tha base of the anterior horn is rounded in front; in the

whita rhino it ia straight-edged.

2. 8ize

‘ Batimates of the size of the white rhinoceros have



usually been rmuch exaggerated by previous writers, Follow-
ing Player and Feely (1960), shoulder heights of up to
198 cn, and weights of 2700-4500 kg, have been quoted,

It 1s evident that shoulder height rarely cxcecds
183 cm (six feet) from the fgct that thia is inside haight
of the erates used by tha Natal Parka Beoard to tranaport
the animals, Rirby (1920) gives the following shoulder
heighta of two specimens selected for their large size:
fiale, 179 cm; fenmale, 177 cm. Foater (1960) lists tha
shoulder heights of four specimens (sex not atated) as
171-185 em, The tallest mounted specinmen measured by
Heller (1913) was 188 cm in shoulder height, but from
Kirby's observations would have taped about 2 c¢m less in
tha flash, The height at the crest of the nuchal hump
with the head railsed may exceed shoulder height by about
10 em,

Variocus measurements made on aninals captured for
marking during the course of tha present study are listed
in Tabla 5.. More extcnsive data are available in rhino
capture records in Natal Parks Board files,

Fully adult males are eatimated by Natal Parks Board

officers engaged in the rhino capture operations to
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TABLE 5, Moagurements of adult white rhinogeroges taken during marking ocperations

Inta on srdmalp § and 2 from Motal Farke Board files; amdmal 3 supplied by
P. H, Hitohina; remaining ardmals moasured by tho author,

Al) moasuremonts 4n centimotores
apin.g hd, sh. heart hd, ant, poat, ant.

Fo. sex ident, lon.l len tail ht. girth cire.2 hors horn horn
lon, lan, elre,

1. male F 277 % 7 62 27 72
2, mala § 277 95 70 66 27 271
3, mle 4 268 120 174 285 6 39 77
4, mals H 284 328 & 26 7%
5, female MY 268 286 135 & 20 65
6, fomale O 250 127 75 26 65
7. famale MM 27 136 62 16 68
8. remale AL 248 131 76 18

9. female P 248 126 66 21

losciput to base of tall 2taken pout.a:rl.o'r to moocond horn across anterlor part of eys



weigh 2040-2260 kg (4500-5000 1b) and adult females about
1600 kg (3500 lb). Howecver, to oy knowledge there is only
a single measured weight for an adult wild specimen. A
mala, secticned and weighed in the field for the purpose
of calculating drug doaages, totalled 2130 kg (4700 1b)
(J. Clark, pers. conm)., This individual was a young adult,
with the last molar not fully erupted,

Tha record length for a white rhino horn is 158 ¢nm
(5 £t 24 in) for a Scuth Afrxican female (Best, 1962),
There 1s a photograph of this hora illustrating Selous'
articla in Bryden (1839%). The largest nale horn, from
the northern race, measured 120 e¢n (4 ft 11 in) (Best, 1962),
Of ny study area animals, the longest horned female was
estimated, from photographa, to have had an anterior
horn length of about 90 em, while the longest male horn
was about 72 cnm,

The white rhinccercs {8 generally regarded as being
tha third largest land mamnal, cxceeded in size only by
thae two elephants, The Indlian rhinoccros attains
approximately the same shoulder height, bﬁt Heller's
(1913) data suggest that the white rhino tends to be

alightly the taller of the two species, However, an
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" adult male hippopotamus has been weighed at 2660 kg
(Meinertzagen, 1938), which exceeds the maximum weight
estimated for a white rhino bull, The black rhinocerns
attains shoulder heights of up to 165 ¢m, but its paximm
recorded weight {s only 1313 kg (Meincrtzagen, 1938), In
tha black rhinoceros, there 1s no appreciable size
dimorphism betwcen the two sexas (Hitchins, 1968).

3.8 ton

The skaleton is massively builct td support the heavy
waight, There are 18 rib-bearing vertebrae, and the vert-
abral spines are greafly extended in the shoulder region,
and to a lesser degrec also in tho posterior thoracic
reglon,

The skull i3 characterized by the long backwardly
extended occipital crest, rugous arcas in the nasal region
which support the two horns, and sbsence of labial teeth,
Tha adult dental fornula is I 0/0, C 0/0, P 3/3, M 3/3.
The deciduous dentition includes four premolars. The
front deciduous preﬁnlars are the last to erupt, but are
not repleced when lest during adoleascence, Qccasionally

thay porsiat into carly edulthood, There 18 no record of



prs as

tha presence of even vestigial {nc{sors and canines, as
sountimeg occur in the black rhinoceros (Goddard, 1970),

Further dotalls of skeletal morphoiogy nay be
obtained from Heller (1913), and Cave (1962). Grovea
(1972) has a good illustration of the skcleton.

4, Yiscera) anatomy
Cave and Allbrook (1959) have remarked on the ex-

traordinary density, toughness and inclasticity of
ridnoceros skin, Tho dermias consists exclusively of
collagen fibres, and the epidermis is well keratinized,
These authors tepcr; a thickness of 1 mm for the epi-
dermis, ond 18-20 rm for the dermis. Skin thickness is
veriesble over the body; I messured a total skin thickness
of 24 ma in a frosh sample taken from the dorsal shoulder
reglon, The skin is highly vascularised, Tho usual type
of sweat gland is lacking, and instead thcre are
scatterad large apocrine sweat glands with myocpitheliel
ecalls arranged around the ducta, seemingly designed for
tho zapid and coplous discharge of liquid, I observed
that several anipals which had run Some distance before

going dowm after darting became suddenly covered in
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droplets of sweat over tha hcad and body regions, The
only other circunstance in which I ssw an animal sweat
noticeably in the ficld waa during a prolonged fight.

The lower 1lip bears a hardened pad which assists in
grazing,

Ceave (1969) reported a general sbsence of body heirs
in 200 specimens, though hair follicles were present
containing the shaft bases of haira., However, as already
noted by Alexander and Playor (1965), wild specinens of
the southera form do retain a sparse covering of hairs at
laast into early adulthood,

Both Cave and Allbrook (1959) and Sgclous (1899)
comment on the large amount of subcutancous fat present,
This may form a layer up to 50 o thick on the ebdonen,

Rhinoceros hoxn 1s ainilar to hair in being an epl-
dermal keratinous derivative, but differa in its con-
struction, While hair fibres are solid, the horn i3 made
up of a maas of tubular filpnents which adhere together
{(Ryder, 1962). 1In this it rescobles the structurxe of the
outer casing of bovid horns and of hooves, but differs
in fraying ints tubules instecad of sheets, The bases of

the two horns retain a fuzzy appecarance in young animals,
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but become worn quite smooth distally, The horns grow
continually throughout life,

The nuchal hump consists of a skin callus up to 49 mm
thick, a fatty pad 30 mm thick, and beneath this a large
muscular-ligamentous oass (Alexander and Flayer, 1965).
Thae presence of the hump scems duc to hypertrophy of the
nuchal liganont and associated rnuscalture for ralsing the
heavy head, Three scparate pads are noticeable ex-
ternally.

Tha penis i{s muscular and sa in equids; lacks a penis
bona, There arc laterally projecting lobes related to
extensions of the corpus cavernosum, and the tip terminates
in an enlarged flattened f£lange (Cave, 19684}, The testes
arq gituated close to the skin between the prepuce and the
mareillae, The white rhinoceros differs from other living
rhinocersases in have a well-developed preputial retractor
mugcle, and in the presence of nunerous papillae on the
glans, prepuce and ventral preputial skin, Cave (1966)
describes the association of these ﬁapillae with unusual
ecerine sweat glands and lymphoid tisa;e, and suggests
that they nay be scent glards of sexual significance,

Though pedal scent glands occur in the genus



Rhinoceros (Cave, 1962) no external glands have been
described in either Ceratotherium or Diceros apart ffcm
tha praptial glands,

There are additional papers on the foramen ovale
{Cava, 1959), visceral histology (Aumonicor and Cave, 1960),
and lymph node histology (Cave, 1962b), However, the
white rhinoceros still remains poorly inveatigated

anatomically,

5. Gengral physiology

Body temperature is relatively low and somewhat
variable, Allbrook e; al, (1958) found that the rectal
temperatures of frec-ranging tame animals yaried from
34.5°C at sunrise to 37,59C at sunset, on sunny days; in
the shade, rectal tcmperatures remained fairly constant
at 35.4°C, A minimum rectal temperature of 33,6°C was
recorded at night when the amblent temperature dropped
to 5°C. Wallach (1969) recorded rectal temperatures
batween 29.4°C and 35,09C for a juvenile animal,

Normal pulse ratc is betwean 30 and 40 beats por
minute (Allbroock et al, 1958).

+ The urine is usually milky in appearance, apparently
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from suspended albuminous material (van den Bergh, 1955,
and peracnal observations). Van den Bergh reported. that
the urine was highly odoriferous, particularly that of
males, but in the ficld I was able to detect nnl} a milk
"medieinal" odour.

Tho milk 12 very low in fats, Wallach (1969) re-
parted a fat content of only 0.6% in the milk of a cow

with a five month old calf,

6. Dxug fmmobilization

Over one thousand white rhinos have been captured
by means of the druéged dart technique to date, with
negligible mortelity (Wallach, 1966; Player, 1967; Reep,
1971). Etorphine hydrochloride (M,99) is used as the
immobilizing drug. A dosage of 1,5-2 mgm is dissolved in
a solution of the tranquilliser Acetylpromazine, with the
optional addition of hyovscine. The time taken for action
is B-20 minuter, The most effective drug antagonist is
Balorphine hydrochloride (M.285); while black rhinos,
elephants, zcbras and bovids risc quickly to their feet
and are alert within a few minutes, whito rhinos ex-

parience great difficulty in rising, and remain
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phlegmatic towards external atiouli for several hours,

7. Genetics
There are 82 diploid chromosomes (Heinichen, 1969),

This is the same number as is present in the Indian
rhinoceros (Wurster and Benirschke, 1968), while the
black rhinoceros haa 84 chromosomes (Hungerford et al,,
1967), Thesa seem to be the highest chromosome numbers
recorded for any mammal s¢ far inveatipated,

Blood proteins in the Zululand white rhinos showed
greater variability than those of black rhinos from the
sane ares (Oaterhoff and Reep, 1970), It wes suggeated
that the black rhino population might be more "inbred"
than thet of the white rhine,

B. GROWTH AND AGEING
I initially recognised elght size clasases based on

fleld {mpresaion of height relative to that of an adult
female supported in younger categories by the degree of
development of the horns (Table 6), Later it became
poasible to estimete the approximate aée ranges of these
elansgs from photographs taken of known individuala at

regular fntervals over the 2 3/4 ycar main study
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TAHLE 8,

Siga claanms o

Size classes basod on flels impressien of height relative to adult female,

supported by horn developmant in younger classoas.
rapoated photographs of known individuals.

Ago ostimatos based on

Claas fiold impresasion of height horn longth ogtin, aotim,
(1n oarlengths) weight age
ant, pogt, (kK)_ (Bol )
Juverdle Jy below cow's shoulder fold tamp nona 65-110 0-2
Juvendile Jp slightly larger, s3till lacking Jump none 110- 2~
of postorior horn . 180

duwvenile Jy pra-sacral orost not moro than /G disa- 180~ 4-9
half way up sidoe of cow ernible 500

Trmature Iy pro-sacral crost up to top of 1/2 bump 400~ 9-18
cow's flank fold 600

Immature I2 .. pro=-sacral erest up to top of 3l knob 600~
cow's 1liac projection i BoD 18-30

Subadult Sy pra—-sacral crost not above cow's -

: sacrum 11/2  ¥nob  800-1100 30-70

Subadult 5, discermlbly smallor than sdult 1 1/2-

' 2 1/5- m.1100- 70-120
tf2 2000
£,1100- 70-85
1400
Adult full grown 13- 1fu-
L 1 1/ m,2000-
2500
f.l'-J'OO-
1600

adult earlength = 25 em
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period (Plates 5 and 6), The size classes did not cor-
respond to unitary year classes,

Welights are routinely estimated by Natal Parks Board
officers engaged in rhino capture work, in order to assess
approximate drug dosages, PEatimates agreed cloasely with
the measured weights of eight young individuals that were
transported to Rhodesia (Condy and Davison, 19566}, The
weight ranges prescented in Table & are hased on theso
estimntes, but since I had no opportuniry to weigh any
animal that I saw, they are approximate only. There are
three records relating to birth weight:- (1) the wild-
born female "Zuluana' taken te the Pretoria zoo weighed
48 kg at 6 days of ago; (Bigalke et al., 1950); (i1) a
male white rhino born at Hanower zoo was cstimated to
weigh 40 kg at birth, by direct comparison with known
waight black rhing calves (Diterich, 1972); (iii) an
estimated 2-day old calf found abandoned by its mother
in the fileld welghed 75 kg (P.M, Hitchins, pers, com.).

Bigalke ot al, (1950) prosent data on the growth of
tha calf "Zuluana," but her developmené seems abnormally
slow, probably on account of artificial rearing, The

data given for the Hanover calf (Dittrich, 1972) appear



more consistent with natural growth, Wallach (1969)
presents further mcasurements on a young calf.

Juvaniles grow very rapidly for the first few months
of Iife! after which growth slows down considerably, Males
become indistinguishable from mature adulta by about 12

years of age, and females at around 8 ycars of age,

C. ACTION PATTERNS

1, Locomotion
Howell (1944), Hildebrand (1965), Gray (1968) and

Dagg and de Vos (1968a and b} have presented terminologiles
for deacribing the gaits of different animals,

My descriptions of white rhinocceros locomotory pat-
terna arc based an-field ocbesorvations supported by
exardnation of movie film footage,

Despita its heavy bedy and short thick-set limbs, 2
white rhinocercs can appear surprisingly light and agile
on its feet, A striking feature in movement is the
marked degree of flexure by the carpal joints, the foot
being bent so that the sole almost touches the lawer part
of the forelimb, This secems to be an ﬁdap:atian
facilitating the clecarance of obstacles on the ground

by the rather short Eorelimba,
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{r) Thg walk. The movement of the limbs during walking
is basicelly similar to that in the horse and most other
ungulates, The scquence of footfalla ia right hind--right
forg--left hind--left fozre, At normal walking spceds
three-point support is maintained for most of the tima,
the forefoot not being lifted off the ground under the
ipsilateral hind foot has already becen pleced down (Plate
7a); during a rapid walk there are moments of ipsi-
lateral two-point support, During a ateady walk, about
35 strides per minute are made by each limb, Ten animals,
all adult males, were followed for distances of 2,7 to
4.7 kn vhile they walked steadily towards a waterhole,
Calculated rates of movement along the paths followed
vary from 2.6 to 3,7 kn/hr, but all walking speeds of
over 3.2 km/hr are attributable to one particular in-
dividual., These calculations do not take inta account
minor windings of the paths followed, nor brief pauses,
for example to check dungheaps, Thus actual walking
speeds maintained were probably 3,0 to 3.8 km/hr. Stride
length was not measured directlé, but is calculated to

be mbout 1,6-1,8 m on the basla of the above data,

(b) The trot. This is the gait normally employed for
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rapid movement, as when making off in alarm, The marked
flexure of the carpal joints gives a high-stepping appear-
ance to the action, while the hind lipbs swing back and
forth as propulsive levers (‘Plnte-?’b). The body bohs
slightly up and dwﬁ, more markedly at lower speeds, The
head 18 usually held raised loocking shead, but is dropped
at intervals apparently to sniff at the ground, Bushes
or other obstacles in the path may be avoided, or crashed
through, A forelimb leaves the ground before, but is
placed down alightly after, the contralateral hind limb,
AE a rapid trot, there are instants when both fore limbs
are off the ground simultanecusly, but one of the hind-
limbs always retains contact with the ground, Measure-
ments made from a photograph Indicate that the stride
length during a trot i{s about 2 m, Player and Feely
{1960) timad a trotting speed of 29 lm/hr from a vehicle,
The trot can be maintained for some distance; certain
individuala shot with drugged darts trotted 4 to 5 km
with only brief pauses when the drug did not inject,

{(¢) The gallop. This is employed by 'adult animals only
under extreme provocation, and then only for short

distances, Small calves not infrequently gallop to keep
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ahaad of the mother (Plate &), I have no movie £ilo
footage of the gallop, and thus a detailed gnalysis is
not poseible, Flayer and Feely (1960) quote a top
gallopping speed of 40 kn/hr,

2, Rising and recumbapey

Before lying down, the fect are shuffled, then one of
the hindlimbs is transferred imwards under the body, and
the welght of the hindquarters collapses on this flank,
Finally the forelimbe are ghifted forwards to allow the
forequarters to sag onto the thorax., Occasionally a
rhinocercs nay remain for perleds of several minutes in
the intermediate sitting posture. Zannier-Tanner (1965)
has published photographs of the action of a black rhino-
ceros in lying dowm; the movenents seem ildentical to those
of the white rhino.

In rising, the forelirbs first push the forequarters
up into a sitting posture, Assistance 15 sometimes given
by pushing downmwards with the head against the ground;
this action was especially prominent when an animal was
trying to rise from an awkward posture, as was the case

. with some of the animals that had been drugged. Rising
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. 18 completed by extending and moving cutwards the hindlimb
that had been uﬁder the body to take the weight of the
hindquarters.

During recumbency, an enimal usually lies with the
welght of the body resting slightly to one side of the
aternum, with one hind limb crossed under the body (Plate
7d). The forelimbs may be extended forwards, on either
side of the head, with a flexure of the carpal joints sc
that the solea of both feet rest on the ground, or one of
the limbs may be pushed acrogs under the chin. Lylng flat
on ong side may alsoc occur, but is normally not sustained

for than ten to f£ifteen minutes by adult animalas,

3. Eliminacrion

(a) Defecation, Before defecation, cows, non-territorfal
bulls and immature animals first stand. The tail is curled
into & uypward spiral; then, as the first dung boluses drop,
first cne hindleg then the other is shifted anteriorly,

s¢ that the hindquarters lean backwards (Plate 8a), Upon
completion, the animal walka away, - Occasionally, the
hindlegs are pushed backwarda alternately several times

. after defecation, but this is done slowly, so that the
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dung plle ia disturbed little or not at all, In contrast,
territorial bulls make vigoroua backwardly directed
kicking movements both before and after defecation, which
break up and scatter the dung pile. These actions will be
digcugsed more fully in & later section on territory
marking,

Dafecation by one animal in a group has a stimulatory
effect on its companions to do likewise, Defecation is
alao stimulated by an cncounter with the dung of another
thino, Thus, large dungheaps exist in localities that are
frequently visited by rhinos, and passing animals com-
monly sdd further contributions, Dungheaps may vary in
size from the clustered depoaits of only two to three
animale to large seemingly permancntly maintained
accumitlations three to four metres in diameter (Plate 8b),

Three sets of evidence were used to cstimate fre-
quency of defecation: (1) I checked all the dungheaps
on the territory of one particular bull daily over a five
day period, and found that five or six of these bore fresh
marks of use each day; (ii) while ﬁnder continuous ob-
servation for three of these days, this bull was seen to

defecate each day at about 0800, 1200 and 1700 hours;
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{111) I tallied the number of defecations recorded per
cbservation hour for other animals that were watched for
extended periods; this ylelded the following results ex-
preasad in terms of observation hours per defecation:
adult males-=4.6 (N = 24), adult femslcs~-4,25 (N = 26},
aubadults--4,35 (N = 22), The latter records are however
hagad mainly on periods while the animals were active,
usually feeding, Actual {ntervals recorded between
succegaive defecations varied from 33 minutes to 8 hours
43 minutes, with no notable glustering. It may be con-
cluded tentatively that defecation occurs about 5 to 6
times per 24 hour period, with the interval between
succesgive defecations somewhat variable,

(b) Uzination. Cows, non-territorial bulls and immature
animals firae aplay the hindlimbs apart, thmstand with
upcurled tail urinating backwards in a steady strean
{Plates 8¢ and d), Urination durations varied from 10
sec to 2 minutes, with the following means: non-ter-
ritorial bulls--55 sec (M = 11); cowa--32 sec (N = 27);
subadules--31 scc (N = 17), Territorial bulls only
occasionally exhibitad such non-ritualized stream-

* urination. Usually they urinated instead in powecrful
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pulsed sprays {Plate 8c) and preceeded urination with horn
wiping and scraping actionz with the legs. This spray-
urinetion appeared to function in territory marking and
will be discussed more fully in thia context. In a few
ingtances, immature males were also seen to urinate in
several weak sprays. In one instance, a three-week old
male calf urinated in a squatting posture (Plate 8f),.

Urination usually took place independently of de-
fecation, and no social facilitarion was evident,

Data on urination intervals arc fragmentary, For
cows, the mean. number of observation hours recorded per
urination was 10,2 (N = 10); for subaduleta, 5,8 (N = 11).
However, urination was inconspicuous and could easily be
overlooked, Recorded intervals between successive
urinations varied from 43 minutes to 6 hours 53 minutes.
It may be inferred tentatively that urination occurs about
3-5 times dally. Territorial bulls commonly spray-
urinate repeatedly at short intorvals while patrolling
their territories, but each burst lasts only a few

seconds,
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4, Par and tail movenments

The aar pinnae keep up an intermittant restless move-
ment, Usually they are moved independently, one ear being
twisted to face backyardn, held there for acyeral seconds,
thon flicked forwards again., These movementa persist while
the animals are lying down apparently sleeping, and
occasional ear flicking movements may be made even while
the simals are heavily narcotised, suggesting a con-
siderable degres of autconomic coatrol, While advancing
attentively, both cars arc held facing forwards, While
walking backwards, the ears are faced hindwards, The ears
orientate quickly to face any strange sound, and move-
ments thus scem vrclated at least partially to auditory
attentiveness, Howover, the pinnae also have a well-
developed vascular supply, and the continual movement of
the exposed surface could assiat in heat climination as
is guggested to be the case for the African elephant
(Buss and Estes, 1971).

The tall is relatively short, and has only a sparse
fringe of hairs, It is usually flicknd from side to side
at intervals while animals are active. The action 18 one

of twisting the tall to one alde against the rump, then
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allowing it to swing to and fro a few times; or the tail
may ba moved actively from side to side several times,

Tail movements were infrequent during carly morning periods
when flies were less active, suggesting that movements may

function to inhibit flies around the anal regionm.

D. SENSES
The animals apperently rely largely on olfaction for

orientation and detailed knowledge of their surroundings,
The white rhino is macroamacic, with the nasal sinuacs
taking up a considerable portion of the anterior part of
tha skull, Oifactory sensitivity is acute, I noted
animals respond with alertness when dowawind at ranges of
about 800 m, under conditlons when a steady breeze was
blowing directly across to them. They always reacted
immediately to human scent, but took little notice of
rhinos and other animals passing by upwind, Much attention
is paid to investigating odsurs encountered on the ground,
Rhinos running away from human intruders dropped their
heads repeatedly apparently sniffing at the ground, A
fhinocetos bull was able to track down by scent & cow

he had left 1 1/2 hours earlier, following her tracks

for a distance of 700 o,
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Much of the time rhinos do not seem alert to Sounds,
posaibly bocausa these are masked by the noise of their
own movements, This ia particularly the case while grazing.
Bowever, when they were attentively listening, I found it
impasaible to move a foot without oliciting an immediate
orientation of the ears, at ranges of the order of 30 m.
Thelr hearing abilicies are thus clearly sensitive.

The poor wvisual diserimination of rhinoceroses is
ganerally acknowledged. When running away, animals Some-
times did not seem to notice bushes until these were énly
about 10 m in front of them. There 18 very little bino-
cular overlap, and {individuals tend to pecr first with
one eye, then with the other, Moving objécts are more
readily responded to, and rhinos reacted to & person
walking by in clear view at ranges of about 80 m. How-
ever, at such distances, their identification of the object
seen appeared uncertain. Only at raenges of under about
50 o did rhinos react consistently with flight to a
moving person., More specific observations showed that
stationery forms were only discriminated at ranges of
15-25 m, and even then might not be identified clearly:-

(1) I stood near a tree but in full view as a rhino bull



. 111

grazed towanrds me; at 15 m range he suddenly stared,
trotted away 5 m, then atood ﬁncer:ainly; I remained gquite
atill, and after 5 minutes he resumed grazing paying no
further attention to me; (11) A rhino cow and calf
suddenly turned and walked towards me, without giving me
an opportunity to move to concealment; as separation
distance decreased from 30 to 20 m, the cow looked towards
me several times, but did not respond; at 20 m range, I
swayed slightly sideways; at this the cow iomediately
poticed me, and the pair ran off 100 o; (ii{1) An adoles-
cent female grazed across my scent track, and stood
looking around uarvoﬁsly; I stood in the open in clear
view only 15 m away, but she did not respond until I
ooved.,



IV. 1¥DIVIDUAL ECOLOGY

A, FOOD SELECTION

od on_an thods

'l'h.e_ white rhinoceroa 1s commonly regarded as a short
grass grazer (Player and Feely, 1960); Foster (1967),
however, noted grazing of long grass by individuals of the
northern subspecies in Uganda, In Umfolozi Game Reserve,
whita thino concentrations are commonly assoclated with
regione having a lawm-like cover of gshort grasses, and
thase are the favoured grazing areas for much of the year,
However, the shore grass cover largely reflects the in-
tense grazing pressure, and it 18 not immediately apparent
to what extent this choice 18 based on the {inherent
qualitics of such grasslands., Long term observations
furthermore reveal scasonal shifts in the degree of
utilization of diffcrent grasaland zoncs,

T obtained detailed records of food preferences by
direct chsexvation of graring animals, I watched & -
grazing rhinoceros from ¢lose range (usually 20-40 m},
then chased it sway and inspected the site where it had

beent feeding, A unit sample patch was defined by the

112
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area I could touch with the fingers of my right hand while
standing with legs straddled over the grazing pathway;
this covered sbout 0,8 ml. Vithin this, I tallied the
number of “plant bites" taken from each speciles of graas
or other plant, Unit “bite" width was defined by the
spread between my extended thumb and middle finger. This
distance 9f 19 cm closely approximates a measured bite
width of 20 cm, While the grass was green, freshly torn
leaf cuticles were readily distinguishable, and circum-
stances in which there was possible interference from
other grazers were avolded. Signs of fresh grazing were
more di.ffict;lt to detect when the grass was brown, After
recording in detail from one such patch, 1 paced back
either three or five stops and repeated the procedure at
from onme to four further patches, depending upon how
raadily the grazing pathway cauid be discerned, Ad-
diticnel information recorded included the height of the
grass after grazing:_snd the height of an untouched

stand judged to be similar to that which had been cropped,
The height recorded was the prevalling leaf canapy height
shove soll level, and cmergent culms were ignored, 1 also

noted the general condition of the grassland in terms of
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degree of greenmess or browness, the type of gragsland and
voady vegetation communities within which the site was
located and whether or not it was located on a temmilte
mound. A reference collection of grasses and other
plants supporting specles {dentifications has been lodged
at the Univeraity of wisconsin herbarium,

In all 191 grazing sites were examined including
536 patches and recording 6103 plant bites, The 13l
sites were distrivuted among the five study areas as
follows: Madlozi, 124; Nqutsheni, 15; Ggoyini, 24;
Pengexl, 14; Hluhluwe North, 4; other areas, 10. Seascnally,
139 sites were inspected during the summer months Octoper-
March, and 52 during the winter period April-September.
Recards are thus blased towards the Maclozi eres anc the
vet season, However, conditfons at Madlozl seemed typical
of those prevailing through a large part of the western

section of UGR,

1. Feeding action

The white rhinoceros lacks inélaors, and uses its
lips to pluck grass. The moveaole upper lip is extended

over & grass tuft pressing it apainst the cornified
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lower 1ip, and the tufc ie oroken off by an imward movement
of the two lips. Slight jerking movements of the head
may aasiat in this, particularly if the grass in.tall
and fibrous. The head {5 kept low, and grass may be
cropped as close as within 1 em. of soil 1e§e1. weakly
rooted plants are sometimes uprooted. When feeding in
taller grass, leaves and culms are usually gripped and
pulled off near the base, so that inflorescences and
leaf tipa cdangle from the mouth 1f the head is railsged.
Petection of the presence of a grass tuft seems to be by
contact with the anterior surface of the upper lip. The
wice nostrils msintain close contact with the ground
layer of vegetaticn, and are thus well situated to relay
olfactory information about it, For example, I watched
a rhinoceros hesitate upon encountering & tuft of un-
palatible Cymbopogon, then transfer {ts grazing attention
elsevhere., White rhinos usually grazed carefully around
any weedy forbs present among the grass, through oc-
casionally emall forb plants were oroken off and takem
in along with a pite of grass.

Feaeding rates averaged about 72 bites per minute

in short grass. Chewing seemeé to be aynchronised with
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the plucking action. Occaslonally a rhinoceros lifted
ita head, asd munched noisily for several peconds.
There is, however, no chewing of the cud as in ruminants,
The msite width of an adult female revealed in short grass
having a heavy dew covering about 20 cm (Plate 9b).
While atanding in one spot, the head was moved in
&n arc to crop the grass within reach, then a step forwarda
wan taken and a new arc covered {seePlate 9a). In this
way a swathe up to 1 metre wide was grazed down aleng
the meandering path of movement. Feeding rhinos some-
times paused to concentrate attention on one particularly
attractive stand of grass, while at other times they
passed head low over evidently less attractlive grassland
before resuming feeding. Rates of movement by grazing
thinon averaged 12,7 strides per limh per minute, but
varied widely between extremes of 2.6 and 30 strides
per minute. Rateg of movement were slower in tall grass,
where more grass was ingested per bite, than in short
grass., While grazing the enra'tendee to be held with
the orifices directed postero-laterally, though ear flicking
movements backwards and forwards were still wmade.

Concentrated feeding was usually maintained for



spells of from one to three hours, with only brief
interruptions to transfer attention from one locality
to another. Sowetimes animals remained grazing in ome
locality for a period, fbllcuing a meandering course;
at other times a pteady dir;c ted movement was kept up

while feeding.

2, Yood selection by plant species

At least 30 Jifferent grass gspeclies were recorded
in the food, the exact number depending upon apecies
identification (Table 7)., However, 12 specien comprised
about 957 of l:.he food intake, and 74% was made up by the
4 poat lmportant species: Themeda triandra {35.5%),
Pynicum maximim (17.1%), P. coloratum (12,47), and
Urachloa mossgmbicensais (5.0%) The proportion of Themeda
trisndra recorded would have bLeen even higher had sampling
been more equitably diastributed through the dry seasom.
However, neither of the indices ‘''relative abundance' and
relative quantity" as defined here corresponds truly to
quantitative intake in the diet. Though rhines ingest
more per bite when feeding in tall grase, they take fewer
bites per unit time than when feeding on short grass.

The proportional dietary contribution made by different
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TAMIE 7. Rolative impartance of differort plant species in the dlaet,

-

Based on mxwrination of feeding at 191 gites including 536 sample mtches
and recaeding §103 "plant Lites",

Lyequency = propartion of patchos in which species was grazed; relative
abyndance = proportion of total "plant Lites” recorded; relative quantity =
atundance x msan grass height differance

. apecies (growth formt) froq, rel, mean rel,
' 4  abum, ht, {en)  quant.
3 baf. arft, 4

grassas)
Themedn triendra (tt) 434 24,4 12 5 35.5

{zrean)

25 1o

(bresm)
Parderm maximm (tt) 25.7 11,2 17 6 17.1
Amom coloratun (atol) 4ol 17,1 8 3 12.4
Urochlog mossambicensts (stol)34.4 12,4 8 3 9.0
Famdevm deustim (Et) 7.1 3.1 30 14 7.2
Digttaria spp (stol & tt) 15.1 L4 13 8 5.1
Dtgtteria arpgyroyrapta (st} 17.4 7.1 8 ) 3.1
Bothricchlos insculpts (mt) 11.2 2.5 13 5 2.9
Entercpogon uonostac{hg.; 6.1 2,2 12 5 1.9
Spordbolus smutsii (stol) 13.6 5.8 4 2 1.6
Trctylocterdisn australe 5,0 2.5 é 3 1.1

{stal)

Bustachys maspeloides (at) .9 1.0 g 4 0,7
Eragrostis spp (m-tt) 1.7 0.7 10 3 0.7
Diplachne aleusine (tt) 1.9 04 23 13 0,6
Sporobolus nitens (st) 5.3 1,0 7 4 0.4
Aristida berbicollls (mt) 2,2 0,k 9 4 ¢.3
Eragrostis suparba (mt) 4.7 0.8 5 3 0.2
Chleris virmata (ann) 2,6 0.5 3 2 0.1
Setarda frlabollata (st) 0.6 0,2 - - -
Sotaris sphacellata (tt) 0,7 0,2 - - -
Cymbepegen plurinodis (tt) 0.7 0,1 - - -
Hatoropogon contortis (aot) Q.7 0.1 - - -
Sporabolus spp (tt) 0.9 0.1 - - -
Avistida spp (n-tt) 0.4 0.1 - = -
Tragus berterorisms (ann) 0.9 0,1 - - -
urddentified grasses - 0.4 - - -
Cyperacaas - 0,2 - - -
forbsg - 1.0 - - -

*st, mbt, tt = shori, nedlum or tall tufted; stol = stolorifarcust ann = annual



T 120

grass specios would thus be intermediate between the two
masaures,

Other important specles include Panicum deustum,
which was uncommnon but well favoured where preaent; and
Digitaris argyrograpta and Sporobolus smutsii, which were
commonly grazed, but because of theilr short height make up
a lower proportion by quantity, Other Digitaria species
wera alao favoured, Dactyloctenium australe occured only
locally, but was well grazed where present,

A measure of the degree of preference showm for
different spegies may be obtalined by comparing their
relative abundance in the diet with grasslands ccmposition.
Such data are availsble only for the Zintunzin{ bush-
cleared zone; it {3 assumed that wheelpoint sampling of
grasslands gives an equivalent measure of relative sbun-
dance to recording food selection in terms of "plant
biges" (in Table 8).

The representaticn of most species in the diet does
not differ widely from their availability in the grassland,
Highest preference ratiocs are exﬁibited for Panicum

degatum, P, maximum and Urachloa mossambicensis, However,

tha short transition period at the beginning of the wet
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TAHIE 8, Relationship betwesn avnih.‘{rllitv and roprogentation in tho diet of
s cie ssland t

HWsod on cavparison of grazing records from the 2intunzird bush-clsared
sone, in tarms of no, of plant bites recorded (N = 45 sites, recording
2271 plant bites), with grassland campositicn froo the same regton, de-
tarmined by wheelpeint sampling (see Table 2),

short grass  tall Themeda hillslope Mean

grassland grassland Themoda prefarencs
grasaland ratle
spaciss avail, saten avall, esten avall, aa;nn
Themeda triandra 15.3 3.5 5.6 532 51,7 451 09
Fardem maxymim 1.9 5.6 2.1 5.2 2,7 4,3 2.3
Parntcum colorutim 26.0 19.7 17,8 20,0 10,2 6,0 0.8
Urochlos mossampicensis 13,9 23.0 1.3 2, 64 0 1.6
Pamioum deustim 0 6,7 0,5 0 4,7 21,5 43
Mgitaris spp, &b 2.5 11,9 46 164 83 0.5
Digitaria argyrograpta 15,1 10,8 4,5 58 $.4% 1,9 0.9
Bathriochloa insculpta 1.4 6,3 0.5 0.1 2.0 0.2 1.1
Sperebolus smutsii 9.8 12,9 t,s 02 0,2 0© 1,1
mchyﬁ aamloides .1 0.2 1.7 0.7 2.0 57 1.7
Bragrostis spp. 1,3 0,2 0,2 2.9 0.1 0.6 {2,3)
Diplachne sleusina 0 0 0 o 1.5 0 -
Sporcbeolus mitens 1,8 0.9 0,1 0 0,2 0 0.4
Aristida barbicallis 0.4 0 0,5 0.4 O ] 0.1
Eragrostls superbe 0 1.5 0,2 1.4 0 o4 -
Qiloris virgats 04 14 01 0 0 o (2.8)
Setaria flabellata 0 0 0 0 0.2 24 -
Setaria sphacellata 0 ) 0 0 1.5 2.4 (1.8)
Cyubepogan spp. 0.7 © 2,5 041 36 0.7 0,
Tragus berteromiams 1.2 01 041 © o8 0 0,1
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sedson when rhinos concentrated temporarily on the hillaide
grasslands, High preferences asuggested for other rarer
epecies (shown in parenthedes) are probably influenced by
spurious sampling. The positive selection indicated for
short grasa species in tall Themeda grassland is related
largely to the concentration of grazing attention on
termitarium asites; 28 of the feeding records in such grass-
land wera based on tefmitari;, which made up only 7% of

tha available grassland,

Cymbopogon plurinodis, a falrly tall, coarse grass
with a strong resinous odour when crushed, was consistently
avoided, and commonly remalned as isolated tufts within
short grass areas, Bothriochloa insculpta alspo has a
characteristic resinous adour, and is5 generslly regaxrded
as an unpalatible species. It was, however, well grazed
by vhire rhinos where it was short and mixed in with
other apecies, and I also con several occasiona cbserved
rhinos grazing into taller stands of Bothriocchloa during
the dry season.

There were some variations in the dietary represcn-
tation of difforent grass specles among the study areas.

At Nqutshenl and Gqoyini, Themeda triandra was less
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comnon in the short grass areas and hence in the food re-
cords than at Madlozi, whi{le woodland grasses such as
Papicum maximum, Dactyloctenium australe and Entergpogon
monostachyos were better represented, At Dengezi, short
grass areas werc of limited extent, end Digitaria

polevansii and Panicum deustum, more common on doleritic

solls  were more prevalent in the food records, At
Hiluhluwe NHorth, where short grass areas wore confined to
the occasional termite mounds and to localised lawvma of
Dactyloctenium sustrale in shaded sites, the mainstay of
the food seempd to be Themeds triandra, Panicum maximum
and Pactyloctenium australe,

Sandy aoil gransslands of the Themeda-Aristida com-

mmity were poorly reprcsented at Madlozl, However,
observations from other study arcas indicated that these
were not fayoured for grazing,

Other grasses of localised distribution are poorly
represented or absent from the feeding records. Hetero-
pogon contortis was confined mestly to patches of more
atony soll, but where present 1t.was closely cropped and

evidently being grazed, Echinochlba sp., grew on raised

mounds in the pans, and I observed rhinos feeding en it
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on occaslons, However, leas use than expacted waa made of

it, conaidering that it reeained green longer than tﬁos:

other grasses, Cynodon dactylon and Chloris gayana are
other pslatible species which were rare in the stﬁdy Areas,
and hence unrepresented in the feeding vecords.

Forbs made up only sbout 1% of the food iIntake, and
in most cases ascemed to be token in merely accidentally
when mixed in with grasses, However, at one early dry
geason site I found that scveral plants of the small 1lily
Scilla sp. had been freshed grozed, though I was not able
to substantiate the record by direct observation. Scdges
were rere in the vegetation and insignificant in the food,
On one occasion, I watched a white rhino pull a vine of
the family Cucurbitaceac out of the grass, and spend some
time chewing on Lit. I also observed a rhino chew on a
freahly pulled off branch af the shrub Euclea daphnoides,
and Player {1962) records a white rhine stripping off and

swallowing bark from the root of a Schotia brachypetala

tree, Similar chewing was alsoc observed on eccasions on
old dry branches and even on iran fencing standards, The
nutritional significance of such actions is thus ques -~

tionable, and they may be related more to exercise of
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tha jaw muscles and teeth.

3. Scasonsl trends

In Table 9, results have been analysed in relation to
graos condition, estimated in terms of degree of greenncss,
#n orderly trend from sprouting green grass in carly
summer to gencrally brown grass towards the end of the dry
acason would be typical of &n average year, In any specific
year, this trend is confused by the erratic nature of pre-
vailing rainfall patterns. Since food selectlion secemed
to be based more on cholee of grassland tyﬁe than on in-
dividual Bpecies preferences, grasses have been grouped
in torms of the community types within which each most
characteristically cccur,

In the Zintunzini bush-cleared zone, on account of
axcellent long range visibility, it was possible to map
the distribution of grazing rhinos among different grass-
land zones without bias, These data are presented in
ralation to specific prevailing conditiona in Table 10,
and have been averaged by month in Figure 5,

During the whole of the wet Scason, white rhinos

concentrated thelr grazing attention on the short grass
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FORAGE CONDITION

TAHIE 9, Trends in food

early lats mainly mainly brown brown

groen_ green  praen  browm groen

Dupation (as % of year) 17,5 28,5 23.5 14 12 4,5
Bo, of records:

sites b1 78 W 9 19 10

plant tites 163 2230 988 24 472 330
Koan grasg height (em):

bafore grazing 7.5 13 10 17 21 31

after grazing 3 5.5 3.5 é 9 15

Ropregentation in diat, by srasy gpoeleg group {as $ of total plant bitos graze
(1) Themeda grassland species

Themeda triandra 21,7 16.2 19.4 51,0 B8.8 133.%
Digitaria spp 3.1 4,7 5.0 4.8 0.3 12,7
Other apecissl 1.8 0.2 1.3 0 0,9 6.9
TOTAL _ 26,6 21,1 26,7 55.7 50.0 58,4
{11) Short prassland species
PFamcum coloratim 19.6 19,7 15.2 15.7 13.4 1.2
Urochloa mossambicensisil.9 17,9 9.5 0 5.7 0
Digitaria argyrograptaih,2 LA 6.b 1.6 5.8 g
Sporcbolus smutsli 6,7 L7 1.5 2,7 0 0
Other speciaes? 2,5 8.0 2.8 0 6.5 0
TOTAL 5.9 5,7 b55 20,0 254 1.2
(111) Shade grassland speciss and woodland
Pi.!ﬂmmg;:.ximn g.1 14,1 14,4 104 4.6 6.4
RBricum deustun a.2 2.8 0.5 0.8 3.6 28,2
Enteropogen monostachyosi,3 2,3 2.8 8. 2,1 0
Other species? 0 0.5 0.1 0 1.6 ©
TOTAL 10.6 19.7 17.8 19.6 11.9 .6
(iv) Macellanacus specles
Bothriochloa insculpta 4,3 2.0 3.4 0.8 046 0O
Othar spacles 0.5 2.2 4,0 1.2 7.2 0
ws' 0.2 006 Ol"+ 0 0 Z.b
l?o'rba 0.? 0.2 1-9 5-2 1-3 013

1Cymbopogon spp, Setaria Sphacelata, Bustachys pasmloidas,

2Mactylocteniun australa, Sporcbolus mitens, Tragus berteranlarus, Chloris
virgata,

3Diplachne eleusine, Setaria woodii.
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TAHIE 101 Shifts in the distritution of prazineg white rhinos among the
difforant prazsland types in relatlon to prevailing conditions

Bnsed on mapping locationa of gracing rhines in the Zintunzird

bush-elsared 20m0.

Tot. Aver, Zaon %an %on
pariod condtition of grassland rhinos rhinos short them- hill-
raa, present grasa- ada siope
land gress- them-
— lani ada graggl
21 Hov-12Dmo'68 hillside grasslands bupnt, 140 14 Jjo0 J0 39
flushing green
130mc-12Jan'49 grass growing mreen after 1% 13 62 37 1
good raing
t11hdy-15Aua'69 sarly winter, prass easming 35 &% 3 % 3
dry and brown
16-31 Ang'69  mid-winter, grass dry and 120 11 N = 8
brovn
1-30 Sept'49  late winter, grass dry, 59 5 7 5 ¥
first rains at end of nonth
1-31 Oct*49 sarly spring, pgrass green 137 b9 2 19
camencing growth
1-30 Mov*£9 mid spring, grass growing 257 14 720 23 ?
Jush and green
1-25Dwe' &0 late spring, grass green &5 10 73 16 1
slight drying
26Dpe~30Jan' 70  sumer drought, grass 61 8 L1 13
drying mgrmbr
1Jan-1Ray'?0 drought treken, but rains S i1 5% 2 18
aml grass growth arratie
1Par-May'70  press drylng mainly green 114 9 h 50 9
mainly brown
GMay-20Juna’70 pgrass green aftor late rains 23 9 3 70 0
1-31 Aug*70 mid-inter, grass brown 6 12 &8 21
ard dry - ’ P
1-13 Saptt 70 late winter, grass 4ry ¥ 5 a 35 5
t45ap-20ct?70 first railns, grass sproutingdl 7 L 4y 53
: green shoots
3=31 Oet'70 early spring, grass growing 3D 8 61 27 12
green
1-30 Rov'70 mid-spring, grasa growing 105 10% 35 50 15
lush and grean
iDec-11Jan'7! surmer drought, grass dryingh2 8% 55 26 19
m-grean
12Janl¥ar'7l  good reins bring themedi intoft 6 by 48 8
full flowering, then drying
mainly green
5-31Mar' 7t geod raina, grass grean 104 12 s 3 0
MEAN 9 i U7 1z
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grasslands, In conaequence, the composition of the food
while the greas is green closely approximates that of the
available grasses in this community type (Tables 8 and 9},
The short grasa areas on the Zintunzini flats were
aspecially favoured during this period, sttracting large
numbhers of grazing rhinos (Table 19). Most of the grass
selected then was under 15 ¢m in height, though some

attention was pald to taller stands of Panicum maximum,

Themeda trisndra was kept closely cropped generally only
where it was mixed in with short growing apeccics, and
standa where Lt predominated grew into long grass,

As conditions became dryer, increasing use was made
first of Panicum maximum growing under tree canopies, then
of woodland grasslands characterised by P, maximum and
Entercpogon monostachyoa, This trend is not clear out in
the data presented in Table 8, since I collected fewer
records from woodland areas; but is supported on many hours
of direct obaservation, Furthermore, during the peried
19 March- 8§ May 1979, 1 made-almost daily cobscrvations on
the activities of onc particular cow-subadult pair. The
animals were located cach day by radio-telemetry and then

watched for several hours, so that an objective time sample
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axpended the apparent extent of short grass. Later rhinos
were observed grazing within areas having 2 general cover
of tall Themeda of 30-50 em leaf canopy height. Howeowver,
they continucd to nibble away at the short grasslands
through the dry season, so that these were ultimately re-
duced to stubble,

Towaxrds the end of the dry season, increasing use was
made of the less acceasible tell Themode grasslands grow-
ing on hillslopes (Table 10), The Madlozi dats gre
supported by more extansive obscrvations made during the
aerial censug of rhinea {n mid-August, 1970. In 1970
there was a striking influx of rhinos onto hillside arcas
immediately following the arrival of the firat spring rains,
which fell on 13 September, This is not evident in Table
10, since the animels favourcd an area a short distance to
the nerth of the Madlozi study area, The foeding recordé
esgigned to the transitional period of brown grass tonding
to green were mostly obtained during this period (Table 9,

colummn 6). The grasses particularly favoured then were

Papicum doustum and 2 tall Digitaria species, probably
either D, pentzii or D, macroglossa, These two apecies

were the firsc of the tall grasses to sprout grecn shoots
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within a few day§ of the rain, Lesser attentlon was paid
by thinoa to short gross areas until these had put on sig-
nificant groweh, then the hillslope grasslands werce largely
abandoned,

The hillslope Themeds grasalands were also being ex-
tensively utilized by white rhinos when I returned to
Madlozi in November 1568, Thias area had then becn frashly
burnt, and the grasscs therce were aprouting succulent groen
shoots, while poor spring rains had not yet produced much
growth in the short grasslands. Animals ranged as high as
the crestline of the hills ar 500 m. Some of the individuals
ochserved at this time were strangers not subsequently en-
countered in the study arca. Following the arrival of the
firat geod rains {n early December, the rhinocs abandoned
thﬁ hillsides and tranaferred their atrention to the short
grass arcas below.

Conditions during the study period 1968-71 were to
some extent atypical, ss a result of the cumulative effects
of the series of drought years running from 1967 through
1970, An increasing cxtent of wﬁa: had been tell Themoda
grassland was kept In a closely cropped state year-rouhd.

CQnseéuently an increasing degree of utilization of areas
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mapped as tall Themeda grassland earlier in the season i3
evident over this period (Table 10). In 1966, a year of
good summer rains, I noticed little use being made of
Themeda dominated grasslands until late May. During March,
1971 at the end of the wet season, the distribution of
rhinoa among grassland types was similar to that recorded
ovar the period late July-carly August, 1969, under mid-dry
season conditions. Extensive scctions of formerly tall
Themeda-Panicum grassland by 1971 presented the aspect of

a short grassland,

4, Quantity of food caten

I had only a aingle opportunity to weigh stomach con-
tents. The wet weizht of the grass in the stomach of an
adult female which had died two days earlier from perit-
onitis was 72 kg, This would represent about 4,57 of body
weight, The cow was either non-pregnant, or in only the
carly stages of pregnancy, and was not lactating (the

uterus had becn destroyed by vultures).

cugsion
The white rhinoceros {3 a gross fceder adapted for

the rapid intake of the large quantitics of food necessary
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to aupport its great bulk. Selectivity is confined mainly
to the chalce of particular grassland types.

For most of the year, white rhinos favour short grass
areas which offer froshly sprouting shoots of highly
nutritious ferage. These aress contain a variety of grass
spacies growing clesely interspersed. Creeping grassecs
such as Urochloa mogsambiccnsis, Panicum coloratum and
Sporoblus smutsii have a relatively low ratio of structural
cellulose to cellular contents, and thus offer high nu-
trient levels, The same applies to the leafy material
available from closely cropped roscttes of Themeda

triandrs and Digitaria srgyrogrepta. Penigum maximum and
B. deustum, though basically tall-growing, are "soft"

granses with a high leaf to stem ratio., Analysis of
material collected by Downing showed that they offexed
protein Iévela averaging almost twice that of whole plant
samples of tall Themeda triandra (Table 11}, Thus, white
rhinos clearly concentrate on the most nutritious grass-
lands available, Diversity may be an additional factor
in choice,

Such short grass ercas are not only highly favoured

by white rhinoa, but are alsc probably to a large extent
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TABLE 11, Protein contents of =thole vlant samples of threo %ass specles
forant soll tvpes (data frem Downdng, 1972

SOIL TYPE

SPECTES illoviated aluvlated sandy
bottonland hilltep solls
olay solls clay soils

Themeda triardra 7.8 [ 5.9
RArnteum deustun 12.6 7.8 15.9
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created by thelr sustained grazing pressure. Erect grow-
ing tufts of Themwda trisndra incur proportionately greater
defoliation than decumbent species, Thus the vigour of
plants of Themeda 18 reduced, and they may be prevented
from reaching seeding stage. With the opening up of the
laaf canopy by grazing, more light reaches soil level and
further stimulates the growth of shorter species., Thus a
trend is initiated towards decreasing representation by
Themeda triandra and increasing abundance of short growing
species. In the absence of grazing pressure, short grass
grasgslands would 'probably be restricted in their occurrence
to localised patches on termite mounds and to shellow soils
on ridgecrests, The effecta of the heavy grezing pressure
axerted by white rhinos and other ungulates are clesrly
evident at the fenced-in grazing exclosure plots set up

in 1967, and i{s also demaonstrated by the extensive arcas

{n Umfolozi which retain only a short grass cover,

Soil type alsc influences the nutritive content of
grasses. Grasses growing on fertile hottom-land soils
exhibit conaiderably higher protein contents than plants
of the same species growing on eluviated upland soils or

.aandy soils (Table 11), Downing (1972) suggests
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that the paucity of the grasa cover on the deep alluvial

8oils characterised by scacia grandicornuts woodland 1is

a reaylt of excessive grazing pressure on the more palatible
grasses growing there, The grasslands in the bugh-cleared
zona below the Zintunzini range, a highly favoured prazing
area during summer, are based largely on illuviatcd acils
transported from the dolerite-based hillslepes; here, in
contrast, the grass cover generally seemed to be standing
up well to the Intense grazing pressure, In the cast of
the Madlozi study area, a section of tall Themcda-Panicum
grassland ‘based on sandier soils was relatively little
used by white rhinos. Extensive areas of tall grasaland
around Mpila and in other parts of the resexrve which were
1little frequented by white rhinos were assoclated with'
largely sandstone based soils.

The short grass grasslands provide food only during
the growing season, To carry them through the dry season,
the white rhinos are dependent on remaining reserves of

tall Themeda gragsland, This dry forage is probably sub-

maintenance in protein levels (see Thornton, 1968), and
the animals chus lose condition steadily while feeding

on 1t. Subcutaneous fat deposited during the wet
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season (see Selous, 18%9) probably assists L; carrying the
animals through this period. Critical conditions could
arise should the period for which the animalg are forced to
roly on this substandard diet be unduly prolonged.

Bell (1971) and Jarman (1973) discusas comparative
food-geeking strategies smong ungulates. Non-ruminants
are less efficient than ruminants in utilizing food ingeated,
but compensate by faster rates of food pasaage through the
digestive system, The more rapid food procesaing may allow
pon-ruminants like the rhinoceroses to extract more pro-
teln per unit.time from low quality £ibrous forage,
Furthermore, because of lower metabolic rates, animals of
large body size lose weight relatively more slowly on
submaintenance diets than smaller-bodied species., Thus
a large~bodied non-ruminant should be able to survive
better than other competitores on coarse forage of low
nutritional content. This relationship between forage
choice, body size and digestive techniques has been
termed the Bell-Jarman principle (Geist, 1973).

The hippopotamus 1a the lsrgest bodied species with
ruminant digestion, though it docs not chew the cud like

Artiodactyls, Like white rhinos, hippos show a preference
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for a leafy ghort growing greases (Field, 1966, 1970},
Tho African buffalo, which 43 the next largest African
ruminant, feeds largely on taller growing coarser grnsseé
(Pleld, 1966)--1in contradiction to the predictiocna of the
Bell-Jarman Principle, However, Field relates the food
choice by the hippo to its relatively incfficient diges-
tive system (in comparison with other ruminants); and to
the use of the lips to crop the grasa (coarse fibrous
grasses tend to slip between the 1lips). Hippos are year-
round grazers, but rely largely on grasses growing on
the presumably.more fertile alluvial soils bordering major
rivers, Buffalo do some browsing of shruba such as
Capparis tomontosa during the dry ascason.

Elephants are the largest non-ruminant herbivores,
The &frican elephent fceds on tall coarse grasses for
much of the year, but during the dry season favours browse
and the basal parts of certain grasses, which then offer
highe- protein contents (Field, 1971), The white rhino-
ceros i8 thys the largest entirely gramniverous non-
ruminant, From examination of fe;al material, it is
evidently a poor digester relylng on rapid throughput

to secure its nutritive requirements, However,
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ascemingly in violation of the Bell-Jarman principle, it
shows greater sclectivity for more nutritious forsge than
either the zebra (Bell, 1970) or buffalo, both of which
may be characterised as long grass grazers. However, the
Bell-Jarman Principle does not imply that large-bodied
non-ruminants should prefer coaraser forage; only that they
are batter able to survive on it., The 1lip feeding tech-
nigque of the white rhino allows it to crop grass mere
closely than either zebraa or buffsloa, both of which rely
on the 1ncisorh. This enablea it to make better quantita-
tive utilization of short grasses. Since these offer
bigher nutrient levels, it iz natural that the white rhino
should prefor to feed on such grasses as long ss they offor
a sufficient quanticy of food material,

During the dry season the white rhinoceros fecds
relatively non-selectively on tall dry grass of low
nutritional content. Its low body temperature and slow
pulse rate (Section III.A.,5), coupled with its large bhody
size, indicate that its metabolic rate is probably con-
siderably lower than that of coﬁpetitor specles except for
the elephant, 1t thus incurs a relatively slaower rate of

decline in body conditien when subsiating on such forage.
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The white rhinoceros is hence especially well adapted to
survive periods of feeding on aubmaintcnance diets, Its
grazing competitors rely inatcad on some browse or other
high quality food to supplement the diet during critical
periods; or, in the case of zebras and wildebeest, use
high mobility to seek out areas of better quality grass-
land,

However, lhere mst be lower limits to the nutrient
levels that the white rhino can tolerate in the winter
forage, below which less in body weight would become
critical before the rcturn of tlx wet season., This pro-
bably explain the distributionel absence of the specles from
the more productive grasslands of the wetter regions,of
southern Africa, Grasses in such arecas tend to grow
taller, and thus to have higher fibre content, making
them relatively less nutritious when dry,

The white rhinoceros actively transforms extensive
areas of grassland into the short grass aspect which
offeras it the highest food productivity, in terms of
amount of palatible foad produccd.per unit area, At the
same time, it 18 dependent on reserves of better quality

tall Themeda grasslend to carry it through the dry season
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with the minimum weight loss. It is the decreasing extent
of tho latter that is likely to becomx the critical factor
in the ability of the vegetation at Umfolozi to support

the white rhino population, The increasing attention

being peid to poorer quality hillslope grasslands must lead
to a more rapld loss in weight during the course of the dry
seagon, so that a less prolonged drought would be needed

to cause this to rcach serious proportioms,

B, OTHER MAINTENAMCE ACTIVITIES
1, Brinking

During nﬁmmer, wien pools were plentifully scattered,
rhinos paused to drink at any time of day when they
happened to be passing one of the pans., Some rhino groups
were 8een to drink twice during the course of a day under
such conditiona, Usually drinking then lasted only a
minute or two,

During the course of the dry seeson water supplies
became increasingly restricted, and rhinos were farced ro
undertake a special journey to one of the remaining water-
holes. The trip to water usually commenced in the late

afternoon, and peak numbers of rhinos asrrived at water
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at dusk and during the carly part of the night (Figure 6).
Racords indicated thot an average of 60N% of the rhinos
drinking i{n any one day arrived at water between 1700 and
2100 hours, A further 26% appeared during the remaining
part of the night, and only 14% drank during daylight hours.
The exact timing of the drinking peek depended upon pre-
ceeding weather condirinns., On a cool, overcast day,
thinos became active earlier in the aftcrnosn, and began
arriving at watcrholes before dusk. After a hot day, the
afternoon resumption of activity was delayed, and peak
numbers of rhinos were not recorded until 2000-2100 hours.
Mnimals arriving at water during the dny were likely to be
local residents, usually bulls, Rhinos coming from afar
were more likely to be late arrivals, though locala some-

times also appearcd late.

Rhinos, particularly bulls, somctimes remained standing

quietly in the vicinity of the waterhole far several
minutes before moving down to water. Animals drank decply
with 1lips immersed for seversl m;nutes at a time, inter-
rupting such spells to pause briefly with hoad 1iftred
(Plate 10), After drinking they departed whence they had

come, Occasionally wallowing took place following drinking,



FIGURE 6, Schedulg of drinking activity at watgrholes, late dry sgamgn

Compoundad from indpendent cbsarvations at’ different waterholes
on different days; figuraea indicate total number of rh:l.nos
recorded drinking in each time interval.

% RHINOS DRINKING

4 16 18 20 22 24 2
TIME OF DAY
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The total time spent at water varied from 2 to 25 minutes,
-with a mean of 12 minutes.

During a 24-hour continuous watch carried out at the
Madlozi Spring Fool over 4-5 July 1966, waen this was the
most favournbly located water source for rhinos in the
study area, 42 different rhinos appeared at the water,
During three all night watches carried out at the upper
Mphafa Pool during July and August :;f 1969 and 1970, from
14 to 27 rhinos were recorded, The only alternative water
source within study srea limits then was the Nyonikazane
Spring, It was not fecasible t> count rhinos drinking at
the spring, because of the cxtended distribution of the
water, Study arca animnls were known to divide thair
attention between these twn water sources during the late
dry secason, The upper and lower Mphafa Pools carried
water until late August or cerly September durlng the
study years, while the Nyoniknzane Spring flowed yeer-
round, Beyond this, water was availsble nnly at the two
rivers, 2.5-4 km beyond study arces limits, At the Gyoyini
Rhino Hide pan, on 16 2ugust 1370, B0 rhinos were recorded
drinking between 1710 and 2335 hours.

The numbers and identification of animals recorded
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drinking at waterholes, in relation to the known rhino
population of about 200 individuals in the Madlozi 8 tudy
area, made it clear that rhinos did go: need to resort to
water daily. Four separate lines of evidence ygfe used to
estimate the late dry season intervala betwcen successive
waterhole visits:-

(1) From 8-12 August, 1970, I monitored the appreach to
the Mphafa Pool radio-telemetrically during the peak
drinking period, Onc transmitteorised cow (0) was recorded
drinking three times at two day intcrvals: at 2050 hours
on 8 August, ar 1958 hours on 10 fugust, and at 2020

hours on 12 August, 2 gecond transmittorised cow (P) drank
twice with a three day interval: at 1730 hours on 9
August, and at 1740 hours on 12 August, To confirm that
drinking did not take place elsewhere on alternate days,

1 radio-tracked the cow P on the evening of 13 August,
Har movements before being located led away from water,
and when found at 1850 hours she had lain dowm to rest,
still 4 km away from the Mphafe pool, & radio signal was
also received the same night froﬁ the cow 0 from further
to the nerth, even further sway from water,

(11) Over the ten day period 26 August-4 September 1970,
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I determined the positions of al) transmitterised animala
three times dally by radio-telemotric triangulation, The
cow P showed distinct movements to and from'the direction
of the Mphafa pool at 4 day intervals (8ce Figure 25).
The movement patterns of other individuals were less casy
to interpret, but were suggestive of 3 day intervals be-
tween drinking,

(111) I carried out watches at the Lily Pan on 6 out of

7 consecutive days over 29 July-4 August 1971, and at the
Mphafa Pool for 8 out of 9 consecutive days over 27 August-
4 September 1971, during peak drinking houra, Analyais of
the intervals between the reappearance of recognisable
individuals indicated the following distribution of drink-
ing intervals (N = 26):. 1 day--17%; 2 days--19%; 3 days--
46%; 4 days--18%., However, some individuals could have
drunk elscwhere, or at other times, during the interim.
{iv) There appeara to be a rough correlation between time
apent Jdrinking and the interval between reappearances

(see following page). These data suggest that about 5
minutes 1s spent drinking for eaéh day absent, On this
assumption, records of time spent at the water by drink-

ing rhinos indicate the follewing distribution of drinking
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intervals (¥ = 69): 1 day--23%; 2 days--32%; 3 days--
23%; 4 days--22%,

interyal between regppesranccsg time spont st water {min)

"1 day 5,3,7,6, 1,5
2 days 13, 5

3 days 13, 11, 8, 14

4 days 22, 13

Reconciling these various observations, it seems that
the late dry season interval betwecn successive waterhola
vigits veriea between 1 and 4 days, with a 2-3 day interval
baing most u;ual. Animals that happen to be feéding close
by waterholes are those likely to drink at 1-2 day inter-
vals, while those that have further to travel may drink
only every third or fourth day,

Individual animals were howcver not consiatent in
thaeir usage of different waterholes, nor in their times of
drinking, over longer perleds, There are year to year
varistions in the periods for which differeant waterholes
may hold water, For example, in 1966 the Lily Fan driad
up in lete March, but was partly refilled by subsequent

rain and thea held water until late May, In 1969 and
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1970 it held water until July, and in 1971 into early
Auguat, Very small seeps of water frcm-Sprihgs may also
ba used, In August 1969 the Madlozi Spring filled only
four very small pools mensuring 30 to 50 cm across, ﬁnd
not more than 5 cm deep. During an all night watch, four
thinos drank there, The animals sucked the pools dry, then
stood patiently wairing for them to refill, spending about
three hours in all in the vicinity, In 1970, this spring
had run dry,

Drinking places at the two rivers are usually lo-
cated where rock ledges jut out to the water's edge.

These offer the rhinocs a more sccure footing than loose
river sands (Plate 10b).

Schenkel (1969) found that black rhinos in Taavo
National Park, Kenya, drank only every 4-5 days, Howcver,
in Hluhluwe Geame Reserve, wherc water is plentifully
diatributed, individual black rhinos drink nightly
(diechins, 1971),

I have no data on the quantity of water drunk, Van
den Bergh (1955) reported that white rhinos in the Antwerp
zoo drink 60 litres of water per day in winter, and 80

litres per day in summer, If wild animels have the same
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water needs, and drink only every fourth day, they would
need to take in 320 litres (i.e,, 15-20% of sdult body
welight) at a time--which scems impossibly high, Probably
white rhinos are able to get by with reduccd water intake
during the dry scason. Though they do not need to drink
daily, as 13 the case for the *frican elephant (Laws, 1570},
they remain water dependent, and this has consequences for

theilr dry scason distribuytion.

2, Mineral Requircments

X occas%anally observed white rhino calves nibbling
at and apparently ingesting the soil from around termite
mounds, However, adults were not seen doing this, No
mineral licks are known within UCR, Soils in bottomland
areas carry high concentrations of calcium and presumably
other sinerals, and springs arc reportedly usually fairly
aaline, Presumably the animals arc thua sble to saclsfy
their mineral requirements adequately from their food and

water,

3, Wallowing
Wallowing 15 a common activity during the wet acason.

Two forms of wallowing nced to be distinguished: (i)
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rolling over in mud; (i1} merely lying in a pool of water,
Bafore mud wallowing, a rhino cnters and then lies
down in one of the pans having & shallow pool of muddy
water, It then rolls partially over, first on one side
then on the other, Sometimes individuals merely rolled
briefly on each side, then left the wallew. On other
occasions, rhinos rolled over almost on the back with the_
feet in the air, so that the whole body became plaétered
with mud, except for a narrow strip down the median dorsal
line; and remained lying in wallows for a total period of
up to 15-20 minutes, rolling over scveral times, Most
commonly, mud wallowing lasted from 2 to 10 minutes,
. Pools which had evaporated down so that only a thin
layer of water covered a thick deposit of mud were es-
pecially favoured, Thesc were stirred to the conailstency
of liquid oud by the movements of the rhinae, and gave a
well adherent coating of thick mud plastering the body
(Plate 10c). In mid-surmer, when most pools were well
filled with water, only a thin mud covering was obtained,
In several cases, a rhino dug its horn vigorously into the
mud bofore wallowing, This action seemed to serve to teat

the consistoncy of the mud, Sometimes, when the mud was
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vary thick, wailowing did not follow, and the rhino walked
off with a large blob of mud adhering between the two horns.

Imnediately following a mud wallow, rhines gspent 10~
20 minutes rubbing various parts of the body against
suitably shaped stumps or inclined trces, Specilal attention
was pald to the groin and axillary regions, also to the
underside of the belly, the insides of the legs, the neck
and sides of the head, and the flanks, Animals somctimes
gquatted to bring the pubic region in contact with a stump,
then swayed back and forth in this awkward posture, 4s a
ragult of usage by rhinos, stumps and inclined tree trunks
in the vicinity of pans exhibit smooth polished surfaces,
Projecting boulders may also be used, but were rarely
availsble at Umfolozi. The remains of ticks may be found
in the mud rubbed off on stumps,

Rubbing of parts of the boedy agalnat treea also occurred
independently of wallowing. The horns were frequently
rubbed against trees, particularly on cloudy days when the
animals spent less time alecpingt Such horn rubbing
appearcd gentle and was not frequently observed, yet the
horns exhibit considerable wear. In one case, the pro-

tective fibre-glass covering placed over a radio
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transmitter assembly had been worned dowm sufficicntly to
open up the transmitter cavity fiftcen montha after placc-
ment. Bulls which had cable fencea within their ter-
titories oxhibited characteristic grooves on the anterior
surface of the second horn, evidently from rubbing ageinst
tha fence line,

In pool wallewing, a rhino merely lay dewn quietly in
& pool of water 0.3-0.6 metres deep for periods up to
everal hours (Plate 10d), Rhinos also sometimes lie in
shallow water in the two rivers,

Rhinos frequently lay down in patches of loose sandy
soil, but did not roll cver, and did not secure any dust
cover., Dust wallowing, as reported for black rhines in
Egst Africa, (Schenkel 1969) was not cbserved.

Mud wallowing was most often observed during the
midday period, cither just before the animals settled for
the midday rest, or more commonly at the commencement of
the afterncon activity period (Flgurce 7a). However,
wallowing was also commonly performed at other times of
day, I cbserved it in the carly éorning, at dusk on a
cool overcast day with a stecady wind blowing, and at

various times of the night. Lying in a pool was more
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PIGURE 7. Wallowing frequency

8. DRiuyrnal variation in wallowing fregquency

Pigures represent sample sizes
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closely tied to the midday pericd, though occesionally
it occurred at other times of day,

Most rhinos encountered during the summer ﬁonths ex-
hibited a fresh mud cover, or the dry remnants of an old
ona. During the winter months, when pans became dry,
wallowing was infrequent (Figure 7b). Mud wallowing was
cbserved with equal frequency during the early summer and
late summexr months. Lying in a pool in contrast occurred
more frequently during the carly part of summer, when the
anipals were more active over the midday peried (sce next
section),

Lying in pools may functicn in getting rid of excess
body heat, aince water temperatures over midday are likely
to be lower than slr temperature, Application of a damp
mud coating to the body could have the same effect,
through evaporative cooling, Howcver, only a week relation-
ship between mud wallowlng activity and ambient tempera-
ture conditions was noted. During the summer drought of
1969-70, all pans ran dry, and rhinos were unable to wallow,
Deapite temperaturea of up to 40°C; they showed neo obvicus
111 effects,

The availability of pools offering the ideal consistency
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of mud scemed to be a special astimulua for wallowing. The
aetion appeared directed particularly towards the ac-
quisition of a thick coating of mud, Swarms of biting
flles are usually associated with rhinos (Secfton-VI.C),
and the mud covering could funétion in inhibiting their
attentiona, Ticks are zemoved by the rubbing action,
Retoparasites may be presumed to be less active during the
cooler winter montha, when wailawing wns infrequent,
though flies occurred om rhinoa over this period,

~Wallowing is alsc frequently indulged in by black
rhinos, elephants, buffalos and warthogs, These are all
apecics in.which body halr is either sparse or lacking.
Special heat regulation problems eoxist for large-bodied
speciea like the rhinoceros and elephant, but not for
warthogs. All are however particularly vulnerable to the
attention of blood=gsucking flies,

It thus seems that the prime function of mud wallow-
ing 18 to reduce the irritating attentions of ecto-
paragites, and that functions Iin heat regulation are
gecondary, A similar conclusion.was reached by Schenkel

- (1969) for the black rhinos,
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4. Reating

Spells of feeding were interrupted by periocds of one
to several hours spent veating, Usually rhinos lay dowm
to rest; at other times they rested standing with heads
held low, almost touching the ground, In 157 observations
in which resting postute was recorded, 122 or 821 of the
animals were resting lylog down, During resting, diminished
responsivencss to the surroundings was shown, and the eyes
were ufually closed, Ear movements continued, though at
a slower frequency than when alert., Resting rhinos fre-
quently revealed their presence to me by deep sighs or
inteatinal rumbles, They seemed to spend most af the
resting period dozing between light and deep sleep.
Resting rhines could readily be approached closely from
dowmwind, but an upwind approach or sharp sound startled
them into wakefulness, At intervals they shifted position,
or stoed up for several minutes, before lying dewn again,
One adult male watched resting from Q0807 to 1797 hours
stood up for periods of 117-35 minutes at 0823, 1155 and
1600 hours, An adult female watched from 2807 to 1120
stood up briefly for 4-15 minutes at 0%40, 1030 and 1053

hours, &nother adult female watched from 1021 to 1330
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rogse briefly at 1132 and sgain at 1248,

During the night and early morning, and on cool cloudy
days, rhinoa usually lay down to reat wherever they
happened to be, During the night and at dawn, patches of
loosa sand, such as ceccur in sandstone localitles, in the
beds of watercourses and ca riverbanks, were favoured
locations, Presumably thiz avolded the dewlness of grassy
areas,

A long midday rest running through the hot hours of
the day lasting several hours was normally taken during
warm sunny wéather. For this purpose, the animals re-
sorted to certain favoured rest places, marked by the
bare soil under several adjacent shady trees (Plate 10f),
Thesa were usually located on the crests of low ridges,

a situation which is cogler and more breezy than lower
lying areas. Resting places did not belong to any one
individual, but were used communally by most of the rhinos
that had been grazing in that vicinity earlier in the
morning, Animals congregated in great slumbering heaps,
lying spaced a few metrea apart under the same tree or in
the shade of adjacent trees, In January, 1969, I recorded

12 separate individuals or pairs totalling 21 rhinos all
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lying within a diameter of about 100 metres., Under the
milder temperature conditions of winter, the movement to
especislly favoured resting areas was less marked, and
frequently any handy shady trea was accepted for a
ghorter midday rest,

Hitching (pers., com.) noticed that black rhinos
nearly always lay facing dewvmwind, an orientation which
would allew them to detect an intruder approaching from
behind by scent, However, resting orientations recorded
for a sample of white rhinos showed no striking relation-

ship to wind direction (Figure 3).

5. Moverents

Much movement occurred while grazing, Sustained
periods of ateady walking were restricted mostly to jour-
neys to and from waterholes, or towards resting ereas,

Clear trails radiate inwards towards drinking pools
and less strikingly towards rast-places. Rhines usually
followed such trails when travelling to water, walking
slowly with head held low, Sometimes broad sinuous marks
were found in sand where the mouth region had dragged

alang the ground for several metres, suggesting that
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PIGURE B, Resting orientation in relation to wind direction

figures indicate number of times each orientation
was racorded, in 45* intervals (N = 32 gbssrvations)
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tactile contact might assist the following c;f trails at
night., The nostrila also maintein cleose contact with the
ground, and can presumably detect olfactory stimuli from
the passage of other rhinos, One bull was watched at s
three way trall fork, exploring sniffing along one branch,
shifting acroas to sniff at a second, then choosing the
third branch, Some of the trails leading to the Nyoni-
kazane Spring could be followed for distances of over

5 lm,

Digtinct trails also cross high ridges and hills and
presumably aid long distance movements, such as may be
made to the vicinity of the rivers in the late dry season.
Other trails led through patches of dense woodland, but
became less clear on lesving the woodland,

Rhinos were sometimes seen moving in the direction of
water without following any trail, However, in these
cases the individuals concerned were resident territorial
bulls, which were undoubtedly familiar with the lecation
of nearby waterholes, It would seem that the network of
trails could be valueble in assiating the navigation of
{ndividuals leas familiar with the region. Since most

rzails eventually lead to waterholes, it would be possible
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for a stranger to locate water simply by selecting and

following a trail marked with abundant fresh rhino scent.

&, Responscs to unfavourable weather

On cool cloudy days with a strong wind blowing rhinos
wero hard to find. Those that were located were frequently
standing quietly in patches of denser woodland such as
those flanking watercourses, I kept a watch con one group
for several hours on a mild overcast day with a brisk wind
blowing. The 2aimals remained within a low-lying well-
wooded area where abundant Puclea shrubs broke the force
of tha wind, They fed and rested in short apells, but
moved arcund lirele,

No avoldance of raln was cbaerved., Rhinos oftem con-
tinued feeding through & rainstorm, though during very hard
rain they simply stood or lay down where they happened to
be, T watched one group of three rhinos during a heavy
aarly morning thunderstorm which wes coupled with a hard
driving wind; the temperature was about 22°C, The animals
astood heads low in the open, though thicker woodland was
present close by. An orientation of abgut 1002 to wind
direction (i.e. side-an) was maintained, After standing.

in this way, with a little shuffling around, for 48 alunutes

the animals resumed feeding in the rain,
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Playfulneas and activities such as rubbing the horn

on 2 tree were cemmonly observed on rainy days, posaibly
because it was not necessary to spend as much of the day

slesping as during hotter weather,

G, TEMPORAL PATTERNING OF ACTIVITY

Introduction and metheds

The 24-hour diel cycle {3 associated with fluctuations
in cenditions of light and darkness, in ambient temperatures
and in radiant energy flux. Thus, certain times of daf
are likely to be more favourable for particular activities
than others, Hﬁite thinos are most conspicuous during
the eariier morning and late afternoen, and may also be
encountered moving around near the roads at night., During
the midday periecd, animala are mestly seen lying down in
tha shade of trees.

I noted the activity of all rhinos encountered, and
kept an ongolng record of the activities of all animals
maintained under continuous observation, Eight activity
categories were discinguished: (1) foeding--major atten-
tion devoted to ingesting food, somectimes coupled with

directed movement; {11) wallking--sustained locomotion
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with little or ne feeding; (111) standing--remaining
stationary but slertly meare of the surroundings; (iv)
resting--either lying down, or atanding drowsily with head
low, displaying diminighed attention to the environment;
(v} wallowing and subsequent rubbing; (vi) drinkine; (vii)
various sccial interactions; {viii) disturbed by my pre-
sence, Weather conditions were noted as follows:~ (i}
degre; of sunshine: fine--clear unobscured sky; fair--
oceasional clouds passing cver the 2un; partly cloudy--
roughly equal spells of sunshine and cloudiness; cloudy--
only occasional sunshine; overcast--completely obscured
sun} in the subsequent analysis, fine or fair days
repredent sunny conditions, and cloudy or overcast days
c¢loudy conditions; (i1) tcmperature categories were
estimated subjectively and correlated with the following
ranges: rather hot--429C+; hot--37-41°%C, rather warm
32-369C, warm 27-319C, fairly warm 22-26°C, mild 17-21°C,
cool 12-16°C, cold 11°C-; (111} wind speeds were estimated
in terms of the Beaufort Scéle of wind force.

The major activity categories of resting and feeding
were usually engapged in for spells of several hours,

Accordingly a unit activity period of 15 minutes was
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used in anaslysing results, Thus, a group of 4 rhinos
watched for 3 hours would yield 12 data units, Inter-
ruptions of activity occupying 7 minutes or less were not
counted, Single brief observations of activity were re-
garded as occupying the whole of the 15 minute interval
in which they were recorded, Activitiecs of juvenile
animsls were inconsistently recorded, and are omitted in
caleulations. A sum total of 18,891 fifteen minute

activity units was roecorded.

1, Basic doily activity schedule
On a sunny'dny, a rthino group typlcally showed the

following scquence of activities (see Figurea 9 and 14):
(1) at dawm, during the wet season, some animals lay down
reating while others grazed; (ii) thore was a midworning
feeding spell commencing shortly after damwm and running
thzrough the mid-morning hours; (1i{i) as conditicns became
warmer during the later morning, the animals moved in
towards the resting areas; here they dozed through the hot
midday hours; (iv) as temperatures cooled off during the
later afterncon, the animols became active again, and

there was a second feeding spell running into the evening;
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(vi} during the dry seasom, when water supplies were re-
stricted, the trip to the drinking pool was commenced 2t
around dusk; (vii) during the remainder of the night,
animale grazed end rested in slternate spells; there was
a predominance of feeding during the early part of the
night, passing over inte & predominance of resting during

the second part, which continued through to dawn (Fig. 1l1).

2, Seasonal variations

Seasonal changes in temperature and in rainfall as
reflected by forage condition (Fig, 10) were sasocisted
with variations .in daily activity patterns (Fig. 9).

During the hot late summer months (January-March) a
long midday rest was taken, and fewer than 50% of rhinos
were active between 1900 and 1530 houra, On hot sunny
days some individusls commenced dozing soon sfter 0800,
and d1d not rouse again until 1600 hours (Fig, l4a), Less
overall time was spent in feeding during daylight hours
than at other sessons; but this may be compenaated during
the night, for which I have little information,

Temperature conditions were milder during the autumn
and early winter months of April-June, but average forage

qualicy was similar to that recorded in summer, aon account
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PIGURE 9. Diurnal activity pattern - seasonal variations
{sunny conditions only) .,
Pigures indicate sample sizes in 15 min.rhino activity units
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PIGURE 10.Seasonal variations in weather and forage

dition durin

Average conditions prevailing between Nov.1968 and Aug.l971.

the stud

eriod

SUNNY DAYS
35 'WNNY
MEAN °C 25- DAILY MAX.
TEMPERATURES i
15 c}?ﬁﬁf:iﬁﬁf‘*~1}_____ij
: 80
MEAN MONTHLY
RAINFALL M eo-t
20
BO-
MEAN GREENESS
OF GRASS INDEX ° 40+
AVERAGE 20 BEFORE GRAZED
GRASS HEIGHT cm

J=Hr. ditterential

OCT.~
BEC.

APR-
JUN

JuL-
SEP

JAN~
MAR.




170

PIGURE 1l, Nocturnal activity pattern*’

Pigures represent total sample sizes, in 15 min. rhino
activity unita,
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of the aummer droughts and late rains that characterised
the study period, During this period, fewer than holf the
animala were active only from 1100 to 1450 hours, On mild
sunny days with maximum temperntures under 26°C, some
animals grazed through the midday period {Fig. lic).

Over the late winter months of July-September, tem=
peratures averaged slightly higher than those for April-
June, and forage was restricted mainl; to tall dry grass,
Less time was spent feeding during the day then over the
preceeding three month period, and the early part of the
evening wns taken up with the journey to and from water=-
holes (Fig. 11). Results however exaggerate the latter
effect, since more night obaervations were made in the
neighbourhood of waterholes where more rhines were likely
te be encountered, Other observations {(Section B) in-
dicated that only about one third of the snimals were
likely to drink on any one night, Higher levels of
feeding occurred during the second half of the night, and
the dewn resting period disappeared.

The first apring rains usuall§ arrived in late
September, initiating o growth of fresh green grass,.

Under these conditions a considersable emount of restless
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feeding sctivity continued throughouc the day (Fig, 9

and 14d), despite temperatures which averaged almost as
high as those over Janusry-March, Animals lay down to
raest in the esrlier morning, but frequently resumed feed-
ing again for short spells through the midday period, end
became active agsin relatively early in the afterncon, As
large a proportion of the daylight hours were devoted to
feeding as during the far milder conditions of April-June,
The grasa belng grazed then was mainly very short, so that
A leszer height differcence was cropped than at othor

aeasons,

3. The influence of cloudy weather

Under cloudy conditiona there wes no distinct midday
rest period, and rhinos fed snd rested Iin spells through-
out the day (Fig. 12 and l4ec), More feeding still oc-
curred during the day in early summer than in late summer,
but there was little difference in the cloudy weather
tima devoted to feeding between late summer end the dry
season mentha {though cloudy weather was more lnfrequent

over the latter period).
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PIGURE 12. Diurpnal activity pattern, cloudy weather

Results expressed in terms of percent rhinos active,
l.e. not resting. Dotted outline = activity levels
under sunny conditicna.

Pigqures indicate total sample sizes, in terms of

15 min. rhine activity units.
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4. The influence of remperature

Lower temperatures were assocliated with higher levels
of midday activity, but the influence was not as striking
as that of cloud cover (Fig. 13). A 43% level of midday
activity exhibited at ambient temperatures of about 24°C
was depressed to only 10% activity by tempersturca of 34°C,
However, in cloudy weather an 81% level of midday activity

was maintained at 24°C,

5. The influcgce of moonlipght condicions

Right observation patrols were restricted to moonlight
periods, and under such condition activiey continued in
spells throughout the night (Fig, 14f, l4g). At oy
caravan base camp, more rhincs were recorded passing by
under moonlight conditions than when there was little or
no moon (Table 11), but differences were not striking,

and pome animals were active under conditions of no

11lumination,
full last new firat
moon quarter moan quarter
1900-2500 hours - 9 - 7
0000-0500 hours - u - 4

total 8 20 7 11



PIGURE 12. Relative influence of ambient temperature

and insolation

on activity

Pigures indicate sample aizes in 15 min.rhino activity units
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PIGURE 14. Temporal patterning of ac tivity:
individual examples

Broad band indicates ongoing activity; where different
rhinos in a group engaged in different activities,
the band has been subdivided.

Activity categoriea: R—- resting {standing or lying):
-85- atanding {alert); F- feeding; W- walking; WR-
wallowing or rubbing:; D- drinking:; I- interaction:
DO= disturbed by observer
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€. EARLY DRY SFASON, showing midday feeding. 17 June'66:
fine, fairly warm, breeze gentle becoming fresh p.m.;
group of 3 rhinos
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d. BARLY WET SEASON. 12 Dec '68: fine, hot(39.5°C), gentle-
mederate breeze: group of 4 rhinos

R———————— 2 — S, w— hd
S =
F‘———"———-—-——"-———-——-——'
W i
D l
|
0o | S L. L 1 L N SR S
) 8 o 12 14 16 18

e. CLOUDY WITH RAIN, 13 June'66: covercast, cool, moderate
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{contd~ FIGURE 14) . 176c

f. 20 HOUR SCHEDULE, LATE WE? SEASCN. 7-8 Mar, '66: fine,
bacoming cloudy p.m., rather warm (34.5°C), breeze
kecoming fresh p.m.: group of 4 rhinos
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g. BARLY NIGHT, LATE WET SEASON. 5 Mar:'66: precceding
day fine, rather warm, moderate breeze: 1 rhino
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h. LATE NIGHT, MID-DRY SEASON. 31 July'b69: night clear,
mild, moderate breeze: group of 3 rhinos.
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Full moon activity is underestimated in the sbove data as

I was more often out on patrol during such conditions.

G.IDaz to day repetitivity
One bull wetched over three successive days repeated

very similar activity aschecdules; (Fig. 152) but a second
bull observed over a three day period when weather conditions
were more variasble exhibited differing day to day activity
schedules (Fig. 15b). & cow and subadult compenion ab-
sarved on six successive days through the morning alter-
nataed between feeding and resting through midmorning for

5 days, but :hcn'repeated a midmorning feeding period on

the sixth, Individusl day to day patterns seem influenced
mainly by wenther conditions, and there is evideatly no

regularly repented activity schedule,

7. Duration of activity spells

Most feeding spells tended to last from about 1 1/2 to
3 hours (Fig. 16). Data are however derived mostly from
elther the morning perlod on sunny days or from cloudy
days; late afternoon-ecarly evening éraZing apells are
under-represented, and may commonly be longer,

Most resting spells likewise tend to last from 1 1/2
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" PIGURE 15. Day to day repetivity of individual schedules

Legend as in Figure 14.
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{contd- FIGURE 15} 178b

b, Territorial Bull {P) observed on 3 consecutive days

18 April'e6: fine, warm, light breeze
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€. Cow-gubadult pair

27 Apr'70

falr, f.warm{25°C), freah
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to 3 hours, but longer rest periods are associated with
the midday period, Some of these may extend as long as
10 hours,

B. Age/sex class differences

There are no striking differences between the activity
patterns exhibited by adult males, adult females and sub-
adults, despite differing body sizes (adult males 2000~
2300 kg, adult females 1500-170% kg, subadults 8N0-180N
kg) (Fig. 17 and 1B). Subadults maintained slightly
higher activity levels during the hotter part of the day,
and devoted slightly more overall time to feeding (52.73
vs 47.4%, N = 12,224 + 5741, X2 = 44,1, df = 1, p// 0.001).
Cows devoted more time to feeding than bulls from January
to June (47.0% vs 53.0%, N = 3124 - 4066, X> = 11,8,
df = 1, p // 0.001), but less time from July to December
(48.1% va SL.0%, N = 2493 + 2545, X2 = 4,37, df = 1,
0.025 / p / 0,05). Since March, April and May are the
peak calving months, the longer feeding time may be re-
lated to the increased food demands associasted with

pregnency and lactation. A breakdown in the records for

cows by age of associsted calf (Table 12) auggests that
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FIGURE 17. Age/sex class differences in activity pattern

Results expressed in temas of percent rhinos active, i.e.
not resting. Individual sample sizes vary between 52 and
423 15 min rhino activity units
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TAHIZ 12, Activity levels of cows in relation to reproductive statug

Data refor to tho ported April-tay-Juns

102

Age of accompeanylng calf roeging rasiing othar ;ct.ivitias
6=18 months 48,3 36.8 15.8
18+ oonths 52.3 3.8 14,8

urder 6 months; or cow known 52,4 30.6 17.0

to be pregmant and near full term
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females ﬁith calves aged 6-18 months spend less ;1me
faeding than those with older or younger calves or known
to be near full term pregnancy; but sample sizes are
limited, and results are significant only at the 107 con-

fidence level (cows with calves aged 6-18 mo, vs cows with

2 . 515,

calves aged 18+ mo,: 46.3%, N = 721 + 716, X
at = 1, p [ 0,n25; cows with calves aged 6-18 mo, va cows
with calves aged / 6§ mo, or pregnant: 46,3% vs 52.3%,

N = 721 + 394, X2 = 3,62, 0.05 [/ p L 0.10), The first
category includes cows in the later stages of lactation
or post-lactation, while the other two categories include
animals that were either known or likely to be either
pregnant or in early lactatien, Adult males devote more
time to miscellancous activities than do females and

subadults, probably related partially to patrolling

territories by territorlal bulls,

9, Overanll sctiviry budgets

Vhite rhinos of all age/sex classes devote a year-
round average of 48,87 of the daytime hours to fceding
(Fig. 18). Adequate night data are available only for

the periocd April-June, and indicate that during this
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PIGURE 18, Overall daytime-activity budgets

. Mean proportion of daylight ‘hours devoted to major
activity categories over all seasons and weather
conditions,
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season over a 24 hour period 49,7% or 12 hours are spent

feeding, 35.2% or 8 1/2 hours resting, and the remailning
3 1/2 hours are devoted to other activities (walking, stand-
ing alert, wallowing, and socisl interactions),.

One particular group followed continuocusly for 20
hours over 7-8 March 1966 (Fig. 14f£) spent 6 1/2 hours
feeding, 11 1/2 hours resting, 1/2 hour walking and 1 1/2
hours astanding disturbed, Probably most of the missing
4 hour period running though the early evening was devoted
to grazing, suggesting a total of 10-10 1/2 hours spent
feeding during the 24 hours, The lesst time devoted to
feeding in this example may be a result of the vigorous

summer growth of grass experienced in 1966,

Discussion
The basic f{ndividual activity schedule consists of

alternating spells of feeding and resting of about 1,5-3
hours duraticn. The diel fluctuations in ambient tempera-
tures and insolation impose a bimodal pattern on activity
levels, with activity peaks occurring during the early
morning and early cvening periods (see Figure 19), How-

. aver, this cyele becomes {ndistinct under conditions of
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FPIGURE 19 . Diurnpal activity pattern: comparison hetween
white rhinoceros and bhlaeck rhinoceros
Plgures indicate sample aizes

a. White rhinoceros schedule, all conditions
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Thesa differences presumably arise from the differing
actions of a browser devotes a portion of its time to
walking from one discrete bush to another while a non-
sglective grazer such as the white rhinec can feed steadlly
as long as it 1ie located in a suitable stand of grassland,
The consequent limitations in rate of {ntake of food per
unit time by browsers may be the basis of the amaller body
size of the black rhino,

The African elephant i3 reported to spend 16 houra
per day feading, 1 hour drinking, 1 3/4 hours walking,
3 houras standing and 2 1/4 hours lying down (Hendrichs,
1971), Presumably it is able to be more active through
the day than the white rhino on account of having more
efficient heat radiators, in the form of its large ears,
The extra amount of time it is able to devote to feeding
may be significant in allowing it to attain a larger body
size than the white thino. Innes (1958) found that giraffe
spent 55-83% of the daylight hours feeding, Waterbuck
fed for 43-647 of the day and 17-38% of the night
(Spinage 1968), and warthoga devoted 24-777% of the day-
time hours to feeding, resting in holes at aight (Clough

and Hassam, 1970, and Bradley's (1968} data as quoted by
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them). The white rhinoceros scemingly devoted a slightly
graater proportion of its time on a 24 hour basis :o.feed-
ing than these species, but this difference may be related
to decreased food availability at Umfolozi on account of
grassland\degradation.

Time budgets for the late dry season perilod indicate
that the white rhino does not respond to the prevailing
conditions of fuod atress by spending more time searching
cut optimum food., Rather, the animals simply £ill their
bellies quickly with the coarse dry grass which is readily
available, though this may be submaintenance in nutrient
levela, The unusually ample fat deposits built up over
summer probably agsist in carrying the animals through
this lear period, Seclous (1899) reported that "Towards
the end of the rainy season, in Februery and March, white
rhinoceroses used to become excessively fat, and would
often keep in very good condition until late in the dry
season. I have seen them so fat, that between the skin
and the flesh over the greater part of the body there
was a layer over one inch in thickness, whilst the whole
belly was.covered in fat two inches thick."

The major period of environmental atress is at the
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- commencement of the wet meagon, The animals are then in
poorast condition, having passing through the winter dry
season. To take advantage of the freshly sprouting but
still very short grass, they are forced to be more active
during the hot pare of the day, ceusing further problems

through potentfal heat astress,

D, SPATIAL PATTFRNS OF HARITAT UTILTZATION

Introduction and methods

Observations soon revealed that certain individuals

tended usually to be found in particular localitiea., Thia
characteristic w;s more strikingly apparent in white rhino
bulls than {n cows or subadults, Evidence will be pre-
sented In the next chapter to show that the movements of
adult males are strongly circumscribed by asocial pressures.
In this section, attention will be focussed on the re-
lationahip between movement patterns and habltat require-
ments. In particular, the movement patterns of cows will
be considered, since these seem little influenced by social
factors, Consideration of the ranging patterns of bulls,
and of the relationships between the ranges of different
.indivyidualig, will be deferred to the succeeding chapter on

sociology,
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The locations and movements of all rhinos encountered
uege mapped, and these date provide the basis for the
estimation of individusl home ranges. Cows and immature
animals moved over s greater area than could a&cquately be
surveyed on foot, and radio-telemetry was introduced
agspecially to determine the extent of the wanderings of a
semple of females and subadults, Six adult females, one
subadule femala, one subadult male and two young adult
males were equipped with functioning radio transmitters
(see Section II.A.4), but radis-tracking was only possible
for a period of one year batween March 1970 and March 1971,
uhiie individual transmitters functioned for shorter periods.
Rad{io-telemetry in principle allows the unbiased deter-
mination of tndividual locations on demand, In practiee,
while the two main tracking stations used gave excellent
coverage over the northern part of the Madlozi atudy area,
transmitter signsls were frequently blocked sut by the
steep aldes of the Madlozi valley, and extra effort was
needed to locate animals there, Thus, relatively fewer
locations were obtained for this section. Furthermore,
radio-tracking periods were sporadic, and do not encompass

‘all environmental conditions, Radio-telemetrically
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determined locations supplement more extensive data ob-
tained by chance locations during foot patrols, and ecorrect
to some extent bias in the latter towards the central study
aresa,

Arcas of home ranges were determined by connecting
outlying points and measuring the enclosed area plani-
metrically, Since a2ll home range distributions are to be
considered incomplete, all areas qué:ed should be regarded

as minimal estimates,

1, Homg ranges of adult females
Maps of the distribution of locations of individual

cows (Pig, 20, a-h) reveal that each haos a preferred area
of.occupnncy which is different from fhat of other in-
dividuals, though there is extensive overlep between the
various ranges, The sample of eight cowa for which range
maps are presented represent those individuals whose
ranges are believed to be the moat comprehensively re-
corded, in 8ix cases through the aid of radio telemetry,
A further seventecen cows regularly frequented the Madlozi
central study area, and another 25 were recorded as

necasional visitora, Partial home ranges for some of
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Eozg ranges af cowe snd subadults

=3 polnts have been plotted for each day seen

Total nunber of polnts, observatlon duraticn
and hoce range araas for each individual ars
rresented in Table 13,

Opposite: -

left, Flg. 20a, 4Df-?
right, Fig.20b, Df-0



» WATER ABUNDANT,
GRASS UREEN

B WATER IN SEVERAL
LOCATIONS, GRASS
DRYING

. WATER RESTRICTED
YO FEW LOCATIONS,
GRASS BROWN

RADIO-TELEMETRIC
LOCATIONS

= HOME RANGE CORE
BASIC HOME RANGE

- ANNUAL RANGE

HOME RANGE DISPERSIONS FOR TwO COWS
MADLOZI STUDY AREA, | DEC. 1948 - 4 SEPT I87)

[+ 2000
| I N . |
METERS

s
LITTIPEL L)

METERS

LT

6T



193

LE 15 ]

il By




LTS

-
; -
-"F\\__x
'r i
Hhapy A
&\
/.
;o\
Ly )
/
\
i N ]
A s ¥ Bty By [ T



194

these individuals confirm this genersl pattern,

There were differences in the extent of the area
utilized under differing scasonal conditions, Yhen grass
was gfeen and water abundantly availablé, individual cows
reatricted thelr movements to within an area of about 6§ to
8 km? (Fig. 20, Table 13), which will be roferred to as the
home range core, With deteriorating forage quality (grass
mainly green to mainly brown), movements were extended
further afield, bring the extent of the area utilized up
to about 10 to 15 km?, This arca will be termed the home
range. When all temporary poola within the home range ran
dry, enimals were forced to make specicl drinking ex-
eursions towards one of the long-lasting waterholes--at
Madlozi, usually either towards the Nyonikazane Spring in
tha south, or the Mphafa Pools in the south-east, An
excursion by the cow P to the north {Fig. 20a) is related
to the presence of ; small spring in the Thobothi Stream,
With the drying up of the Mphafa Pools towards the end
of the dry season, animals relying on th;s source were
forced to continue on to the Vhite Umfolozi River, about
5 km further south, in order to drink, However, drinking

excursions were only temporary, lasting less than a day,
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TAZLE 13, Sizeps of home a of night cow, wo_muba

Areaps measured plamimetriocslly from maps prossnted in Mg, 20,

Map  indiv, method  pericd no, location pointsi~ area (lon?)t-
conditions core home anmal
(1) (2} {(3) an AFaa  ranpo Tange
20a ADf. P r-t Aug'70<Mar'71 28 19 43 110 57 11.4 18,2
total Doe'fB~Juna'?y 55 iy &2 158
206 ADf.O r-t Apr'?0-Doc* 70 13 M 42 B9 5.3 9,1 19,6
total Doc'68-Sop'71 58 42 73 173
20c ADfr.U r-t Mar-Doc* 70 27 43 17 a7 7.9 14,7 16,1
total  Fab-July*fé, B2 89 2 203 ,
Doc®6B-July' 71
204  YADL.V  r-t Sep'70~Aug' 71 21 19 2 42 53 13.6 16.2
total  Sop'70-Sep'?i v 22 20 72 :
20a ADf, 22 r-t Juns' 70-Har' 71 23 13 6 b2 7.4 10,9 20,5
total  Aup'S9-Junc'?t 25 17 12 sk
20f  ADfLAL r-t Aup'?0-Jan'7 13 22 22 57 6,3 10,2 4.7
total  Aug'?0-Jan'?1 15 24 23 62
20g ADf.J r-t - - - 9.6 14,0 15,3

total Jdan-June'éh, 51 24 3% 14
Doc.68-Aug'?1

200 CADfLAA 0 ret - - - - - 6.4 B9 8.9

total Doc'68-Aug'?1 69

14 7 100 .
2010  mam.r+ r-t Aug'70-Jan'?1 9 5 12 26 5.0 7.0 7.3
saf,d total Jan'70-Junp'?1 41 7 16 &4
203  szamb r-t - - - - - 3 43 6.
total  Doc'68-3op'?1 24 3 15 39

r-t = radio-telemotric

Conditiona: (1)} prass groon, wnter abundant) {2) grass drying, wtar in several locations;
(3) wator roptristod to major wvatsrholes,
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and animals returned to within their usual home ranges in
betwaen such waterhole vigsits, The range traversed was
thus extended during the late dry season by corrider
extensions leading to long lasting sources, The total
extent of the animal range covered, including such move-
menta, was 20 kmz or more in some cases, However, those
cows whose home ranges adjoined permanent water sources
(e.8. U and AA, Fig. 20 ¢ and h), did not exhibit such
atriking range extensions,

Some individuals may move over even larger areas,

A distinctive cow with a missing right ear was an occasion~-
al visitor to cha Madlozi study area from the south-east.
Ranger M. Behr reported that he had seen her twice in the
vicinity of the White Umfolozi River, ance to the south

of the river in the Mpekwa area. The distance between the
latter sighting, and the furthest north record at Madlozi,
is 13 km,

Two of the transmitterised cows (P and 0) are known
to have moved to the vicinity of the White Umfolozi at
the end of the dry season where they were, except under
favourable conditions, beyond radio-telemetry range.

These excursions were not prolenged more than one to two
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days; but it is possible that, had the arrival of the
apring raing been delayed further, the cows may have stuyed.
in the vicinity of the river longer. No signal was re-
ceived from the transmitter of another cow (22, Fig. 20e)
for much of the dry season of 1970, and she had evidently
moved away beyond the range of the equipment, presumably
either to the vicinity of the Black Umfolozi River or the
Gqoyini Pans to the north-east, |
Other cows that were regular visitora to the atudy
ﬁrea during summer were not recorded there during the late
dry season, Without the ald of radio-telemetry, it was
not possible to establish the extent of thelr movements,
However, by comparison with the movement patterns exhibited
by the transmitterised animals, it is presumed that they
had moved away no further than a few kilemetres to one
of the hill systems offering abundant leng grass, As is
evident in Fig. 20, the cows P and } concentrated their
late dry season grazing on the slopes of the northern part
of this range, AL used the vicinity of Mantivana Hill,
and 2Z was recorded in the region of the Mbulunga Range,
Temporary excursions well beyond the usual range may

occur under unusual circumstancea. Amoag the rhinos grazing
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the slopes of the Zintunzini Hills in November 1968, when
the grassland was sprouting freshly green after & burn,
was a distinctive cow with a broken off anterior horn,
This cow was not seen subsequently at Madlozi, but an
animn]l which mery have been the same individual was seen
once by me md several times by other observers between
Mpila Camp and the Black Umfolozi bridge, 28 km to the
east., No other broken-horned cow was known to me; suggest-
ing that this animal had wandered westwards for this
distance at the end of the 1968 dry season in mearch of
favourable grazing conditions, Rangers reported that, be-
fore tha reserve was fenced, rhincs sometimes appeared
during tha months of September and fictober well to the
south of their usual haunts,

I have only one example of what may have been a shift
in home range., An ageing individual HA, rendily recog-
nisable by her unusually prajecting anterior horn, was
not seen in the Madlozi study area prior to March 1970.
However, I recorded her once from the road some 6-7 km
further morth. In April 1970 she appeared at Madlozi,
in ocestrus and being accompanied by one of the study

arda tarritorial bulls, and she was mated there a week
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after her appearancea, Suhsedd;&tly she was fairly regularly
seen at Madlozl, ranging ae far aouth as the Lily Pan,

Tha cow J (Fig. 20g) exhibited an unusually large home
range core area. This {5 related to several sightings of
her in the Madlezi valley made over a short pericd under
wat season conditions, In 1968, when I covered this section
regularly, she was never seen there. This movement could
thus represent a temporary extensien, She was probably
femiliar with the region from visits to the Nyonikazane
Spring made under dry scason conditions, Ho other cow
whose history was. followed over an extended period ex-
hibited any notable shift in home range. PEleven of the
cows that had been known to me in 1966 could be recognized
again after by return 2 1/2 years later. 211 were occupy-
ing the seme localities as before,

Home range limits wera indigtinct, except where re-
lated to topographic features, Several of the cows that
regularly frequented the northern part of the Madlozi
study area Seldom entered the Madlezi valley (e.g., P and
0, Fig, 20 a end b), while the Zintu;zini Range pro-
vided & natural boundary on the wost., In other cases,

"location records simply beeame increasingly sparse towards
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homa vange limits. This 1s best illustrated by the cow As
(Fig. 20h), wvhosc northern range limits coincided with the
most intensively covered section of the atudy area, She
was regularly encountered in the Madlozi valley, and was
less frequently seen on the southern part of the bush
cleared zone flata below the Zintunzini Range, Location
records become increasingly scattered further nortiwards,
and she remained only for a day or less before returning
southwards, I watched the cow U (Fig.20c) at the apparent
northern limit of her home range graze in a semicircle

" veering back southwards, Other cows whose home range
were peripheral to the atudy area {e.g. ZZ and AL, Fig.

20 o and £) were recorded ns occasional visitors to the
central study area. They were encountered thera over one

or 8everal successive days, then disappeared againm,

2. Home renges of subadules
Subadules usually did not move about singly, but

Joined up with other subadults or with adult cows. .Those
that attached themselves to adult females adopted the home
ranges of the lacter for the period of association, Only

a few gubadults remalned regular inhabitants of the
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Madlozi study area for an extended period without being
asmoclated with a cow for much or all of this perfied. Some
of tha disappearances of younger subadults may be related
to the rhino capture operations being carried cut on the
periphery of the study arca, while the dearth of older sub-
adults was probably a consequence of thino removala carried
out here in the past, Information on the ranging patterns
of subadules 1is accordingly limited,

The range distributiona of two subadult males have
been plotted in Fig, 20 g and h, The radio-equipped in-
dividual r wag a 7-8 year old male accompanied by a 5-6
yeer old subadult female companion, This pair was re-
corded over a range of 7.3 kmz, though this 1is probably
an incomplete estimate because of difficultics assoclated
with receiving a radic signal from the Madlozi valley area
they favoured. The 3-5 ycar old male b was generally
accompanied by a subadult male companion of similar age.
Apart from one brief excursion to the north, he was scen
only in the Madlozl valley, and recordg encompa’ds an area
of 4.3 km®, Another pair of alightly older subadult males
was also encountered frequently in the Madlozi valley, but

was never gscen elsewhere,
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Other observations on subadult ranges are available
from 1966, though these span a time period of only five
months, Two approximately 7 year old males moved as a
pair over two adult male territories, encompassing an area
of 2,2 km?. A pair consisting of a roughly 7 year old male
accompanied by a 3 year old female were encountered only
within a single edult male territory covering an area of
2.1 km?. Another pair consisting of a six year old female
together with a six year cld male wandered over the whole
4.3 im? extent of the Madlozi valley, and were also seen
to the north of the limits of the 1966 study area,

Tha female V was fitted with a radio transmitter as
a 6 1/2 year old subadult, but bore her first calf a month
later. Her subsequent range has sccordingly been plotted
with those of the adult cows {Fig., 20d). While a subadult,
she had been a constant companion of the cow U, whose home
ranga ig presented in Fig. 20c, for at least 11 monchs,
FPolloering the birth of a calf to U, V remained independent
for two months, then attached herself to another adult
female (VV) for the month preceeding the birth of her am
calf, The subsequent home range adopted by V was similar

to‘that of the cow U, but she ranged further northwards
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than either U or VvV,

These observations indicate different ranging patterns
for subadult males and females, Subadult females moved
aover fairly extensive home ranges resembling those of
adult cows, while gsubadult males restricted their movements
mainly to one or two adult male territories, When a sub-
adult mala was associated with a similar aged subadult
female companion the home range seemed determined by the
female,

Some subadules apparently had no fixed home rangs.
Several recognisable individuals appeared i{n the Madlozi
study area, wore seen there regularly over a period of a
few days or several months, then were not recorded again,
Two animals car-togged in the study areas were later
located 10-15 km away. Thus, a segment of the subadult
population is apparently semi-nomadic, remaining in one
area for a period of weeks or months, then shifting en
elsewhere, Permsnent home ranges are probably not es-
tablished by females until after the birth of their firat
calf, and by males probably not until the acquisition of

their firat territory (see next chapter).
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3. Activity distribution within the home range

Further information is revealed by considering the

activities that were being performed by the animals when
located (Figure 21).

Hat and dry scason grazing arcas were interspersed
through a typical heme range, reflecting the mosaic of
long and short grass areas prevailing at Madlozi; there
were no clear seasonal distinctions in areas utilized,
except for the concentration on hillalope areas during the
lata dry season. The cow P then favoured the hillslepe
grasslands in the north-west, while the cow U favoured
hillslope grasslands in the south-west, For the midday
rest during the hot season, each cow had certain favoured
ridgecrest localities, but different resting localities
wera used on different occasions, Cows did no:lreatric:
themselves to any particular sites at these localities,
and shared these rest arcas with many other cows, Steady
walking was generally in the direction of cne of these
rest places, or to or from cne of the long-lasting water
holes, The cow U was known to use both the Nycnikazane
Spring and the Mphafa Pool; P did not visit the Nyoni-

kazane Spring, instead drinking at either the Mphafa
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FIGUER 21. Activitv dizpersion within the hone range

A1l singls observations plus locatiors at 15
pinute interyals plotted for periods of
.sontinuous obsaervation, have besn plotted.
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Pools or at the small Thobothi Spring to the north, or
vhen these ran out at the White Umfolozi River, During
summer a profusion of amall pans offered water throughout
most of the home range, and these pools were used also for

wallowing,

4, Pattern of movements about the home range

Oa one occasion I kept a watch on the movements and
activities of a rhino group continuously for 20 hours; on
another occasion, with the ald of membera of the Fieldwork
Section of the Wildlife Soclety, a group was kept under
observation for 40 hours with only short interruptions,
The movements of the former group are mapped in Fig. 22a,
and correspond to the activity achedule presented in Fig.
14£, The total distance covered along their path of
movement during the 20 houra was about 4 km. During the
40 hour pericd, the second group coverad about 8 lm, mostly
accompiished while grazing in circles in one localiry
(Fig. 22b), Both groups included an oesrrou.:i fomale that
was being accompanied by a territorial bull, and their
movements were circumscribed by the blocking actions of

the bull whenever they approached his territory boundary,

+
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PIGURE 22. Datalls gf npovemonts of psrticular groups over
saoors periods

Left: bHovemants of group consisting of tAD- + 2 ADfs

+ 8af during 20 hour perloed, 2230-1320 hours,
T~8 March 1966,

Right: Xovementz of group conslsting of tADD + ADE +
calf during 40 hour periecd, 0715-0032 hours,
5-T dprll 1964,
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Free ranging cows might move over greater distances,

Later, with the ald of radioc-telemetry, X located the
cow U almost daily over 30 consecutive days, and on 10
consecutive days her detailed movementa during the morning
and late aftermoon periods.were watched, PFurther infor-
mation on movement patterng was obtained by radio-tracking
the locations of all transmitter bearing animals for
periods of 10 consecutive days,

None of these periods covers optimm midsummer con-
ditions, and were approached most closely over part of the
period covered in Fig, 23. A dry spell, during which most
pans ran dry, was broken by heavy rain falling on March 2
(day 3), which brought the graas back to full greennesa
within 2-3 days, The cow P had evidently moved north-
wards to drink at the Thobothi spring on day 3, but with
the zreturn of favourable conditions she limited her move-
ments to within a small part of her home range. The area
encompassed by connecting outlying points from day 4
onwards is about 1,5 knz. Generally, when grass was green
and water plentifully available, 1ndividﬁa1 cows were re-
encountered over scveral successive days in the game

grazing localities of about 1-2 kmz, and cows evidently



PIGURE 23.
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povemgnt pattern durinsg lats wot season

Radio-telametrloc locations deternined threa
timea deily are shown for ADE-F ovar 12
congacutive days, 23 Feb.-1t lar. 18971,

-4 dry spell vas broken by heavy relr falling

on Mar, 2 (=day 3): theraafter gracs was
green and yater plentiful.
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moved around relatively 1little under such conditions,

The autumn or carly dry aeeson period covered in
Figure 24 is characterised by an alternation of drying
and greening up periods in the grassland. Over the paricd
25 April-4 May the grass was sprouting freshly green after
light rain, but some drying out commenced over the last few
daya, and the cow U clearly oriented her movements around
one particular midday resting areca. She grazed outwards
from here in the late afternoon, and back inwards towards
it again during the morning grazing spell. Overnight
movements probably completed the circult, An alternative
midday reating 8ite was used only on day 5, when con-
ditions were cool and cloudy. The total area encompassed
by her daylight movements over this peried was 2.4 kmZ,

The 10 day period covered in Fig. 24b includes a
successlon of drylng and greening periads. Mo regular
pattern of movement is discernible, During drying periods,
probing movements outwards towards the extremities of the
home range were made, while during periods of grasa growth,
movements were confined to a smaller area near the central
part of the homec range. It scemed that the cow explored

ardund until she located favoursble grazing, then settled
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PIGURE 24. }Movarent pettorns duriny early dry season

A, Laft: Daytine povenoats and activitles of the cow
ADf-U over the 10 dey period 25 Zpr.-4 May
1970. (= days 13-22 of Pig. 243)

ba Bight: ZLocations of the cow ADF-U over the 30 day period
13 Apr.=12 May 1970; locatlons are for the asarly
neraing in nost cases,

Pravalling conditions: -

Daya t=4: grasc painly browa, pools dry

Bays 5~19: 1light raln results in scattored pools
and freshly sprouting grass

Days 20-25; pools drying up, grass drying off.

Days 27-30:"' raln ereates pany pocls, grass sprout-
ing green again.
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in this vicinity for a period of several days (e.g. daya
18-22). As grazing conditiocona de:crio:ated once more,
movements were again pushed further afield.

Drying conditi{iens seemed to provide a stimulus for
a ganeral shuffling {in the rhino population., Individuals
that had been secn repeatedly in the gsame vicinity over
gseveral auccessive days disappeared, and new indiyviduals
mada an appearance, A prolonged drying spell was likely
to bring an influx of "strangers', individuals which were
only occasionally seen in the study area. HNo regular
pattern waa discernible, as some individuals moved in
while others mnvcd‘out. The arrival of raina breaking a
dry apell promoted & similar shifting around by the rhino
population,

A faature of late dry season movements (Figs., 25 and
26) weg the extensive movements to and from the directiop
of one of the major waterholes wvery few days, During
the f{nitial part of the radlo-tracking periocd covered in
Fig., 25, the cow P was cvidently drinking at the lower
Mphafa Pool at 4 day intervals (the upper pool was then
dry), Movements from the pool back towards the central

homa range are evident on days 1 and 5, and outwards in
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PIGURR 25, Yovepant patterns during the nld-dry sessan
Hndio-taler.atrioallj detarninaed locatlions
obtained thrsee times dally over the 10 day
period 26 Aug.~4 Sept. 1970 arge shown for
two oows:

- la.ft ADI—P

be Rlght. Adf-0
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PIGURE 25.

a,

b,

laft
right
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Fovencit patteyns durina period ecvaring
tercination of tha dry senzan

Radlo-tslaoetrically deterpinad locatlions
obtained thres times dally over tha 1! day
pariod 10-20 Sept. 1970 are shown for tuo
aows; tha srintor drought was broken by a
heavy thunderatorn falling or the night of
13 Sept, (= day #4}.

4DL-P

ADE-0
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the direction of the water on the evenings of days &4 and
8. On day 9 po signal was received from her transmitter,
and a check of the lower Mphafa Pool revealed that it had
run dry, On day 10 P reappeared again, working her way
back slowly towards her usual range, Evidently she had
continued to the White Umfolozi River on finding that there
was no water at the pool. Over the same period, the move-
ments of the cow O are indicative of journeys to the
vicinity of the Nyonikazane Spring at intervals of 2 or

3 days. Both cows moved fairly widely over an area of
10-15 lm?.

The period covered 1& Fig., 26 apans the breaking of
the winter drought by tho £irst spring thunderstorm, which
occurred on the night of 13 September (day 4), The cow
P was moving in the direction of the Vhite Umfolozi River
when located at 2100 hours on the night of the storm; the
next day, with water plentiful, she moved back into her
normal range, Thoreafter, she concentrated her grazing
in a amall area of hillside grassland.. Over the same
period, the cow O moved away to the vicinity of the White
Unfolozi River on the night of 12 September. When sean

1735 on the evening of 12 September, she was feeding
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slowly southwards, still within her uwsual range, At mid-
night, no signal could be received from her transmitter,
and she had evidently moved beyend tho range of the equip-
mant, The next day, she was located by telemetric
triangulation in the vicinity of the Nqolothi beacon,
overlocking the White Umfolozi, The straight line dis-
tance covered avernight was about 11 km, O©On the morning
of 14 September, following the rainstorm, she was back
within her usuyal range, The reason for this sudden journey
ia not clear, since water was still available at the
Ryonikazane Spring, wherc she had been drinking up uncil
then,

The night position records obtained on six days over
the peried 10-20 Scptember showed that there was only
limited movement during the nights when no trip to water

was undertaken,

Qj,gcussj.cm

Interpretation of ranging patterns
The moat uscful discussions of heme range terminology
with relovance to large mammalas are those of Jewell (1966)

.and Walther (1967 and 1972)., Jewell rcatates Burt's



217

(1943) definition as follows: 'home range is the area
over which an animal normally travels in pursuit of its
routine activities," Valther considers hou;e range to be
tha ares "in which an animal or group stays long enough to
bacoma familiar with the arca and establish a space-time
system within {t."” The total area used by the animal
including temporarily used migration routes and occasional
excurdions, Jowell terms the "}ifetime range" and Walcher
the "aktionsraum” or "action arca," However, the term
“annual range" (Jay, 1965) seems to me preferable when the
time span of study is short relative to the potential
1ifespan of the animal being observed, Within the home
range, Jewell refers to a possible "core area" or several
"foct of activity”’ which is more frequently used than the
remainder of the area; and he suggests the use of the
torm "monopolised zone" for those parts of the home range
the use of which 1s exclusivwe to one particular individual
or group.

The home range reflects a relationship between the
individual animal and the sbility of :ﬁe habitat to supply
its lifc requirements. It fa the arca which presumably

has become known to the animal, and which is normally
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abla to supply all its nceds in terms of food, water, and
gholter from the eloments end from cnemiea, at least for
an extended period of time (gay scveral months),

However, wandering further nfield may be inhibited,
not by decreasing familiarity, but by social pressures from
conspecifice. When social inhibition is strong encugh to
regult in strictly exclusive sharply bounded heme ranges,
these arce appropriately termed territories,

Difficulties arisc in trying to assign boundaries to
the "familiar area” within which the animal "normally
travels,”" In the abscnce of soclal pressures, home range
boundaries are likely to be diffuse and revealed only by
a diminishing frequcncy of occurrence of the occupant. Any
1imits drawn to measuxe enclosed arcas arc hence somewhat
arbitrary,

Such characteristica are shown by the home ranges of
white rhino females, Wevertheless, it is clear that vhite
thino cows do not wander at random, but tend te localisge
their activitics within certain preforred regions of the
available habitat, Individual diffcrences in the arcas
utilised appear merely to be the result of individeal

idiosyncracies in the localities with which each animal
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has become familiar, There are no exclusively mono-
polised zones, and 28 will be showm in the next chapter,
- females are generally tolerant of one another in meetings.
Rowever, differing degrees of preference are exhibited
for different parts of the range, and these vary seasonally,
I have distinguished a core area, not by intensity of
utilizetion as is usually done, but rather on the basis of
prevailing environmental conditions, When both good
quality food and water are abundantly and widely dispersed,
there 1s no incentive for an animal to move from its most
favoured secticn of its home range. This approach avolids
problems i{n deciding on the particular intensities of
usage appropriate for delineastion of a core area, All
parts of the core area may be covered by white rhino fe-
malas only at intervals of several weeks, and no regular
pattern of movement within the core area wag discernible,
More peripheral parts of the home range may not be
visited for several months while habitat conditions remain
optimal. Some sections may be temporarily subjected to
intensive utilization for short periodi of days or weeks,
for example hillslope grasslands during the late dry

season, and seemingly the animal knows that it may find
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suitable forage there under these conditions. {sage of
other parts may be more irregular and opportunistic, as if
the animal were searching nearby regions for suitable
forage when this was not readily obtainable within the
central home range,

Corridors leading to nearby major waterholes may be
traversed regularly at intervals of 3-4 days during the
late dry seamon, and the animals are undoubtedly familiar
with these routes from previous use, These are not con-
gsidered part of the home range, since this usage iz re-
stricted to special circumstances, and since the animals
praferentinlly return to within the usual home range be-
twveen such journeys, This exemplifiea some of the
subjective difficulties in applying definitlons based on
"normality" and "familiarity,'" and I suggest that these
are best overcome by considering patteras of utilization
in relation 2o prevailing conditions as above.

It is also clear that many Subadults do not exhibit
established home ranges that accord with the above de-
finitions, Rather, it seems that they have still to
became sufficiently femiliar with the resources of one
particular regiaon to preferentially restrict movements to
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it, Thia railses important considerations concerning the
applicability of the terms "1ifetime range" and "annual
range', The former term by implicarion must fnclude the
potentially extensive wandering or dispersal movements

made during the period of subadulthoed. If only the
occasional wandering sallies and temporary range extensions
exhibited by adults are to be considered, then the term
“unnual.range“ i3 more appropriate, This term is preferable

to the more embiguous "action space” of Walther (1972).

Compariscns with other ungulates

Goddard (1967) reports that home ranges for black
rhino cows vary between 2.5 and 88 kmz, with an average of
14.6 km? at Ngorongoro aand 34.4 km? at Olduvai, Yowever,
from his method of recording, theae are equivalent to what
I have termed the annual range, the extent of which is
conaiderably influenced by the distribution of water
supplica, Preliminary findings of Hitchins (1971), using
radio telemetry, revealed home range sizes of 5,8-7.7 km?
for three Hluhluwe black thine cowa, These are closely
similar to the arcas of 5.3-9.6 km? found for the home

range core areas of white rhino cows, but are smaller than
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the full extent of the home range of the latter. Both
Hitchina (1969) and Goddard (1967) ahow that black rhino
home range sizes are considerably influenced by habitat
type. Hitchins (1969) found a home range size of only

3 km? for a black rhino cow inhablieing mainly thicket,
compared with 5 km? for a cow in a nearby largely savanna
area, Goddard (1967) reported home range sizes in the
Lerai forest in Ngorongoro of about 2.5'km2, compared with
an average of 15 kmz for other parts of the crater, Larger
home ranges at Olduvai were related to sparsely scattered
water supplies,

Thus one may conclude that white rhino femsale home
ranges in favourable habitat, tend to be larger than those
of black rhino females under similar conditions, Thia
diffarence may be related to the larger body size of the
white rhino, and to differences between grazing and i
browaing food seeking strategies, Local grassland con- :
ditions are sensitive to unpredfctable variations in year i
to yeer rainfall distribution, and to take advantage of
these a grazer needs to be opportunistic in ita movement
patterns, In contrast, woody plant growth 13 more strongly

tied to regularly recurring aeasonal factors, and hence
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offer a more predictably seassonally changing food source.
White rhino females feed over a wider aree during the dry
season, whetéas black rhino home range sizes in Ngorongoro
are contracted during the dry secason; though Hitching (pers.
com) found no significant differences at Hluhluwe, Goddard
relates the more extensive wet season range in the case of
the black rhino te feeding directed towards forbs such as
clover,

McNab (1963) related home range size in mammals to
body weight and hence metabolic needa, though his data
were limited largely to small mammals, His correlation
R =30 w369 gor Yeroppers," where R = home range size
in acres, and W = body weight in kilogrems, predicta 2 home
range aize of abour 500 acres (200 ha) for a white rhino
cow. This corresponds approximately to the observed size
of the home range core area, but not to the complate home
range a8 I have interpreted these terms. The heme range
core area of a white rhino female can thus be regarded as
the basic home range related to metabolic needs, and the
home range extensicns during periods of ée:eriorating
forage quality o8 gpecial strategles for seeking food

undef such conditions,
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Female home range sizes for most African antelopes
typlcally vary between 2 and 10 kmz, though a few species
exhibit atrikingly larger home ranges (Table 14). Species
whose home ranges e*ceed those of the white rhino 1in size
include the American bison (up o 30 kmz), wapiti (up teo
35 kmz), sable antelope (up to 50 kmz), roan antelope (up
to 100 km?), African elephant (up to 250 km?), and plains
zebra {(up to 600 kmz). The high mobility of such species
may ba seen as a special adaptation permitting individuala

to locate optimal food over an extenaive arca, The white

rhino exhibits such a capacity to only a limited degree,



TAHIE 14, Femala homs range sizos for variews ungulates

Figures quotsd are for ssascral hame ranges whers thess differ

from the anmal range

Species loeality homas range refarance
sice
(?)
mula deer California 0,4-1,6 Dasmann & Taber, 1956
warthog Sengw 0,6-3.3 Qurring 1972
lassar kudu Teavo 1-3.5 Leuthold 1973
w1dnbeest Ngarongore 2.5 Egtos 1969
mepermik Tsavo 2,849 Leuthold 1971
Mooss Grand Tatons 2,5-5 Houston 1973
inpals Hairobt 2-5 Leuthold 1970
rod doer Rinm 4 Lovm 1966
Thomsen's gazolle  Serengeti 19 Walther 1964
wtertuck Quoen Elizabeth 6.5 Spirage 1969
Fark

hlack rhinc Muhluvm 2-8 Btching 1959 and 1572

Fgorengoro 2,5-25 Goddard 1967
white rhino nfolozt’ 10-15 this study
Jmerican bison Yallewstona 0 McFugh 1958
wapiti Montana hh-35 Emight 1970
sables antelopoe Angola arvd Kermym  7-50 Estas 1973
roan antelaope Kruger Fark 60~100 Joubert 1573
African slaphant Tsava 125-250 Iaws 1970
plailns zabrs Mgorangoro 80-250 Tlingel 1967

Sarengsti 300-600 .



V. SOCIOLOGY

A, INTRODUCTION

In this chapter, a fundomental approach to the anal-
ysis of soclal organization will be adopted, such as to
provide a basia for valid cross-species comparisons. The
social aystem of the white rhinoceros will be described
in terms of the spatial diapersion of individuals in the
population, and of the ongoing dynamics of the inter-
actions occurring between them, Corsideration of the
spatial structuring of the population leada to the
identification of certain groupings of individuals that
tend to be associated together, to the spacing both within
and between such groups, and to the relationships between
the ranges of different individuals or groups (Brown
and Orisns, 1971). These spatial patterns are influenced
by the behavioural actions displayed by individuals both
in direct visual encounters, and in indirect encounters
thzough the media of audition and olfactory signs, Special
sets of interactions are those leading to gametic transfer
from male to female, and those relatéd to nurturing of
dependent progeny. Long term changes in the behavioural

‘actions displayed by particular individuals, resulting

226
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from the processes of ontogeny, maturation, ageing and
sccial eranaitions, will finally be considered.

"In interpreting social patterns, five soclal cate-
gories or '"castes" (McBride, 1964) of individusls will be
distinguished, These mny be characterised as follows:-

(1) galves (e, c£): immoture individuals still with their
mothers;

{(i1) adolescents (adolm,'adolf): individuals independent

of the mother, which have not attained socio-sexusl

maturity; -

{X£1) cows {ADE): 'females of calf-bearing age;

(iv) territoriel bulls (tADm): adult males exhibiting
particulsr behnvioural patterns assoclated with dominance
within a certein spatial section of the habitat;

(v) suboxrdinate bulls (s&Dm): adult males which do not
ghow these behavioural patterns (the term "subsidiary
bull"” (Owen-Smith 1971 and 1972) 1s equivalent),

These categories are basically age/sex classes,
except for the diastinction between two classes of adult
male. A territorial bull cannot relisbly be distinguished
from 2 subordinate bull by appearance, only behaviourally,

¥hile differences will become cleerer in the ensuing
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sections, the following '"quick field test” will be mentioned
now, Tarritorial bulls nearly always urinate in a powerful
pulsed apray; subordinate bulls generally urinate in a
straam, in the mmmner of cows and immature animals,

Further subdivisicns msy be mnde., Infant calves,
coupletely dependent nutritionally on the mother, may be
diffarentiated from juvenile calvea, which still nurae but
are capable of feeding independently. Since the usual
inter-calving interval is 2-3 years, all immature individuals
Judged to be over three years of age, whether associated
with & cow or not, will be regarded as adolescents. Among
the independent immature individuals, 2 distinction cauld
be made between the younger prepubertal animals, and older
individyals that are sexually potent but not yet sexually
active,lfor soclal reasons, WValther {(1972) usgsed the terms
adolescent and subadult to differentiate approximately
these two categories, However, there were no striking
behavioural changes to mark the time of puberty in the
white rhino, and the terms adolescent and subadult will
here in most cases be used 1n:erchangeab1y. The former
will however be based on behavioural characteriatics,

‘while the latter will be applicd to an age class
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differentiated by physical appearance. Thus, some males
that are not readily physically distinguishable from adults
may remain behaviourally still adolescent. All females
will be classed as cows after the birth of their firsc
calf;. even though they may still be distinguishable

physically as young :animsnla,

B, SPATIAL DISPERSION
1. Groupings

¥hite rhinos may be encountered singly, or in clusters
of varying size .and cohesion. Clustering may result merely
from the congregation of several individuals in a favour-
able grazing area or at a rest-place. If animals are
watched ¢losely, however, it may be observed that some
individuals orientate towards one another's movements,
and hence tend to remain together; whoreas others move
independently, and thus separate with time, Assoclations
of individuals exhibicing cohesion will be regarded as
Zroups, Observations indfcated that such associations
were likely to stay together for at least several hours,

Upon a disturbance, several different individuals or

" groups that had been feeding or resting in the same
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vicinity frequently ran together, giving the false
appearance of belonging to the same large 'herd.’ Such
alliances were howevef only transient. _

When the history of pafticular groups was followed
through time, it was found that certain individusls stayed
together for extended periods, while other groups dis-
sociated after shorter periods. Groupings of particular
individuais which cchered for one month or longer will be
regarded as stable associations, Such individuals were
likely to remain close companions for seversl montha or
even years. Groupings peraisting for shorter periods will
be referred to as temporary association,

The analysis of grouping pattorns may be approached
in two-ways: (i) by conaidering the size and composition
of the various groups crneountered (Table 15); this is the
conventional approach used by most workers; ({i) alter-
natively the frequency with which individuals of each
mocial clasa occur {n groups of particular size and
compoaition may be analysed (Table 16); as emphasized
by Jarman (in preas), this more accurately reflects
individual behavioural expeiieﬁce and choices.

The following types of group occur in the white



TABLE 15. Group size amd structurs 2

{a) AL assoclations) zroupings maintaining cphcsion for at least
several hours. Sl

¥ = 1432 groups, from repeated sampling of study arca populations
with 75% of rocords from Hadlori.

Results are exprossed as porcontapges of mmibor of pgroups.

Composition

1 2 3 b 5 & 7
Abns 25.5 0 a 0 0 0 0
ADm+ADC+(c, adol} - - 59 046 0,2 0,1 0
All+ adols - 0.6 0.8 0.2 0.1 0 0
ADf+c, +(adol) - 3.4 43 0 0 0 0
ADf 4+ adols - 53 0.8 0.6 0.4 0,1 0,1
1-2ADfs, +(adols) 0,2 0.6 0.1 0.1 0.1 0 0
adols 1,6 1.8 1.3 0.7 0.3 1 4
All 26,8 56, t3.¢ 2.1 t.0 0,2 0,1

{b) Stablo mgsociations only: individuals remaiming togethor for ane
month or bngor

B = 935 menthly records from fallowing history of partleular groups,
moatly at Madlozi,

Rosults are cxprossod as percontages of mmber of groups

Composition Siza

i 2 3 L 5 [
Alma 33.3 0 0 4] ¢] o]
ADm+AD 4 - - 0.1 0 4] 0
Alm+adola - 0.1 ¢] 4] o o]
ADf+o, +(adol} - 3.1 L9 i} 0 )
ADT4adols - g.6 04 1,4 0.6 0.2
1-2A0's, +(adols) .+ 0,8 0,1 0.2 ] 0
adols 57 8t 06 0.3 0 )
All 4o 4 53,7 3.2 1,9 0,6 0.2
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TAELE 18, Agsociations fornmed by individuals of particular social

gagtoy

Flgures represent percoentago of indtlvidunls assoelatod
with carparions of each gocial claas.

(a) by adult maloes

(1) ALl asgoetations, maimtaining cohosion for at lcast saveral

hours

Territoriel bulls

Subordirate bulls

Group size 1 2+
comp—
ardons
61.5 nona
Al
30.6 ADf'+

7.7 adol.,

Group size 1 2+

(11) Stabla snsoclations, romaiming togethor for ona month or

longer.
all adult malos
Group size b 2+
caopardons
all ADms 99.4 none
\ Am
0.3 Alf+
0.3 adol,




{eont, - Table 1§) . 232a.
{b) by adult females. '
{1) ALl assoetationy, maintaining cohesion for at loagt sovoral

hours
Group size 1 2 3 4 5 & 7 :
aomp=
ADF+ amons
0.7 none
W 72.0
\11?"‘f°; 1.3 —0.8.—0.2--~0.2 e
US> 03=0.3 - adel,
20711 -
— Apf
13.0
Am
(11) Stable assoclatisns, rcmainming together for one month
' or longer
Group size 1 2 3 [ 5 [ camp- [
anjons
ADf+
3.5 nona
N 86.8 fuve
3.6
18.’*'—00?—217-—1-1——0.3 .dalc
0,3 0.5 |
2471 apr
5 ADn !




{cont. - Table 16) 232k

(c) y_adoloscemty
{a) ALl agsociations, raintaining cohosion for at loast seversl

hours
Group sieo 1 2 3 4 5 ] 7 '
!
adol + conp- I
arions :
2.5 ‘none l

l\\

\ 1t Al |
. 330 —1,4—0.8 |
43,4761 T = — adol [
309 4,27 3e), 2T 1 X
13.5 At Il
8.1 ADf+c i
1

(44) Stable associations, rcmainng togethor for ons memth

ar lonvor
Group sizo 1 2 3 4 5 6 7
gdol + caup— i
amony ;
nane ’i
ADn ’
508 4,0 — 2,8 ey adol
™~ 2,379,375, 22,2
Al
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' rhinoceros:=

(1) Cow-calf pairs; most adult femalea were accompanied

by only a single offspiing. Sometimes an additional, usually
unrelated, adolescent attached itself ¥emporar11y to a
cow-calf palr,

(iL) Cow-adolescent groups: a cow without a calf (commonly
the result of the rhino capture operations) readily ac-
capted the company of cne or more adolescents, The higher
proportion of cow-adolescent pairs apparent smong stable
groupa (Table 15) is largely the result of a heavier bilas
in the latter records towards the Madlozi area, in which
vicinity the rhino capture team had been more active, The
largest stable group encountered in the study sreas
numbered 6§, consisting of a cow with 5 adolescent com=
panions aged 2 1/2-4 years, which remained together for
at least 6 months, A sixth adolescent was temporarily
associated with them for a period of a few days. Else-
where in UGR I encountered a seemingly cohesive group of
9 individuals, mostly adolescents (detailed compesition
could not be established); Research Officer P.G, Stewart
informed me that this group had been together at least a

month, and had numbered 12 individuals before 3 were caught

and removed,
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(111) Adolescent groups: most adolescents were associated
with one or more similar aged adolesceonts of elther sex,
Groups of more than two individuals tended to be less stable,
though & temporary group comprising 5 {ndividuals and a
stable group of 4 were recorded. Lone adolescents were
Seldom seen, but some individuals were only temborarily
attached to particular groups,

(v) Solitary males: all adult males were basically sclitary,

but sometimes attached themselves temporarily to cows ox
to adolescent female containing groups, Vhile territorial
bulls were associated with a female on 38.3% of all sight-
inga (N = 345), subordinate bulls were seen with a cow
only 8,17 of the time (N = 114), An association of a
subordinate bull with a cow rarely peraisted longer than
part of a day, whereas territorial bulls commonly attached
themselves to cows for pericds of 2-3 wecks. 2As will be |
shown later, such enduring asscclations indicated that the
cow was approaching oeatrua, In two observed casecs in
which a bull and cow stayed together for longer than a
month, this was apparently because tﬁe coew did not concelve
at the first cestrus period, |

1 also cbserved occasional persistent assoclations
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between two nales.that seemed élmost adult in physical
appearance. However, these I could distinguish te be young
adults, so that I have regarded them as behaviourally still
adolescent, Another young adult male was several times
seen together with a territorial bull and a cow and calf,
but again this seemed to be due merely to the persistence
of adolescent grouping tendencles; Lt was never ohserved
of older males, Outside the atudy areas, I twice recorded
an association between a full adult male and a subadult

wale, but their histories could not be followed.

Digecussion

Most whirte rhino groups seem based on a mother-off-
spring bond, or on a "surrogate” bond formed between 2 cow
and an adolescent. Vhile in some cases the artached adoles-
cent may have been a former offspring, this was doubtful er
known not to be so in several examples; conspicucusly those
in whi.h several similar aged adolescents were assoclated with
the same cow. Adolescents avold moving about singly, and
attach themselves to a companien of sirdlar age or any

other group that will accept them, There is no enduring
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association between a bull and & cow, except for the perioed
of oestrus and mating,

Several writers have contrasted the more sociable
vhite rhinoceros, supposedly living in family groups or
herds of up to 14, with the relatively solitary black
rhinoceroa (Gugglsberg, 1966; Ripley, 1958; Yeppes, 1958).
In fact, white rhinoceros grouping patterns'are not very
diffarent from those recorded for East African black rhino-
ceroses (Klingel, 1966; Goddard, 1967; Schenkel and
Schenkel-Hulliger, 1969), except that In the black rhino
solitary adolescents are of more frequent occurrence, and
groups tend more often to be smaller, The largest black
rhino group reported is one of 5 individuals scen by
Klingel in Ngorongoro Crater. This included an old cow
and a young cow together with a cow and calf and a bull,
which remsined together for 4 days, The largeat group
observed by Schenkel at Amboseli consisted of 4 individuals:
an old cow and @& young cow, together with an adolescent
female and a bull, In Wuhluwe GameIReServe, Hitchins
(in 11it.) found that only 1.7% of black rhino groups
(N = 1907) included more than three individuals (compared

with 3.4% for the white_rhIE;, my study). He recorded
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ocne group including 7 individuala, but this may have been
merely a transient feeding aggregation., The alight dif-
ferencer i{n group size may be partially due to the much
tigher white rhino population densities prevailing in
Unfolozi (5/km?), comparcd with those usual for the black
thino (e.g. 0.3/km? at Ngorongoro and 0.8/km? at Hluhluwe).

Most open country grazing ungulate species form sub-
stantial sized multi-female herds with males grouping in
smaller "bachelor “erds" (Jarman, in press). The white
thine is a notable exception, The occcasional associations
of two cows or of two young adult males or of an adult bull
with a subadult presage the more elaborate herds formed
of other aspecies, In most cases where two cows had joined
together, one of the individuals was clearly younger, and
could have been 2 progeny; but in one casc both females
appeared similar aged; and a penetic relationship is
¢learly also not a neceasity for cow-adolescent bond
formation,

Jarman (ibid) relates herd formation to feeding styles
and the degree of interference resulcing from the proximity
of conspecifics; and to the Influcnce of predator defence,

The white rhinoceros is a relatively unaelective grazer,
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in Jarman's terms, and nearby conspecifics do not so
greatly reduce food availability for others, However, adult
white rhinos are almost invulnerable to predation (see
Chapter VI), Though the grouping patterns of adolescents
may ba at least partially an anti-predator strategy, the
major factor propased to explain the formation of multi-
female units in other open country ungulates ia not
operative in adult white rhine, The African clephant is
likewise predation free when adult; but in contrast to the
white rhinc occurs in multi-female family units which may
join into larger units up to 1000 strong (Laws, 1%70).

An additional possiblo advan:&ge in group formation is the
accumulation nf collective traditional knowledge of the
habitat. This could facilitate navigation over the ex-
tensive home ranges utilized by the elephant and most
other unselective grazers (see Table 14), In comparison
with the home range of 125-150 tm? covered by an elephant
group (Lawa, 1970), white rhino females limit their move-

menta to relatively small annual ranges of 10-25 kmz.

2, Intex-group spacin
White rhinoceros groups may be encountered isclated

from other groups, while on other occasions several groups
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may be found feeding in the same vieinity, Such aggrega-
tions of several groups seemed at least par:ialiy the
result of locally favourable grazing conditions, As re-
farred to earlier (Section IV,B.4), during the midday rest
period in hot weather, population distribution is highly
clumped; most or all groups resort to one or another of
certaln favourably situated resting areas, Here they lie
spaced a few metres apart in the shade of the same tree,
or 10=30 motres apart under adjacent trees.

To investigate in more detail the dispersion of freely
wmoving animals, the daily mapped distributions of grazing
rhines in the Madlozi bush-cleared zone were analysed by
distance to nearest neighbouring group (Clark and Evans,
1954) (Table 17). A significant tendency towards aggre-~
gation with other rhino groups was shovn by groups of all
types, Howcver, adult female and adolescent groups were
more strangly aggregated with respect to other groups than
were adult males, If particular group typea are con-
sidered separately (e.g. distance measured from a cow
group to the nearest neighbouring cow gécup), cow groups
remnin strongly aggregated with reapect to one another.

In.hontraac, territorial bulls show a tendency towards a
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TABIR 171 Amalysis of inter-eoroup spacine :

DMatenco to nearcst noiphbouring group analysed by method
of Clark and Evana (1954),

Data from dispersion of grazing rhinos in the Madlezi bush-
cloarad zone,

Batimgted mean rhlno dansity = 6.4/im? (calculated by
territery occupancy indax); Hean group density = 3.3fkr12.

(a) Al) groups considered
tADs _ sADn _ ADf+ _adol

Mean distance to noarast 227 224 147 i25
neipghbouring group ry (a)
Samplo siza W 42 39 178 24
expectod v, in randem dstr {m) 276 276 276 276
ratio rp/ra 0,82 0©,81 0.53 0,45
a (ra) 23.3 2“-1 10.78 29'3
stardard normal variatao z 2,10 2,16 12.0 5.15

signif, of difforenco fram randan pf0.05 p/0.05 pfo.01 pfo.0L

() Only proups of same class consldered
tADm/ sADe/ sADn/ ADC/

tAD  tADlm  sADm  ADF
Estimated mean donsity /la:d 0,62 0.6z 0,62 2.15
Hean nearest nelphbour dstancs {m) as1 4oh has 195
Sample size N 48 75 28 168
expacted rg if randem 635 b7 W7 w2
ra/va 1,50 0.9t 0.9t 0,57
9 (rg) 48,0 136.0 62,7 1.8
standard normal variate z 5.33 .15 0,61 10,7

sigmf, of dif. from random p/0,0f n,s, n.a, pfo.01
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uniform dispersion with respect to other tcrrftorial bulls,
The distribution of subordinate bulls with respect to
elther nearest neighbouring territorial bull or subordinate
bull was not significantly different from random (for this
I considered only territorial bulls and subordinate bulls
aharing the same t:érritory; see next secticn),

8ince some degree of contagion undoubtedly reSulfs
from patchiness in the mest favourable grazing localitics
at any one time, it i3 the differcnces between the patterns
for different socilal categoriecs that are of most interest,
Though cow groups move separately, there is evidently some
degree of soclal attraction towards the proximity of other
cow groups, The average separation between cow groups 1is
a little over half that expected from a random distribution.
In contrast, territerial bulls and subordinate bulls ghar-
ing the same range move more or less independently, The
even specing out of territorial bulls resulta from range

relationships to be ennsidered in the next section,

3, Individual ranges

In Section IV.D., the ranging patterns of cows and

adolescents were ennsidered in relation to habitat factors.
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In this section, attention will be foecussed on the rxelation-
shipa between the ranges of different individuals, and in
particular on patterns of spatial utilization by adult

males,

3.1. Territorianl bulls
{a) The terrirsry mosaic

Early in the study, it was evident that individual
adult males tended to be found in fairly localised areas,
Once the distinction between territorial bulls and subor-
dinate bulls was recognised, iﬁ became clear that the ranges
occupied by terriéorial bulls were mutually exclusive,

Figure 27 presents location points far the six ter-
ritorial bulls in the central Madlozi study area for a
period of a little over a year, The year-round home
ranges occupied by individual territorial bulls did not
overlap apart from a few outlying points, except in a
narroee border zone, These wmutually exclusive home ranges
will be referred to as territorica. All outlying points
can be related t3 dry season movemeats to an  from water
situared at the Nyonikazane Spring in the ssuth,

Similar distribution patterns prevailed during other
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ijona_rangss of six territorlal bulls at

ﬁadloii; Zuna Iéfo - Seit, 1971

All single nightings of each bull have bean
plotted. .here bulls wara kapt under continuous
observatlion, the f{irat and last locatlons for
that day have bean plotted. Additlonal loecations
have besn inoluded where they are of aignifi-
oance in relation to boundaries. Tarritory
boundarias shown ars based on more extansive
abservations.
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time periods, The intorval covered in Fig, 27 represcnta
one during which therce were no chenges in the identities
of the individual territory holders, Fig. 28 shows changes
In the territory mosaic that occurred at Madlozi during
the study period.

Territories were contiguous with no unclaimed land,
axcept for the stcep slopes of the Zintunzini Hills in the
west,

A gimilar territorial pattern exiated in the othex
three Umfolozi study areas, though individual boundaries
could not be mapped so precisely, At Hluhluwe North, two
or posaibly three adult males behaved as territorial bulls,
but they were not scen sufficiently frequently to cenfimm
spatial exclugion,

There was considerable variabllicy in territory size,
both at Madlozi and between the gtudy arnas., The gmallest
territory at Madlozi was that oecupied by the bull A in
1966, which covered 0.75 kn®. This bull had shifted to a
largor territory in 1968, The largest, that of H in 1971,
covered 2.60 km?. For other sl:udy' areas, only an average
territory size can be quoted, Mean terxritory slzes varied

from 1.02 lm? at Mqutsheni, where both population was
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PIGURE 28. The territory nosale gt Madlozi at thras
different tioec

Tarritory linlts wers deternired by napplng
locations of individual bulls end by interactlons
gogurring at boundariea.
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highest, to over 2,00 km2, closely similar to that pre-
vailing at Madlozi,

Tarritory boundarics frequently eosincided with topo-
graphic featurcs, clther watercourses or watershed ridge-
cresta, but never with roads. In other cases, boundaries
were not marked by any physical feature. They were re-
vealed aimply by & sharp tranaition in the relative
likaeliko~d of encountering ane or the other of two
neighbouring territorial bulls (Fig. 29). Boundariecs were
narrow zonea af 50-100 n width that were viaited by both
neighbouring territorial bulls, and in the absence of the
neighbour, bulls occasisnally wandered as far as 100 o
acrogse the boundary "line" before turning back, Other be-
havioural patterns assisted determination of the location
of boundaries, Territorial bulla spray-urinated repcatedly
while oxwing along & boundary region; and when in consort
with an cestrus cow, a territorial bull maved ahead to
block the movenents of the cow in the vicinity of boundarics
(Fig. 30). Occasional barder confrontatisns between
neighbours confirmed exact boundary locations, Boundary
locations remained astable with time, altering only in some

‘cases where tarritary ovnerxship changed,



TABLE 181 Maan torritory sizas in the various study arocas
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Study area Pop. total na, of Moan
Pk “GdT oetedsd _siee (o)
Madlost, 1966 5.3 “6,50 14 1.62
Madlozi, 1971 5.3 19.70 11 1.79
Myutsherd 7.0 5.10 1.02
Gaayint 5.1 7.50 L 1,83
Dengezi (3.7) (6.10+) 3 (2.03+)
ALl 1,50 27 1.65
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Raletiva freruveney of cgcurrenca_of nelghbouring
torxitorial bulls mercss a border Zone

Bagad on 19! points from either single sizhtings
or half-hourly locations during periocds of
continucus observation for tane territorial bulls
I, Q and L at the eastern and northern houndaries
of I s territory; data obtalned over the two year
period Octobar 1€53 to Saptecher 1971. Iocatlon
polnts wers counted withln succassive 35 o wide
strips parallel to the putative boundary lines.
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ogations of tarrit,,r_'z und hloeking
g; ra.etln i Wits cous x et D.-.‘L and nelghbour-

Lng € E‘_i;c:i L bulls L and €.

fib e
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Territorial bulls displayed a high degree of £idelity
to their own terzitoriea, Omn only five occasions was a
territorial bull seen more than 100 m be}ond his owm
territory while water was available within the territory.
The total number of cncounteras with all territorial bulls
in all areas under wet scason conditions was 870; indicat-
ing a frequency of wandering beyond the home territory of
only 0.6%. Such wanderings secmed to ba merely exploratory
salliea a short way across the border, The frequency of
wandering out of the home territory during the dry seasonm,
when water supplies were restricted, was 6.9% (N = 370),
and all excursiona could be related ts movements to and
from the nearest water source,

Tha boundaries of several territories commonly adjolined
at major waterholes, For example, in 1966 five territories
met at the upper Madlozi Spring (those of 4, L, A, P and
R), #ome having narrow corridor extensions leading to the
apring. A similar arrangement persisted from 1968 through
to 1971, though the spring no longer provided any sig-
nificant water, No important waterhole lay entirely

within the territory of any one bull,
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(b) Duration of territsry cecupancy

In Table 19 is presented the number of changes in
territary.ownership that occurred during the study pcriod;
in relation to the total duration for which all territories
were observed, An average duration of occupation of the
same territory by the same bull of 5.4 years iz 4indicated,
Bowever, this estimate is based mainly on Madlozi, and
changes in territory owmership were leas frequent in other
arcag,

The atudy perlod was tos short for me to observe the
total duration of territoriel reizn of any individual bull
except in one case, This bull § had been a subordinate
bull in 1966, bur had become a territory holder by Novem-
ber 1968, In July 1971 he was displaced by another bull,
and thus held the territery for between 2,7 and 5.0 years.
Only one of the 10 bulls knewn in 1966, tADo.L,.was still
territory holder in the same territory when the study
ended in September 1971, having had thus an unbroken reign
of at least 5,3 years, Two further bulls, X and X, still
remained as terrxitory holders, but occupied different
territories to those held in 1966, and G of 1966 might

:have been the same individual as K of 1971.
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TABLR 19, Changos in torritory ownership ogcurring during the study

poriod

Study arca no, of torrit. no. of sum of cbsorv.
obyerved changoy durations* (yrs)

Madloxd 15 11 49,5

Mputshem é a 9.3

Gqayind, 4 a 3.2 *

Dargarl 4 1 3.3

A1 29 - 12 85.3

* = gun of the periods botwoon tho first and tho last sightings of

ths tarritorial tull in each territory
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(c) Utilization of the rerritory

Tha territory occupfed by tADm.I from late October
1969 onwards provided favourable conditions for mapping
detailed spariael utilization. It lay wholly within the
bush-cleared zone, allowing excellent long range visibility,
vhile the adjacent slopes of the Zintunzini range offered
a good overlock vantage point, It will therefore be used
as a detailed example, and comparative reference will be
wade to patterns prevailing in other territories,

The territory of I was relarively small, covering
about 135 ha., It included scctions of all three major
gragsland types, and four temporary ralnwater-holding
pans (Fig. 31)., The nearest permanent water was 3 km
away at the Nyonikazane Spring,

The spatial distribution of diffcrent activities per-

formed within the territory will be considered (Flg. 32).

{1) Grazing. (Fig. 32a) tADo,l concentrated his activities
particularly in the eastern scction of the terricory, where
the favoured grazing areas of short grass grassland lay,
The western and southern parts of the territory which had

a long grass cover, were visited less frequently. More
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PIGURE 31. Ixe %erritory of t:Do.I1, showing habitat
foatures
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PIGURE 32. Distritutlon of agtivitles within the territory
af territorial bull tiD:,I

Based on single sightings pluz novenent paths
during continiocus obgervation sessions over the
two year pariod Qct,., 1969-3ept. 197! {but ra-
lating nostly to wet seascn conditions).

Shedlng indicetes relative frequency of oceurrenca

wlthln 100 0 square sectors; grld key ic related
ta bhebltat features irn Fig. 31.

a, Grazing,
grads grean

N = 247 points

b Walking d. Rasting
¥ = 188 polnts . ¥ = 52 polnts

c. All eetivities
¥ = 507 pelnts
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use of these scctions was made during the dry scason, for
which data are more limited,

As a result of the close interspersion of grassland
types, all territorics at Madlozi included scctions of
both tall themeda grassland and short grass grasaland.
That of tADo.l had a smaller extont of short grass than
moat others. At Nqutshoni, the extont of tall grass was
limited within study area territories, Only a few ter-
ritoriea included hillslope themeda grassland, favoured
by cows during the late dry scason. However, deapite
these variations, all bulls secmed well able to obtain all
their year-round food requircments from within the ter-
ritory limits, No bull was obscrved to lcave his territory
for grazing nceds at any season,

I was not able to obaserve the cffocts of a fire burn-
ing through a territory, which could foree a bull to seck
food elsewherc. Because of the mosalc of short and tall
grass, 1t is poasible that sufficient foliage might still
be left in localiscd arcas to supply a bull's needs for

a short period at least,

(i1} Restinpg. (Fig, 32d) The territory of tADo.I contained

one particularly favoured midday resting site, and an
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alternative resting site a short way to the north-cast
that was less £réquent1y used, The other notable resting
sites evident in Fig, 32d arc those that were favoured
during the dawn rest periad,

All territories contained at least one, more usually
two, such parricularly favoured resting areas, commoaly
situated on low ridgecrests under shady trees. Thoese were
gshared with other rhinos, and no particular tree was mono-
pelised by the territorial bull, Most of the bush-cleared
zone territories were longitudinally arranged, including
a segment of undigstyrbed woodland and extending westwards
to the Zintunzini range alopes, The territory of tADo.l
was unusual in not including any particularly large shady
treea, The boundaries maintained by the previous occupant,
tADo.H, had taken in a section of shady woodland to the
north-east which was used as the midday resting area., How-
ever, at the time of 1's takeover, some of the trees
regenerating in the bush-clearcd zone had grown suf-

ficiently to provide at least adequate shade,

(1ii) Drinking and wallowing. The four pans within 1I's
territory (Fig. 31) provided him with adequate water and

mud for wallewing for about 8 montha of the year, After
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this he had to drink cither at the Lily éﬁn kam to the
south~east) while it seill held water, or at the Nyoni-
kezane Spring (3 km to the south).

All territories included at least cone temporary pan.
Only the few bulls occupying territories adjolning
Nyonikazane Spring, the Mphafa Pools, Gqoyinl Pans or the
two rivers had acecss to water supplies within the ter-
ritory for meat or all of the year, Other bulls had to
leave their territories every 3-4 days during the lnte-

dry season in order Eo drink,

(iv) Wolking and patrolling. (Fig. 32b) Walking by the
bull I tended to be concentrated in the vicinity of the

pana lying in the north-east corner of the territory,
and along border zonea, The latter is related te patrol-
ling movements made along sections of the boundaries.
These are more strikingly depicted in Fig. 33, which shows
the movements of the bull over three consecutive days,
However, the daily repeated patrols made by tADo,I along
part of the eastern border of his territory over this
period was unususl, and seems to have been the result of
a confrontatf{on with the neighbouring bull L that had

taken place there the day preceeding the commencement
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FIGUER 33. Dayliahit coverants of fhe territerial bull I
over tnree coasecutive days, 30 Lar -~ 1 Apr.

ECYAR
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of observations, Neither of the neighbouring territorial
bulle L or C waa seen patrolling along their adjoining
bordara during daylight hours over this period,

Somatimes & bull grazed while moving along the bovder,
but more usually he walked. alowly, nose to the ground, in-
vestigating scents encoﬁn:éred (Examples 1 and 2), Parts
of the eastern and northern boundaries of I's territory
coincided with trails that were sometimes used by tAD.I
and alao by the neighbouring bulls € and L, while patrol-
ling the boundary. However, routea followed were not
conaistent, Thesq trails were commonly used also by
other rhinos moving in towards the resting area situated
to the north-east of ['s territory, taADo,l less fre-
guently patrolled the southern border of his terrirory
and the western part of his northern border, These lay
within long grass reglions where both neighbouring bulls

apant lesa time,

(v) Urinating, Territorial bulls spray-urinated in all
parts of their territories, but they spray-urinated more
frequently while moving along a border region than else-

wvhere within the territory (Fig. 34). Usually only 1l-2
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1217 tADm.T grazas shifting on ME townrds his E border with
L; he scrapes and urimtos sprays, repeats this at 1719 and
again at 1722; at 1723 I walks on X (now on tho boundary lina),
pausos to rub his horn on a troe, contimes, uwdimates sprays,
walks 150 m to the S bark of a4 watercourse hollow just east
of & bushy tres (this was the site of a confrontation with
tAD.m, L tha previous day}, turns and moves W under the troo,
paugses andffing, stands; smlffs, walks on MW crossing tho
watersourse then conmtimues ¥, horns, scrapes and urimtes

70 m on, pausas briefly to lock arcurd 70 m furthor, turns

W, peuses smiffing, walks on N, steadily and purposcfully,
reaches tho territory cormer dungheap, sniffs, digs his horn
into the dung pile, kicka, dungs, idcks 13 times, walks on ME,
urimates sfrays, reachas a small pan at tho cornar of his
tarritory, puusos thore presumakbly drinidng at 1736

EIAMPIE 2, Bordor pateol by tADs, T (Madlozi, 1 Apr'71)

0807 tAfm,I grazos ¥ passing just E of the bushy trea on the
38 bank of a watoreourse hollow which marks the E territory
bourdary locations ho walks on N crossing tho watercourse,
horns, scrapes ard urinatos sprays 33 1 on, walks XE thcn MME,
then ¥y about 100 m Y of tha watorcourse ha looks about,
turns W, urinates sprays, wvalka ¥W, contimes NN, reaches
the territory gernor dunghcap, smiffs about at its edge then
at its conter, digs his horn in the dung with a sideways
movemant., pogitlons himszelf, 'dcks, dunpgs, kicks, walks on
W, turns WY, urinates smrays/0820 I horns, scrapes and
urirates 150 n W of the dungheap, turns W along the trail
at the B bordor bstwasn his territory amd C's, horns,
sorapes ard urinates, smlffs around at bush, stands push-
ing his hoern into the tush, stands munching: woaves his
horn in tho bush: firally turns away S past it, scrapes

ard urtrates sprays ovar the tush/0826 I walks 5, pauses;
contimes S, comoncos grazing,




FIGURE 34.

252

Disparcion of syray-urination sitac by tADm.T

and uelshbouring territorial hulls

Perlod covarsd is 28 Octoher 1969 « 4 Saptenber
1971.

Loeations show all ohservad instances of sprey-
urinaticn,
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DISPERSION OF SPRAY~URINATION SITES
BY tADo’.I AND NEIGHBOURING tADSs
28 OCT. 1969 - 4 SEPT. 197! -

O 5?0 IOjOO

METERS

= 1ADC".
4 tADC.

a 1ADd .
v tADd.
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apray urinations per hour werc recorded while a bull was
grazing quietly well away from the periphery of his ter-
ritory, A few repeated spray-urinations were likely ta be
made by a bull if he moved on shifting location, Away
from border reglons, a mean rate of 2.0 spray-urinations
per hour was recorded (N = 40 hours)., In contrast, while
grazing or walking along a territory border terri{torial
bullas spray-urinated an average of 10,0 times per hour
(N = 12 hours). In one instance, 12 spray urinations were
recorded in 40 minutes, in another 20 in 2 hours. In a
case in which a bull was bloeking the movements of a cow
a2t a territory boundary, 29 spray urinations were rec-
corded {n 122 minutes,

Variations in the density of urination sites were
investigated by counting scrapemarks in strip transects
erientated both perpendicular and parallel to the

boundaries between the territoriea of T

C and L,
Urination sites unaccompanied by the usual scraping action
could not be detected, Four days had elapsed since rain,
which had obliterated all older scrapemarks, Peak uri-

2

nation acrapemark densities of 5-8 per 1000 m® were

recorded on elther side of the apparent boundary line,
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while densities were less than 1 per 1000 m? within the
central part of the territories (Fig. 35). This auggests
that the neighbouring bulls tended to oricntate their
patrols a short distance oﬁ their owum aide of the boun-
dary, However, neighbouring territorial bulls were Seen
patrolling along the same border trail on scme occasions,
80 this may have bcen merely a chance cffect that had
oceurred during the sample period., The increase in the
density of urination sites along a boundary reoglon was
however clearly evident,

To investigate further the relationship of urination
gites to trails, in late May 1971 I counted urination
scrapemarks visible within 3 metres of certain trails,
gome located in border areas and some centrally situated
within a territory, and also along straight line transects
through the same arcas away from trails, Twelve days had
elapsed since the last rain, Highest densities were re-
corded alongside border traila, on the average one
scrapemark being encountered every 25-30 metres (Table
20). A high density of urination sites was also present
alongaide the trails passing through the centre of X's

territory, beside the Madlozi atream, These were some



FIGURE 35.

variation in urination acrapemark denaity across a territory
border regiop

Based on counting scrapemarks along 5 east-weat transecta cutting
across the border between the territorieas of tADds I and L and

4 north-south transects across the border between the territories
of tADos I and C, plus 3 further transects parallel to the I-L
border, one following a border trall, one 5 m east of this traill,
and one 15 m weBt of this trail; four days had elapsed saince tha
last rain chliterated all previous Bcrapemarks.

Figures indicate sample sizes = total number of scrapemarks recorded.

| Iof-
SCRAPEMARK
DENSITY s}-
(71000m?) 2 1

350 250 150 50 30 15 O 15 30 50 150 250
4———w1's territory —————|~— Neighbours territory —>

DISTANCE FROM BOUNDARY TRAIL

89T
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TARE 201 Updiration scrapomark donmitien alonpsida trails .

Sorapemsarks wore countoed within 3 m of trails both aleng bordnr
ragions and away from borders; scraporarks woroe also counted
tlong sirdlar transects away from trails, A 12 day intorval
had elapsod sginea the last rain oblitorated older scrape-

mo .
Tarritory I-L I-C X I I X
Location bordar bordor contral contr, bordor contral,
trail  trail trail trail 20m Hof no
trall trail
Mstance travorsed koo 400 1780 300 L20 720
(motres)
Ba, of scrapemarks 14 16 47 o 2 3
found

Donsity of scr-marics 1/29 1/25  1/33 oj300  1/210 1/20

1:,
i
L
i
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of the main trails followed by rhincs travelling south-
wards towards the Nyonlkazane Spring. Alongside ancther
trail passing through the central part of I's territory,
uc scrapemarks were found; but this trail bore few signs
of recent use, Away from trails, only a few scrapemarks
were found, This ind{icates that territorial bulls con-
centrate marking not only in border areas, but also
beside trails that are being frequentfy used by other
rhinos,

In only one instance was a territorial bull secen

urinating while cut of his territory travelling to water;

this bull urinated in a stream in the manner of subordinate

bulls and cowa., On crosaing the home boundary after re-
turning from water, territorial bulls i{nvariably spray-
urinated several times in quick successfon, Spray-
urination thus occurs only within the home territory and

along ite bordera,

{(vi) Defecation. With rare exceptions, territorial bulls
always defecated at one of the numcrous dungheaps present
within the territory. The tervritory of tADG.1 contained

30 such dungheapa of varylng size, scattered throughout
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the extent of the territory (Fig. 36). Large dunghcaps
wore present around resting areas, drinking pools and
alongside trails, and other such frequently visited
locations, They were used not only by territorial bulls,
but also by other rhinos in the arca. However, only
torritorial bulls acattered their dung by kicking move-
oents after defecation. Located along boundaries were
certain lerge, well hollewed out dungheaps which attested
to frequent visitations by territorial bulls,

In conjunction with monitoring the movements of
tADAI, I alsc monitored daily the use of the variocus
dungheaps within his territory over a five day period.
The surfaces of the dungheaps were raked smooth each
afternoon, and then examined the following aftemoon for
aigns of a hollow kicked out by a tarritorial bull, Three
of the four major border dungheaps were marked almost
daily over this period by the bull while that on the
southern border was marked twice (see Fig. 36). Only
one other dungheap was used more than once during the
five days, 1In all, 15 out of the 28-dungheaps monitored
were marked over the five day period (twe dungheaps were

‘not discovered until later).
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DISPERSION OF DUNGHEAPS WITHIN
TERRITORY OF tADJ". 1

'5?0 :o]oo

METERS
N

Figures indicate number of times dungheap was
. marked over 5-day period, 29 Mar. — 2 Apr. 1971

sxtnnttzn TERRITORY BOUNDARY
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However, the daily ma.rking. of border dungheaps by
tADA L over this period was unusuagl, and as in the case
of his regular border tours, was probably related to a
confrontation with the neighbouring bull L that had t:al.cen
place on the day preceeding the commencement of observa-
tions., In late July, I carried out a further survey of
border dungheaps, including aix other such dungheaps in
addition to the four situated along the borders of tADAI.
Much variability in marking frequency was found (Table 21).
Some were marked twice in one 24 hour interval, at others
3-4 days passed between successive viaits., Three were
merked only once in the 4-5 day perisnd covered; while
for the remaining seven, a8 sum total of 18 viasita was
tecorded; suggesting marking at an average rate of about
every second day.

A few instances were ohserved in which a bull de-
fecated at a dungheap just across his own horder in the
neighbouring bull'a territory, indicating that use of the
dungheaps was not strictly exclusive, However, bulla
seldom explored far enough beyond their owm borders to
come into contact with a neighbour's dungheap. On one

+ oecasion a bull exploring ocutside his own territory
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TARLE 21, Fr

vancy of markine of ten border dunghoa tarritorial

Dungheaps woro exarrined daily for signs of the lkdcking movemonts
charactoristic of torritorial bulls over the five day poriod
27-31 July 1971,

X = froshly marked - = not marked
Dungheap

Dato I I-L I-I~-C I-C L-X I-Cc C-L BU U-B EK-L
27 Ry - ¥ X - X ¥ - X =

28 July X = - - - - - - - 4
29 July - - - X _ X - -

30 July - b oe - - X i X - -
M Judy X X L - - - I - X -
Sum total 2 4 2 1 3 2 2 3 1 1
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limits stood tail curled at a neighbour's dungheap, but no
dung was produced, During journeys to water, territorial
bulls sometimes defecated at traillside dungheaps passed

on the way with the usual kicking movementas,

Territorial bulls were observed walking directly
towards dungheaps for distamnces of up to 100 m before de-
fecating there. Apparently they knew the locatimm of the
dungheaps, At least some of the hollowed out border dung-
heaps were maintained mainly by the territsrial bull con-
cerned. For example, in 1966 there was a prominent
dungheap used by tgndxﬁ vhere his territory adjoined that
of tADA L. 1In 1968, when the border between these two
tarritorial bulls lay further south, this dungheap was
overgrown end evidently little used, Other abandoned
cvergrown pgggheaps could aimilarly be related to changing

patterna of utilization by different territorial bulls,

(vii) Orientation at bordera, Usually a bull displayed

no overt response on coming into a boundary region; he
werely turned quietly aside while continuing grazing.
Semetimes a bull paused to stare ahead across the boun-

dary, and such actions typlcally accompanied occasional
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explorations & short way across a boundary. In two in-
atances, new territory holders displayed more positive
response at boundaries. One bull was watched as he explored
caraefully investigating scents encountered a short way

over his own border, then veered back into his own ter-
ritory (Example 3), In another instance, a new territory
holder of only two days standing stared heaitantly ahead
acroes the border, then turncd and moved somewhat hastily
back into his newly acquired territory (Example 4).

Though the area of short grass favoured for grazing
by tADA\I extended unbroken across the border into the
territory of L, both I and L spent more time grazing 100-
200 m on their own sidea of the border than in the boundary
zone; indicating some degree of avoidance of boundaries.
Since this region was also grazed by many other rhincs,
there was no noticeable vegetational difference at
boundaries. When tADS.H had accupiled the territory
adjoining that of L, both bulls regularly rested only

ahout 200 m apart on the same ridgecrest,

(viii) Excuxrsions to water. Journeys to water were most
usually undertaken during the carly evening, But drink-

ing times werc not consistent, even for particular
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EXUMPIE 3, Exploratlon scross n barder region by & now territorial bull
of 10 days standing (nadlozi, 29 Oct'6?

1038 tADm,T omorges from a wallow at tho !E corner of

Ms newly acquired territory and stands rubbing/ 1040

I walks E, at bush eloprance margin (just across his

territory boundary); ho horns a lush, scrapes over it

ard stands tail curled, but na urine spray is saon; he

turns S, scrapes bare soll and urimatcs sprays, stands rubbing
¥is horn on a tree, then hig hoad, then his side/ 1045 T
wardors on E. (over the berdor), a cow snorts at him 25 n

sway, I puuses, than grazes E, then stands rubblng apain/

1050 I wandars on E, rubs, walks on B then 5, pauses to
_sniff around, mbbles at eithor scent or grass, wardors

on 558 thon E, wipes his horn on the ground at two suc-

coasive sites 1 m apart, serapes hard with both front and hind
hooves avar tho spot, but no urlne spray appears; I walks §,
turns ¥, pausos at a pan to drink (about 130 n E of his border)/
1100 I turns S away fran tho pool, stands Hstening uncer-
tainly at tho sound of ny footstoeps, walks W, comencos

graging ebout 60 o W of the pan/ 1103 I walks i (now 40 E

of hls border) turns tewards a cow plus adelescont, the cow :
gives a fow snorts wlthout risine, I pauses 12 n S5 of themy .
then turns awvay W, horns, scrapes and urinates, turns if in |
tho vicirity of the border, rubs hls horn viporously over a i‘
log soversl times, scrapes past 1t and urinates J poworful

apraysj walks !E thon E {ecrossing the border in corner romion), ' ]
pouses ta amiff at a dungheap about 30 m on, digs his horn vipg- :
orously into it twlee, thraing up dung as he 1ifts his head,
pauses smiffing, smpders on 3, thon Wy turns § about 45 n E of
the berder/ 1120 turns 5W, urinates on erossing over the bor-
der reglon, walks on 54 (back into his own torritory).
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EXAMPIE &, MNervous turming back at territory horder by a now territory

holdar about 2 days standing (ladlozi, & Jun'70)

1702 tAIm,X moves on NE towards i border of his new tarri-
tory, horns, scrapos and urinates sprays, walks on E,
smiffs at the ground, stands with head lifted, ndbbles,
walks on E(this was at the old dry urlna sita of cow)/
1703 X horns, scrapes and urinates, walks KE, pausos at
the W edge of o pan, inelines his hoad to liston te noisca
from the mearby ?}“‘d camp (this pan lies at the ¥ bordor
/

of the tarrltoryl}/ 1707 X shifts E, horns, scrapaos amd
urimtes, stands 10 X moves to the pan, stands hoad dewn
prosumably drinidng/ 1713 X turns away frem the pool, swalks
1, (which is just over the border); X looks up, continues
wvalking HE, horns, scrapes and urinatos, stands lookdng N,
swings his head in a low arc as if to turn away, then
walka on N4, head up attontive ahoad, then stands; turns
avay, walks YSW, rocrosses the tracki pausos to spdff at
dung, contimes walking S, pauses to smiff at the ground
briafly (thera ware fairly frosh scrapemarks here), walks
on S and dzappoars down tho slope back in his territory; I
inmvastigate to see if thoro are any cther rhinos ahead
whore he turned bacl, but find enly twa stoonbok),
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individuals, and occasionally the journey to water was
made during daylight hours (sce Section IV.B.1). On 15
occasions I was able to take advantage of such instances
to follow e territorial bull for part or all of the way
to and from water, and once I followed a bull back from
water at night,

While thusl;uay from their own terxitories travelling
to water, territorial bulls walked steadily pausing only
momentarily to investigate scents along the way, until
the drinking pool was reached, Usuallyla major trall was
followed for most or all of the way, but bulls were also
seen proceeding to water without followlng any established
trail, Bulls sometimes paused for several minutes in the
vicinity of a pool before moving down to water. Usually
about 20-30 minutes was then spent at the water, drinking
and standing around and occasionally wallowing. In most
cases, the rerturn journey was likewise made without pause
until a bull regainced his home territory. Immediately on
croasing the border region, a bull spray-urinated several
times in quick succession and commenced feeding. On two
observed occasions only, a territorial bull grazed during

the return journey though continuing to move in the
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direction of home.

In October 1969, I followed tADG.C all the way to the
Nyonikarane Spring and back., The outward journey of 4,2
km tcok.him 75 minutes; he then spent 121 minutes drinking,
wallowing and standing quietly in the vicinity of the
apring, until 1115 hours. He then walked back through
the heat of midday in 72 minutes. He was thus away from
his territory for a total of 4 1/2 hours, but the extended
time spent at water was unusual, In January 1970, 1
sinmilarly followed tADJ, A to the Mphafa Pool and back, a
distance of 4,1 km outwards, but only 2.9 km by the
shorter return route he followed, Travelling time was
93.minuCes outwards and 65 minutes return, He spent 24
mdnutes wallowing and standing around, but was not able
to drink as the pool had evaporated down to mud a few days
earlier, He tried drinking at pits that had been dug in
the sandy margins by warthogs, but only pushed in the
gides. He regained his territory at 1120 hours, on a
day during which the temperature rose to 41.7°C, having
been away from his territory for a tﬁtal of 3 hours, 1In
January 1971, tADJ,BB took 100 minutes to accomplish the

4,9 km distance back to his territory from Nyonikazane,
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. This is probably as far as any bull needed to travel to
water in Umfolozi Game Reserve. The adjoining territorial
bull to the north, U, was only once seen crossing the study
arga to water, and apparently more usually travelled north-
wards either to the Black Umfolozi River or the Gqﬁyini
Pana,

These water excursions thus keep some rerritorial bulls
away from their home terxritories for periods of up to 4-§

hours every 3-4 days,.

3,2, Sybordinate bulls

The distribution of points of location for subordinate
bulls shows that each subordinate bull tended to localise
tis movements within the territory of a single territorial
bull (Fig. 37), However, wandering further afield oc-
curred more frequently than was the case for territorial
bulla, The best known subordinate bull, a young adult
male HY, was recorded within the territory of tADc,l on
89% of 253 records over a two year period, including
radio-telemetric locations, For other subordinate hulls,
the frequency of location within the home territory varied
from 56% to 1007, but some of this varisbilicy is un-

doubtedly due to inadequate sampling. For all sightings



PIGURE 37.

arg

Houe rangen of four sudordirate oulls at
Yagloz), Ju=ns 1970~Seri, !1571.

All aingle sightings of each bull have been
plettad; when bulls ware salntatned under
continuous obsorvation, the first snd last
locatiors for the day have beeu plotted;
additiornal lceations have beez izcluded where
they ere of sigrnificance in rolation tc
boundaries; territory boundaries shown are
thosa of the tarritorial tull ranges baced
an 3‘18. 27 .
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HOME RANGE DISPERSIONS OF

SUBORDINATE BULLS
MADLOZI STUDY AREA, | JUNE 1970 - 4 SEPT. 1971

\ | O 500 1000
Yana pdim -,.-._.-“"-!..-:_‘_ I_ l I
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INDIVIDUAL .
NO. LOCATION RECORDS 56
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of all subordinate bulls, the average frequency of location
within the home territory was 87% (N = 553), and there was
no gignificant seasonal variation,

Some territories were shared by both a territerial
bull and a subordinate hull (Table 22). Omitted for
simplification from Fig., 37 are the locations of a second
subordinate bull thar settled within the territory of
tAD@. 1 in January 1971. One of the Nqutsheni territories
contained three subordinate bulls in addition to the ter-
ritorial bull, and for a short peried after his takeover
of the territory in October 1969, there were also three
subordinate bulla in the territory of tADSI, In all
study area sampleg combined (Table 22), there were 25
subordinate bulls in 48 territories, indicating that about
one third of all adult males were not territory helders.

It seemed that subordinate bulls spent most of their
time within their home territories, but made occasional
exploratory sallies which scmetimes took them some dis-
tance away (see Fig, 37). Some of these were terminated
after a confrontation with cne of the surrounding ter-
ritorial bulls. After one such meering, the subordinate

» bull concerned was followed as he walked steadily 2.5 km
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TABIE 22, The incjdencs of subopdingte bullp in torritorieg

Study area Ko, of tADn tADS tAlm tADn total no,
torritorios alono 4ailm +2zADna  +33ilms of sAlma

Yadlozt, 1966 8 4 4 0 0 4
Madloed, 1969 1 8 2 1 0 4
tadlozi, 1571 15 10 4 1 0 [
Mqutshend 6 3 1 1 1 6
Gqoyim 4 2z 1 1 0 3
Dongorl 4 3 o 1 0 2

A 48 30 12 [; 1 25
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back towards his home territory, He did not pause until

he crossed over the home boundary, then atopped to rest

for several minutes in the shade of a tree before continuing
on uora.slauly. After another similar confrontation, the
aubordinate bull grazed in short spells only whiie working
his way beck, then paused grazing ateadily immediately
after crossing the boundary back into his home territory.

Subordinate bulls were followed while travelling to
water or from on six occasiona, In a like manner to ter-
ritorial bulls, they walked steadily until water was
veached; but unlike territorial bulls, they commonly grazed
while making their way back home,

Subordinate bulls utilized the area of thelr territory
in a manner similar to that of territorisl bulls. They
favoured grazing in the same localities, rested at :Ae
same rest-places, and used the same wallows and dungheaps,
Except in one speciel case to be discussed in another con-
text, no avoldance of the territorial bull was evident.
However, subordinate bulls neither patrolled borders nor

apray-urinated,

3.3 Cows

Unlike the ordered array of exclusive home ranges
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occupied by bulls, even the home range core areas of cows
pPresent & rather confusing overlay, with multiple over-
lapping existing (Fig. 38).

Another way of considering the home ranges of cows is
in relation to the territorial system of the meles, using
the "territory occupancy index" (see section II.A,5) to
estimate the frequency of occurrence of each cow in each
of the study area territories (Table 23). Only wet season
conditions are considered, but this includes wandering
movements made beyond the core area during periods while
the grass was drying out, but water was plentifully
available, The majority of cows spent over 50% of their
time in one or the other of two adjacent territories. In
moat cases four territoriles encompassed 75% or more of the
estimated frequency of occurrence, and seven territories
over 95%) (average territory size = 1.65 kmz). Howaver,
no individual relationship was evident between cows and
the territorial bulls whose territories they shared.

The lack of spatial intolerance among cows is also
evident in Table 23, For example, seven different cows
shared the territory of tADJ.C as their most favoured

+ territory, while 26 of the 30 study area cows were
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PIGURE 38, 0Overlay of the hode rarce core areas of 25
gaus fraguentirs the ¥Madlegl studv sreas

Shown ara the apparsnt houndaries of the
various hone range core areas, deternined a=z
ir Fig. 20. Total hone ranzes are larger than
these core areas and overlap wores extensively.
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TAHIE 23, Froquency of occurrence of individupl ecows in vearious adult
malo territories at Hadlozi

Infividual frequencios of occurronco have boen caleculatad by "territory
occupancy index” {basod on ratle of sightings relative to sach terri-
tordal mull), under conditicns of ready water avallibility botwcen
¥ov.'69 and Sep'71., Total frequonzios undor 1003 indicate that time was
elso spont outsida study area, Territorias are listed in elrcular
order from south to north then cast; reforance shomld bo made to Fig. 27
for locations of individual territorles.

Torpitory G X-HA-X Q HL L € B I R M-KsH Tot,%
No, of sightings

—of tAln 11 25 B0 35 167 114 98 47 24 17 37

Tdent. Yo, of

of ADY sightimgs

Z 18 hioe 2 42
b4 13 25 8 1 ™
B 4o 36*12 25 6 1 5 1 %9
N iy 9 B*1h 3 1 11 13 2 8
A A5 28 J2¢11 4 12 1 3 o
v 128 1% 24 16 27* 6 3 2 & 9%
L 78 6 6 3*2s 12 16 97
w 95 9 1 8 2 37 2 7 3 99
ot 70 5 3716 2 12 72
X i 6 12 23* & 5 16 69
v 72 7 9 8 20 27 3 t» 8 7 %
HH 62 1 5 19 23+ & 12 é9
R 53 3 2 19 20 29 7
A 53 2 9 22 2 23 12 80
1 24 6 9 26 38+ 9 as
J &h L L 18 21 17 6 24» 97
T &5 5 4 W6 2 B 21 8 o
TT 48 B 6 25 4 4 29 6 78
™ L7 b 9 16 12 L= 10 95
0 113 £ 12 26* 23 21 88
P 78 1 13 18 4 22 39* 5 98
PP L9 1 B 16 & 26 6 6 97
RR 2 3 12 2 20% 6 43
B 25 1 3 & 9 18*12 47
2z 40 i 4 10+% 15
i 62 1 40 3 12 e 100
n ! 4 517 2 & 6 22 &0
58 9 1 1 2 18* 16 37
FP 11 1 2 2 27+ 32
D 25 2 98+ 100

. Adf . in territ,
v Fep 2,71.50,6283.8 4.21,1

"most favoured territory
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recorded within the territory of tADd\L, -Hcmever, in-
dlvidually distinctive patterns were shown by different
cows in their occupation of the various territories,
These eatimates of the frequency of occurrence of
different cows in different territories allows calculation
of the centres of gravity of the individual home range
dispersions, plotted relative to the gecgraphic centres
of theo male territories (Fig. 39). Study srea cows may
be divided into two groups, one copsiating of three
femalas fawouring the Madlozi valley and another including
the remaining 20 .cows favouring the northern part of the
atudy srea, However, apart from this topographic aepara-
tion related to a habitat featurc, there was no clustering
of individual ranges suggesting the existence of distinct
home range groups (Grubb and Jewell, 1966) or 'clans.'
Striking differcnces are also evident in the average
pﬁpulations of cows present in each of the study area
territorics (Table 23). These vary from a mean of 0.6
cows in the territory of tADA.Q and 1.5 cows in the
territory held at different times by tADds A and X, to

3.8 in the territory of tADAL and 4.2 in that of tADJ.C.

) These are of significance in relation to the potential
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Digpersion of the centres of gravity of the
hopa raume distributisss of bulls and cows
at fadlozi '

Centres of gravity of ranges were deterclined

by the veotor sum of ths distributlons of cows
among individual territorles (Tabls 22},
weighted relative to the frequancy of ocourrence
in each tarritory and plotted spatielly re~
lative to the geographlc centres of thesse
tarriterles, Only fenales that wora regular
visltora to the central study arca are locluded.
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DISPERSION OF CENTRES OF GRAVITY
OF HOME RANGE DISTRIBUTIONS
OF BULLS AND COWS
MADLOZ! STUDY AREA

td'= TERRITORIAL BULL
sd'= SUBORDINATE BULL
© Q= COW
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repraductive contribution made by differcnt bulls. The
territories of C and L, covering areas that were highly
‘favoured by cows for grazing during the wet season, are
probably among the most favourable in the whole reserve

in thia regazd,

3.4, Adolescents

Comparable data on tho distribution among various
territories are available for four adolescent groupa only
{Table 24), and for three of these the total number of
sightings was limited., A pair of adolescent meles Spent
most of thelr time within a single territory, while groups
consisting of an adolescent female-adolescent male pair,

or two adolescent females, moved over a wider area.

Discussion

Different social castes in the white rhino population
exhibit differing forms of spatial dispersion, Ter-
ritorial bulls are distributed in a regular cellular
array of sharply bounded, mutually exclusive areas oc-
cupied by particular individuals, Some of these cells
arg ahared, less strictly, by individual subordinate

bulls, Adult females range widely over an area including



TASIE 24, Proquoney of occurrence of intividual adolescemts

among the territaories, Madiszl Sa,

calculations as in Table 23,

Territory X-EAX § BT L CHEs® Tob, &
Idopt, of adal. 7 of
gightings
adolm. b L2 75 & 1 2 83
(with var, adolds)
- adelmg 28 43 11 3 3 3 63
{wvith ver, adels)
adol,m.péedolf.d 71 15 20 57 2 & 1 99
edolf, s (with adelf )25 12 9 14 4 18 13 8 68

289

av, adol, population 5823 -1.92.,52.5
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uﬁ to seven male territories. Adolescent males show an
intermediate pattern (sce Table 25, Fig. 40).

This underlying territorial spatial structure strongly
influences the behavioural actions of adult males. It
circumscribes thelr ranging, influences accessibility to
food and water, promotes special patrols related to boun=
daries, and modifies defecation and urination patterns.

As will be showm on the next scction, spatial position in
relation to the territorial structure strongly modifles

the nature of {nteractions occurring betwecn adult males,
There is evidence that subordinate bulls heed and orientate
their movements to the same boundaries as those observed
by the territorial bulls. In contrast, the ranging
patterns of females are apparently not restricted by the
territorial system of the males (except for the short
period of oestrus), nor are they influenced to any striking
degree by the ranges of other females.

A similar pattern of adult male territories and over-
lapping female home ranges exists in many African bovids
(Bates, 1973), and adult male territories are also re-
ported for Grevy's zebra and the African wild ass

(Klingel, 1972), the pronghorn (Kitchen and Bromley 1973},
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TABIE 25, Comparativo spatial digporsiong of differspt gocial castes among the
territorieg

Figuros roprasent averagod froquonclies of occurrence within torritories
arrangod in ordor of preferance, Raference should bs mado to Tables 23
and 25 for calculations of individual frequoncies of occurronca,

soolal no, of frequonclies of occurronco within particular
caste indiv. territories, arranged in order of prefarance
1 2 3 L 5 [ 7 8 9
territorial bulls 19 9.4 0.6 0.k o 0 o o 0 0
subordimato bulls 3 87 6 & 2 1 0 0 o 0
adolescent males 3 70 22 & 2 1 1 o o 1]
0 o 0

adol.m + adol.f 1 57 20 15 L 2 1
cows 10 ™ 25 WS 11,56 5 2,5 1 0,5
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roe deer (Rurt, 1968) and vicuna (Franklin, 1973). Ex-
clusive territories do not exist in the highly social
bovida of the tribe Bovini, in Caprines except poésibly
the chamois (KeHmer, 1969), in cervids except for the roe
deer, or in elephanta (Laws, 1970; Eilsenberg and Lockhart,
1971).

Goddard (1967) reported overlapping home ranges for
the black rhino in Ngorongoro Crater; and Schemkel denied
the exlatence of territoriality in the black rhino popu-
lations occurring in Tsavoe end Amboseli Parks in Kenya
(Schenkel, 1966; Schenkel and Schenkel-Hulliger, 1969),
but ptesented'no detailed information on home range re-
lationships., However, Hitchina (1972), using radio
telemetry, found that in Hluhluwe Game Reserve the ranges
of three Llack rhino males overlapped only marginally
along one border, while a fourth male shared one of the
ranges., This pattern closely reasembles that existing
in the Umfolozi white rhinas,

In most ungulates, non-territorial meles aggregate
into so-called bachelor herds; and are thus readily dis-
tinguishable from territorisl males, which are elther

solitary or associated with a female herd, In the white
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rhinoceros, in which all adult males are basically solitary,
it 19 neceasary to ude other behavioural criteria to
demonstrate the coexistence of two classes of adult male

in order fof the territorial pattern to become apparent,

If all adult meles are considered together without this
distinction, a system of partially overlapping ranges is
suggested, Since neither Goddard nor Schenkel considered
the possible coexistence of diffcrent classes of adult
males, the reported absence of territoriality in East
African black rhinocercses remaina questionable.

The territories held by white rhino males (0.8-2.6
kmz) are larger than those existing in most other ungulates,
but are exceeded in size By those of Hlyhluwe black rhinos
(3.9-4.7 kn?, Hitchins 1972), the African wild ass (L0+
km?) and Grevy's zobra (2.7-10.5 km? (Klingel, 1972).
Lichtenstein's hartebeest (1.5-5 kn?) (Dowsett, 1966) and
sable antelope (2.5+ kmz, Eates 1973),

'In most territorial antelopes, bacheloxr meles are
excluded from the territories, though the actions of the
territory holder may be 1ne£fect;ve in preventing in-
trusions by larger bachelor herda, particularly where

territories are large (e.g. in bontebok, David 1971, and
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in Grant's éazelle, Walther 1972). Impala territorial
males show a varying degree of tolerance for the presence
of bachelor herds (Leuthold, 1970); sable bulls accept
satellite males within their territories (Estes, 1973),
and Grevy's zebra territorial males readily ﬁccep: the
pregence of bacheler stallions (Klingel, 1972). However,
the white rhinoceros is apparently unique, among speciles
8o far investigated, in that the subordinate males (which
are equivalent to the bachelor males of other species)
restrict their activities almost entirely to the territory
of individual territorial nales.

While some wildebcest males have becn known to occupy
the same territories for over two years (Estes, 1969),
the average durationa of territory occupancy of individual
white rhino bulls are longer than those so far reported

for any other species,

C. INTERACTIONAL DYNAMICS

1. Gommunication
Introduction and methods

In order to interpret interactions occurring between
animals, it 18 necessary firat to understand the signifi-

cance of certaln displays which are of communicatory



296

valence, An action performed by one animal, the actor,

can be regarded as communicatory if it modifies the sub-
sequent behaviour of another, the recipient, Any movement,
posture, Sound or odour displayed by one animal is of
potential communicatory significance 1f 1t can be perceived
by other animals, However, consideration will be reatricted
hera to the more ;ver: and conspicuous displays which
appeared frequently in saclal interactions and which secmed
to have special communicatory functions,

Sounds were frequently made by white rhinos in inter-
actions, and many times they drew my attention to an
incident. Auditory displays were often coupled with
certain actions, but ritualised movements and pastures
alone were less conspicuous, Special actions accompanied
urination and defecation by territorial bulls, but thesc
vere performed independently of the presence of other
rhinos., They may be related to the placing of scent
marks which potentially function in indirect communication,

During observation sessions, all sounds heard to be
made by rhinos were noted, and a similar procedure was
followed for certain action patterns, once these had been

distinguished., The performer and recipilent were identified,



297

and the prior and subsequent behaviour of both recorded,
wherever possible. In quantifying results, all diserete
occurrences of each sound or gesture, recorded aseparately
in my field notebook, were enumerated, Thus, a series of
ten sound utterances each separated by only a few scconds
would be tallied as one occurrence, but 1if spaced by say
two minutes or longer would yicld ten occurrences, Com-
parisons of recorded frequencics of occurrence are
qualified as certain sounds were soft and audible only at
close quarters, while actions demanded closer and more
Intensive watching to be detected, Furthermore, action
patterns were distinguished for a shorter part of the
study period,

Results will be expreésed quantitatively in terms of
the number of times (N) that a particular auditory or
visual display was cbserved, and of the frequency of
occurrence of particular contexts and responses. The
response of a recipient (R) to a display varies depending
nat only on the immediate context, but also on breceeding
events, and on the social and individual identity of the
ﬁctor (A). The treatment followed here will be somewhat

simplified,



ol “MUWWM"
i

1,1, Auditery diaplays
I distinguicshed ten distinet sounds, though some of

these wers somewhat variable in patterning nnd 1o intensity
between different performances and i.u roendition by different
fndividuels, Of thesc, four were aspiratery, cither casal
or thorecic-orzl, and six wore wocal. #ocsiizatiens were
further made in two distinct registers: low-pitched roars

ot grunts, and shrill sgucals of varisble tonsl quality,

a. Sport {N = §70)

Form: & nasal exhalation, or inhalaction, or series of
these (Fig. s"ﬁi}. The actor sometimes turned its head to
look towards the reciplent, while at other times snorts
were given without 1ifting the head f£rom grazing or making
any discernible movement.

Social distributlon: Snorts were commenly wmade by cows,
adolescents and subordinate bulls, but only in rare in-
stances by territorfal bulls (Table 25}, Adult males and
to a lesser extent sdolescents werc commonly the targets
of snorts, Jmong adolescents, snorts were directed by a
smaller individusl towards a larger one on 26 occasions,
and by a larger animel towards a smalier one oa 25

occasiong; in 13 instances, the sizes of the two individuals
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TABLE 25, Aster-recipiont metrix for the SEORT

Tppar fipgure Topresonts methor of tiwes rosorded
Lowar figure Inmtlcates reletive froquency, in porcont

iderTan
tilln  sAlk ADX  adel
tADy 2 71 36t .-
0.2 8.1 83,7 9.4
sAIn 3 21 75 8
: 0.7 2L  Bé 0.9
I A i 3 n 7
? 0,1 0.3 2,8 0.8
sdal 1 5 b &l
T 0.1 0,7 91 7.3
B calf 0 2 16 2
. o 0,2 1.8 0.2
Total 14 106 38% 163
T 1.7 12.5 67.4 13,7

TAELE 27. Actor-recipiont matrix for the SWARL
Legord &3 abova

ACTOR
Y tam  sAln  ARf  sdol
R tiDm 4 isd8 13
0.6 11.5 2.1 2.7
E
AT, sdDa 2 13 58
e 0.3 Z.1 7.8 1,5
. Anr 3 4 ey 4
o a5 0.6 2.3 0.8
adal 2 22
T 0.3 0.8 &7 6.3
B eslt 1] [+ [« 0
H .
Total 15 111 295 185
T 2k 13,0 47.8 0.2

SOl G0 OO0 oG o0 OO E

calt

1
ﬁlz

a
1.3

o OO0 OO0

9
1.5

Tatel

a7
61.6

111
12.7

45
5.2

150
17.2
2.3
871

Total
420
éa,1
8o
13.0

25
&1

75
12,2

516

299
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were similar,

Contexts:

{1 {f-ﬁﬁfﬂ?ﬁ}I R was stsnding near A, or made a move near
& {average separarion disrance = 12,7 m, range 1~5 m, H =
231). This was most commcnly releted to 3 territorisal
bull being in the close vicinilty of enother chino {the
territorial bull being the recipient), but aleo arose
within groups when cne individual moved ncsr enother; It
alsc pecurred when animals came into closc proximiery at

saterholes,

 {51) (£=355/870) R turncd towards, or started approaching

A {average scparation distance = 14,4 m, range 1-40 =,
B = §7). Cows and adolescents gquickly reaponded with
snorts to any direct approach by a territorial bull,
(111) (£=487870) R stood confronting # at close quarters,
only a few metres away., This most commonly arose when & |
territoricl boll investigated another rhino, or when a
terrwitorial bull blocked the movements of a cow at &
territorial boundary {the territorial bdull was the re-
cipient,

(iv) (£~40/870) A found R in front in its intended path

of movement, Such slituations arosc when & zeryitorial
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bull was accompanying a cow, the cow being the actor, mnd
within multiple adclescent groups.

(v) (£=10/870) R either snorted, grunted or squecaled in
¢lose proximity to A, Reciprocal cxchanges of snorta some-
times developed betweon animsls coming close together at
waterholes,

(w1} {£=10/870} R touched #, This arcse either where an
adolescent rubbed sgainst the side of a companion, or when
a8 bull nuzzled the rump of an costrous cou, ,

{vii} (£=9/B70) R moved close by, or otherwise interacted
with a calf, and the mother of the celf snorted.

{viit) (£~4/870) Hiscellaneous casce: once, one enimal
enorted during playful wrestling which had become over-
vigorous; once, a cow snorted at zebras thet were drinking
close beside her; twice, scemingly "vacuum" snorts were

made when theore were no other animals in the wicinity.

Responnes :~

(1) (£=264/752) R displayed no overt rcsponse, continufnag
with its provious sctivitics or dircction of movement. &
then either ignored the other animal, or gave several more
Snorta,

{11) {f=253/752) R checked its approach &nd stood lLooking
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at A without moving nearer, or turncd aside and moved past
keeping the sawe distance.

{141) (£=136/752) R backed away sevcral steps or turned
aside and moved furthor awey,

{iv) (£=30/752) R remained at the same distance, bat turned
to present {ts side rtowards 2,

) &-39!?52} R continued approaching ignoring the Bnorts
of & {K in such cases was a territorial bull approsching

a cow or another bull),

{vl) (£=27/870) R rcmaincd confronting A fro# close
quoarters ignoring its sncrts; this occurred vhere =

territorial bull was confronting a subordinate bull oz,

- loss commonly, a cow,

{vll) (£13/752) R responded with snorts,

Intefptetaticn:- the enort 1s gencrally clicited when an-
other animal cithor moves noarby or approaches, Such
gituations most commonly arise when territorial baells
approach to invostigate other rhinos, or when a territorial
bull is accompanying & cow. Snorts somctimes caused the
reciplent to stop approaching or move further away, and
they iay be characterised as mild “kecp-away warnings"

that ere not always hooded, Snorts were liberally
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soployed to control spacings between atraongers and within

groups,

b. Smart (¥ = 621)

Form: When fzznf expresged, a gruff vocal roar lasting
1-2 saconds; {Fig. 41b) at lower intensitics, cither a
brief grunt {Fig. 4lc}, or & aofr rumdle (Fig., 414}, The
vocalization was always coupled with 2 laying back of the
ear pinnac agsinst the side of the hoad, the head was
thruat forwarda, and the mouth cpened to let out the full
volune of the sound {Place 11),

Social distribution: Simdler ro that of the anort, but
adolescents and gubordinate bhulls were relatively more
1fkely to use the snarl instcad of snorts against a tex-
ritorial bull than were cows (Table 27),  #gainst group
companions, & soft rumbiec or grunt was commonly given
i{natead of a full roar, 2Among adolescents, snerls were
directed by & smaller individual against a larger on 13
occasions, by a larger against a smaller on 9 occasions,

and against s similar sized adelescent 17 times.

Contexta:~-

{1} (f = 261L/621) R appreached 4; frequently A snorted
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PLATE 11, Separation meintaining displays

Fl

A oov onorto and lays her earnp
pack faoing o territorial bull;
the bull haoks away.

4 subordinate bull couples a anarl
with advenoing Steps against ax
approaching tarritorial bull.

i ke 4 i g 5 S L

be A Govw faces a confronting terris
torial bull giving a an:g
Maplay.

d+. A oow mdvances to glash horns
with a bull,
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£irsc, then snaried vhon R continued approaching {averago

soparation distance = 15,1 m, range 2-37 m, H = 24). The

snarl was relatively more commonly elicited from adoles-
cents and subordinate bulls; accordingly the average
asgparstion distance was greater than that recorded for the
snort,

{i1) (f = 181/621) R atood or moved near &, perhaps ig-
noring earlier snorts. Subordinate bulls wers particularly
prone to snerk if a territorial bull made any sudden move
nearby. Cows slac snarled loudly if an accompanying
territorial bull moved in clese proximity {average
saparation distance » 11.8 m, range D,5-45 m; H =47},
{ii11) {f = 126/621) R stood confronting & at close quarters
(Plate 11}, 4 subordinate bull confrontcd hora to horn

by a territorial bull made snarls with every breath,

(i¥) (£ = 25/621) A found R ahead blocking its intended
path of movement; this most usually occurred when a cow
found an sccompanying bull in her way,

(¢} (£ = 11/621) 4nother animal specics moved nearby, or
thera was nothing there. In one instance a cow gave 2
oumble ;t zebras drinking beside her. 411 other cases

can be ascribed to territorlal bulls or scbordinate hulls
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moving ocutside their home territorics, Tho bull secemed to
"{magine" that another rhino was approaching, and rclaxed
when it found oo rhino there,

{vﬂ. (€ = 7/621) & cow Btood warching two bulls sparring
horn to horn in froat of her; whenover they clashod horms
the cow stepped forwards with a grunt, The ecven recorded
utterancesd of the enarl in such a situatien derive from
three separate incidents of this nature,

(vil) {f = 5/621) R touched &, either a territorial tull
reating chin on rump in e précnpulatary advance, or an
animal rubbing against & companion,

{viii} Miscellanecous instancos: twice, when a ncarby rhino
at g waterhole made enorts or grunts; once, when her celf
ran away frem near a bull, the morher advanced with s
smi, and similarly on ancther occasion whon spother cow
confronted a calf; once during a playful wrcstliﬁg march

when one animal seomingly bocome overvigorous,

Responses ;-
(1) (€ = 13574767 R halted ics zpproach, or turned aside
and moved past keeping its distance. This and the mext

were most commonly the responscs of a territorial bull
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to a gnaxl by = cow that it h#d attemptad to npgmacrh.

(11) (f = 134/476) R rctreated, eithor backing away & fow
paces, or turning snd walking ooy, or changing {tz direcc-
tion hostily to move away from &,

(£41) (£ = 90/476) R remoincd confronting A despite ite
snarle, This commonly occurred when a territorisl bull was
eonfronting a subordinate dull, or blocking the movements
of a cow at a territory bsmuiary:

{iv) (£ = B8/476) R paid nc attenticn, centinuing with
its ongoing sctivity at the samc Spacing. Torritorisl
bunlils usually appoared nor to notico the snarl of neacby
subordinate bulle, and scmetimes also ignored snarls from
companion cows or adeolescents,

(¥} (£ = 19/476) R turned eide on to & without retreating.
{vl) (£ = 7/4756) The sparring bulls jumped back 2t the
snarl of the cow, then resumcd their contest.

(vil) {f = 2/476) B responded with 2 snert or snarl,

Interprocaticn: The snarl is given in similar contests
te the snort, but is more likely to be performed in
situations of more extreme provocation, and has a wmore
powerful approach inhibiting or discance increasing

effect. It may be regorded as a stronger keep-mray
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threat than the snort,

¢, Pant {N = 246)

Form: a chesty cxhalation, or inhalation, or sericas of
thesa, most commonly threo syllabled (Fig. 4le). It can
be Imitated by breathing hoarsely, cpen-mouthed, "out-
in~out,”™ with a long accent on the exhaled breaths, #n
animsl uwsually hed its head up while making pants, but no

gpecial accompanylng movemeonts were made,

Socinl digtribution: in contrast to the previous two sounds,

pants were most froquently dizrected by cdolescents towards
cows or other adolascents, or by Zerritorial bulls towards

condort cows {(Table 283},

Contexta:- |

{1} (f = 937246) an individual separated from companions
made pants at Intervals either when slone, oxr while moving
towards other rhinos. Most commonly the sound waa given
by lone adolescents rceently separated from their mothers,
that had not Svel: formed a stable attachmont wich ancother
individual, Cowa that had lost their calves, znd alse
calves'fhat had become zeperzted from their mothers, mde

repeated pants, In one instance, a territorial bull



3o
TAEIE 28, Actor-vocipiont matrix for tho PANT

Upper #iguro reprosents mmber of times recorded
lowor Pigure indieates relative frequency, in percont

ACTOR
tAh  sAls  ADf  adol  calf  Total
i R tam o o o 0 ¢ o
. 0 o o o o 0
B sibe 0 1 o t 0 2
P 0 o4 ] 0,4 9 ¢.8
C am 33 A 11 e 5 122
I 2312 1.6 ul# z?'a 21u ug;e
I adol 5 11 42 0 b
2.0 0 b 16.9 D 23.3
P oaalr 1) )] 15 i) 0 1]
0 o 5.6 ¢ o 5.6
I mm 1 0 22 27 5
2 : Q 8.8 ic.0 1.2 21,3
Totel 39 5 s 139 8 249
¥ 15.7 2,0 23.3 55.8 L2
:-\V T
TABIB29 . Actor-recipient matrix for the KIC
Isgerd as above
¢ ACTOR
tADm sAlz  ADr adol calf  Total
R tAlm 0 8 o ) o o
E o s ¢ 0 o o
€  sAm 2 o o 0 0 2
T 8.7 0 o 2 0 0.7
P ADL 139 20 a & 0 163
I 55,1 7ol o 1.4 a 5.5
B adal 8 o 13 0 116
b 29.3 ) 0 11.5 0 41,0
T ealr D 2 0 a 0 2
0 0.7 o 0 c c,7
{ Total 224 22 5 17 o 283
9.1 7.8 o 131 o
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_panted while tracking down o cow that he had esrlier left

in order to drink,

{i1) {f = 4D/246) One or scveral ocembers of & group ex-
changed ponts while running off from a disturbance, Ter-
ritorial bulls made loud ropeatad pants while running off
behind a cow.

(ILL) {£f = 40/246) One memher of a group initiated a move,
making a pant as it did so; or two compenions exchanged
pants &85 they moved off together,

{iv) (£ = 367/246) One individunl in a group had become
scparated by a short dletance from its companions, or had
legged when they moved on; it panted a3 it moved nearer o
them,

{v) {f = 24/246) One Individual in a group detected some-
thing glarming, such as the presence ofra human iatti:der;
it hastened towards it companioms giving pants.

{vi)} {€ = 10/2486) The actor heard another rhino pant near-
by; it Teplied with pants.

*

Responses: In 10 cases, the recipieat responded with
pants, In 4 cases, & companion responded by approaching

or moving after the actor. In other cases, no overt
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Tesponses were shown to pants, unless they were accompanied
by specific actions, For example, if one rhins ran towards
others while making pants, the latter locked up or ran to

* join ic,

Interpratation: In some contexts the pant appears to
function as a contact seeking or maintaining call, in others
it served to emphasise a friendly approach, and at times

it 19 used when communicating alarm, It assists in main-
caining or restoring contact between companions. It seems
that the pant carxries no specific message, but rather dravs
attention to the performer, who may then convey forther

information by his actions,

d, Hie (¥ = 283)

Form: BRepetitive wheezy exhalacions, with a threb pro-
duced at the initlation of each inhalation; breaths are
short and erratic os if the animal were clwking (Fig. 41f).
The sound produced varies in individial venditions: usually
the hiccing throb is clearly audible, but in some buills
merely & squeaky wheezing ia produced, 4 throb is some-
times produced in the pant between exhalation and in-
halation, and the hic is distinguished by the choking
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pattern of breathing. However, iIntermediate sounds that
were difficule to classify were scmetimes heard, Hics were
heard less commonly than pants, but were 715&&; repeatedly
in the context of éom:tship, and so were recocrded more
times than pents., Hics usually acceopanied an approach
and were made with the head held high.

Soclal distribution: hics were made only by males; most
azually by territorial bulla; but in & few cases alaso by
subordinate bulls or adolescent males that were nearing
maturicy, Except fn a few seemingly accidentel cases,

they were directed only towards females (Table 29),

Contaxts:- _

(1) (£ = 164/283) Most cases weve associated with court-
ship advances made -by a bull towards an pestrous cow, All
such approaches, which may lead te a chin-on-rump pre-
copulatory posture by the bull, were accompanied by a
continual hiceing. 7

{iL) (£ = 66/283) V¥hile approaching to investigate atrange
cows, bulls frequently made a few hics when they drew close.
A few spuch approaches were, appareatly mistakenly, directed

towards young males.
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(L£1) (£ = S8/233) & bull made a few hics while moving

nearer to & cow that he was accompanying.

Respanses: Cows usually responded ¢o hiceing approaches
by a bull with snorts, snarls or other distance maintain-
ing displaye, Only cestrous cows that were resdy to accept

pra-capulstory contact tolersted such approaches.

Interpretation: hiceing signifles that the approach by

the bull is I{n the context of courtship testing, and this
context 18 simulated in other situations in i;hf.:h bulls
need To move nearer to a8 cow, Since all close querter
approaches were sccompanied by hiccing, it was not possible
to obeerve whether a cow would react move antagonisticaolly

in the absence of the hiccing sound,

2, Sguesl (N = 219)

Form: A high-pitched vocal sound riging then falling in
tone, somatimes brecking inte a soft rumble at the end
{Pig. 4lg). Under greaster excitement it may become a

loud singing wail rising and Ealling in pitch several

times before termination {Fig. 41h). There were no special
sssocit;ted gestures, and sometimes Squeals were made with-

out lifing the head from grazing.
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Social distribution: squeals were made by territorial
bulls {2056 casea), only rarely by subordinate bulls {13

OCCUrTencas ) .

Context: the sound was made oaly when a bull was fnter-
acting with & zow at a2 territory boundsry, Bulla sguealed
repeatedly while standing in front of the eow blocking her
progress, while moving round to get between her and the
boundary, and zlso while mercly grazing in her viciniry
while near the tercritory limits,

Responses: {n most cases z confrontation ensued with
snotts ox onarls by the cow, and further squeals by the
bull, In a few instamces, submissive cows appeared to
change dire?tion to move away from the bull when he
eireled round squealing,

Interpretation: the squesl signifies that the actions of

the ll sre in the context of territory boundary blocking.

£, Shxick (N = 75)
Form: &n intense shrill wocel sound, with a tonal quality
reminiscent of the trumpeting of an elephant, usually

rising From a gruff roar; or sometimes a falsetto grosning



=
2
o
=
o

I I Vbt O A

ns

sound in place of te rear (Fig, 4i1i). The ears back, head
thrust forwerds posture of the anarl s maintained, or the

shriek may accompany a horn prodding gesture.

Social distribution: the sound was made only by subordinate
®ualls or by territoriel bulle sut of thefr home territories
or occesionally, by an adolescent male, and was Jdirected

almoat exclusively against territorial bulls {Table 30),

Contexts: the sound was virtuelly restricted to situations

" in which a resident territorial bull was confronting snother

bull. 2t any move by the resident terziterial hull sug-
gestive of attack, such as an sdvancing step, or a feint
towards lowered head, or a horn clash, the repeated snerl-
ing of the t::bcrdiaste bull erupted iato a Loud shriek,

& few individusls made groening shrieks instead of snarls
in such situationa, this appearinz to be mainly an in-
dividual volce aberration, Simllarly in two cases adoles-
cent males directed groaning shricks in place of snarls
sgainst a nearby larger adolescent male, snd once a cow
made g‘ro&ninﬁ shrieks instead of ansrls ageinst a confront-

ing bull,

Responsen: tha shrieks appeared to inhibit the confronting
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territorisl bull from carrying through the threstened
attack,

Interpretation: shrieks seemed to be elicited by a fear

provoking elesent, and appeared to have sn atteck Lahibicing
funetion,

8. ¥hilne (¥ = 41)

Form: a thin mewing tone, rising thea falling in pitch,
usually of short duration {Fig. 4131). It cay scoetimes
becoma a mote prolonged sound rising then Ealling in pitch
several times (Fig. 4#1k). It thus has resemblances to the

squeal of a territorial bull, though I wss readily able

to distinguish the two sounds in the fleld,

%

Contexts:~

(£} (£ =~ 30/41} the sound was made by a colf prior to
seeking the udder to nuree, & calf ifavarisbly made & few
whines before suckling, snd the whines became more insistent

in tone Lf the cow did not immediately allow it to nurse.

(1L} (f = 11/41) whines were alsc heard from young adales-
cents while they were moving near other rhinos to which

they were caly temporari{ly attached,
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h. Sgueak (K = 17)
Form: A short duretion, high-pitched note, abruptly cut

off, which may be repeated at intervals (Fig. 41.1).

Caontexts: the sound was mostly mnde by calves scparated
from thelr mocthers. In threec instances, calves or adoles-
cents attacked by a territorial bull made continuous
squeaks, {mee a lone calf squeaked while hastening sway
from a threatening gesture made by 4 cow. In snother
instance, when several adolescent males made repeated
courtship advances directed towards an sdolescent femnle,

the females aquecked each time she rTose to chase them away.

Responsae: when a separsted calf squeaked, Lits mother
either moved towards it, or panted, and the calf then

moved towards the cow, When an attacked calf sgqueaked,
its mother advanced on the bull with snarls, crusing ic

to broak off the attack,

Interpretation: the squesk Is a protection-eliciting

distress signal used by calves.

1. Gruff squeal (i = 15)
Form: a throsty, rumbling squeal rising in piteh to 2
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tenscd cut-oﬁ, ususlly repeated in z series (Fig. 4lm).

Contexts: the sound was mnde by territoriel bulls while
chasing after other rthinocs, usually adolescents, or while
swioging round to infitiate a chase, Once a territorial
bull made a bricf gruff sgueal while clashing homs with a
subordinate bull, but otherwise the sound did not occur
during fi.gktl.: ot confrontations with other adult asles,
Once peculisr suppressed squeals were heord from a bull
while attacking an adolescent, end similer suppressed

squesls were heard from bulls sceompanying heoed flings in

other situations of excitement,

Besponses: No specific responses could be discerncd, -

Interpreteation: in chasing internctions, the sound may
seTve to emphosise the presence of the bull and thus keep
the other onimal Tunning. In other situstions, Lt appenred

to be marely an expreasion of the state of cucitcment of

the bull,

5. Gasp-puff (N = 12)
Form: a sudden nasal or cheaty inhalation or exhalatten

of breath, like a curt snort or pent.
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Contexta: a gasp-puff was clicited in situztions in which
the actor was startled as a result of the action of some
othor rhino, or upon discovering the cloaa presence of a
hman, or at some other caude; it was emitted es the animsl

jucped away from the cause of alerm.

Responses: T obscrved no specific responses from nearby

chinoa,

Intorpratation: the gasp-puff scemed to be & direct rea-
ponse to a sudden fright, and had no obvlious aignal function,
except paesibly that of drewing attention to the actor,
It resomdles in its eliclting contexts the clsborated

fsteam cngine" puffs mede by black rhines while running

off or charging towards the source of a disturbance,

Othar sounds

During mating, a bull commonly made recpsated soft
rumbler while mounted on the cow, and suppresscd aquesks
accompanied ejaculations, Howewer, thesc scemed to have
nc aignel valence, appearing rather to be simply the
consequenca of abdomlnal pressure. Sounds were alse
produced by actions such as scraping and horn wiping, and

may cmphasise the cffect of the action {v.1.).
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1.2, ¥isusl displays

_ Special action patterns were less strikingly dieplayed
in social {nteractions than were sounds, I recognised
fifteen particular movements or gestures that scemed of
potential communicatory significance, though some of these
are better interpreted as directly funecticnsl sctions rather
then as ritusliscd displays, and some ars of dubicus signal
vzlue, Auditory and tactile elements arz frequently
coupled with movements, More claborate movement seguences
occurring in special types of. interaction will be considered

in later sections,

&, Bars back action

Form: The esr pinnae were laid back sismultancously ageinst
the sides of the neck, with the orifices dirccted posterc-
lateraily {see Flate 11)., This posture was held mntnrtly
or for scveral seconds, Tsually the action was coupled
with & forwards thrust posture of the head snd a loud

Toar was simultaneously emitted, but occasionally the eers
were merely held back briefly without adeption of the full
snarl ection or a snort was made instead of the snerl. The

ector faced directly vowards the recipient while doing so,
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Contexts: The cars back action alone sppesred in identical

contexts to those eliciting the full enarl,

Responses: Responses of veciplents were similar to those

given o the snorl,

Interpretaticn: The ears hlack action secms an intention
movezent towards adoption of the full snarl, sppearing in
situations of lower provocatlon, or when the provocative
situation was diseipated before adoption of the full snarl.
It may thus function similarly to the snarl s a distance~
increasing diaplay, with less energy cxpenditure, Since
the displaying animal always faced townrds the reciplent,
the flicking back of the two cars would be conspicucus to
the latter, and the action could thus serve to give di-
rectivity to the threat. Companfons standing beside the
actor did not rospond., However, this was also the case
with snorts which werce unaccompanied by any special setions.
At night the snarl was still coupled with the cavs beck
zction, and recipients reaponded appropriately, though it
was doubtful that they could discern the movements {ob-
nmuﬁs aided by Starlite Scope).
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b, #dyancing steps (W = 136)
Form: The actor took several quick steps in the direction
of the zecipient, always coupling the advance with a snarl,

or, io & few instances, a shrick or snort,

‘Social ¢istribution: Similar to that of the snarl alone,

but advancing steps were relatively more comronly made by

adolescents then by other rhincs (Takle 31},

Contexts: Similar to those of the anerl alene: {1} R
approached & (f = 59/136); (i1) R moved near # {f =
46/136); (i11) R confronted A (f = 17/136); {iv) R blocked
A's intended advance (f = 9/136); (¥} R made tectile con-
tact with & {f = 3/136); (vi) R anorted ncar & (£ = 1/136);
{vii) twe bulls clashed horns in front of a cow {f = 136),

Raames: Again, similar to those given to the saerl
elone: {1} R retreated (f = 74/124); (i1} R ignored A
(€ = 287124); {111} R stopped approaching, or desiszed
from touching {f = 20/124%; {iv) R turned slde-on to &
(f = 271283,

Interpretation: Advencing steps coupled with a snarl exert

& more powerful distance increasging offect th:;a the enarl

alone.
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c. Hory prod (H = 44)
Porm: the head was lowered and an upward jabbing movement

R

g

with the horn made in the MMroction of thoe recipient,

e

‘Occasfonally the body of the recipient was struck bhut more
usually the action was checked before contect was made, or

the vecipient was pushed away gently with the horm. 4 horn

prodding gesturc was sometimes made at the end of an ad-
vancing snarl, at other times it was coupled with a gtunt,

ramble or enorvt, and sometimes it was delivered silently,

Social diatribution: Horn prodding geatures were st
commonly made by cows or adolescents against adclesceont
compandonz (Table 32).

Contoxts:- .

(1) (£ = 23/44) R moved clese by #, usually at a range of
caly 2-3 m, (i1} (f = 8/44) R was in front blocking A's
intended path of movement, (1il) {f = §/44) R approached
£ A. {iv) (€ = 6/44) R stood confronting & at close
quarters. {v) {f = 1/44) R rested its head against the
blank of A,

Responses:~

(1) {f = 23/41l) R retreated moving away from A; ({L)




326

or-resioient matrix for tha HORY FROD
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{f = 93/41} R ignored A's action--this wes usually the case
of a terrirorial bull confronting snother rhino; {ii1)
(f = 2/41) R threatened back; (ivy (£ = 1761} R turned

to face away from A.

Interpretation: the horn prod Is a rituslised attacking
movement serving to drive another rhine away from the close

proximity of the actibr,

4. Horp clash (¥ = 72)

" Form: The head was lowered so that the enterior horn was
aloost parallel to the ground, and the horn was hit side-
ways once or severzl timee against the hom of the re-
eiplent, This action usually appeared at the end of

ar. sdvancing snarl by a cow or adelescent when the opponent
did not yield, Horn clashes by bulls diffored in that they
were usually mode without accompanying wocalizations, and
sometimes a forward thrust was mede rather than a sideways

hiteing tocgether of horns,

Social distribution: Similar to that of the advancing
snarl, except for iea occurrence alsc in male-male inter-

actions {Table 33},
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Contexts: (f = 44/72) in confrontations between territorial
bulle, or between & tarritorial bull and a subordinate

bull: (11} (f = 12/72) when R was cloac beside or near A;
{145} (E = 9/72) R approached 4&; {iv} (£ = 3/72) by a cow
coafronted by & bull; (v} (f = 3/72) when R enorted or
sanarled close beside A; (vi) when R was in front blo:_:king

A's path of movement,

Besponses: (1) {f = 54/68) R blocked the horn clash with
{ts own horn, but did not yield ground; (il) (£ = 12/68)

R was driven back, or retreated; {iii) {f = 2/68) R also

clashed horns back with snarls,

Interpretation: the horn clash i3 a more extreme gesture
than the advancing snarl alone, used to rapel encroachment.
Similerly to the hora prod, the attecking moticn is
ritusiised, in that the blow is usually delivered merely
against the opponent's horn. However, in some Iinstances
when used by bulls it seemed to be more a checked attack-
ing move,

@, Charge
Porm: The charge was distinguished from advancing steps

in that the actor advanced at a rapld trot for a distance
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of at least seweral metres, and in that charges were made

ail ﬂ!t!? .

Context: Cherges were made only by terzitorial bulis, and
were usually directed against other bulls encountored within
the terciteory, Occasionally terricorisl bulis charged cows,

but these instances secemed due to mistaoken {dentification.

Responsa: Nelighbouring territorial bdulls met charges
sileatly, while subordinate bulls and cows stocd giving
loud snarls, Charges Icd either te s brief clash or horns,

or to a horn to horn confrontation.

Interprecation: The chaxge 18 an intimidatory display
used by bulls,

=

£, Hond Flings
Form: The head waes swung up and down rapidly with a toss-
ing movement, fregquently with sufficient vigour to produce

a prancing action of the forequarters.,

Contexrs: Head flingy were commonly made by young animals
gither praceeding or during & play interactisn, ©On 10
occasions, head flings were alsc displayed by bulls, both



3¢

terzitorial bulls and subordinate bulls. On 9 cecasions,
thoy were made by a bull while turning sway from & con-
froatation with 2 cow under conditions of excitement; for
example, twice when the meeting hed taken place at a ter-
ritory border, and once whon an cestrous adolescent female
had blocked an attempted approach yet again, Once, a young
subordinate bull made head flings while turning away after
a playful horn wrestling interaction with another young
subordinate bull. Once & cow made hesd flings while turn-

ing awsy from a nasonesal meeting with enother cow,

Responses: except in play, no specific responses were

shown by the reciplent.

Interpretation: Head flings seemed to function sz & play
ixvitation among young animals, When given by bulls thay
indicated a state of ezcli:emnt but had no apparent signal

walus occurring at the termination of encounters.

8. Pxgeenting the anide
Form: The actor shifted orientation from facing towards

the reciplent to stand side-on.

Coantest: This gesturc was made by bulls scemetimes In



ot

n
rasponas to snerts or snarls from companion cows,

Ecsponse: The cow then telerated the bullfg presasnce the

sang distance sway when he wan In Iatersl orientation,

Interpretotion: Since an approach could mot be initiated
by the bull from the lateral orfentation, ths action
appeases the cow,

k., st b atar

Form: A bull stared head up with his horn pressed against
that of the other bull. The eer pinnae tended to be held
directed forwards, though this orientation mas not vigidly

sustained {sce Frontploce).

Contexts: The displey oppeared In meetings between bulls.
Towards cows, a territorial bull in contrast ususlly main-
tained & spacing of a few metres, tw the alert posture
of the confrenting bull was similer,

BRosponsens §uch dlaplays were reciprocated by nelghbouring
territorial bulls during border confrontaticons. Subor-
dinate _hulis faced the territorial bull utterisg repeated

anorle
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Interpretation: The physical prescnce of the dominant bull

at such close quarters seems to serve as an intizddatory

display.

Form: The anterior surfzce of the Eront horn was wiped
over the ground or & bush with a sideways twisting movement

of the heed,

Contexts: Horn wiping was most commonly observed as the
inictial element in the urination ritual of te‘rrltc«rlal
bulls, Without urinaetion, it appearcd during confrontations
between nelighbouring territorial bulls, 2nd bulls alse

horn wiped while blocking the movements of cows at territory
boundarics, . It was also made by bulls discerning or being
approached by another bull at waterholes. Twice, subor-
dinats bulls werc seen to horn wipe sfter eniffing at the
uzination site of 2 terricorial bull. ©On scveral ocecasions,
tarriterial bulls dug thelr horn vigorously iInto a dung-
heap, Once, & subordinate bull horn wiped when approached

b}'ﬂ? car,

Sespmaa_: In waterhole Interactions, the horn wiping
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action seemed to tause the other B;éll to stand back avoid-
ing a meoting,

Interpretation: The horn wiping sction sppears o function
as an assertion of presence and atatus, The audible sound
of the wiping movement draws sttention te the presence of
tho actor, It was exhibited mostly by territorial bulls

#nd never by cows, -

~

J. Scraping ‘
Porm: The hindlegs, and sometimes the forclegs as well,
weres dragged forwards wich the medial hoof nail pressed
ageinst the ground, leaving a scour mark 0,5-2 m long
{Flate 13)}. Usually cach leg was dragged nc more than
twice, '

L]

Contexts: Scraping was most commonly Seen as an element
in the urination ritual of territorisl bulls, In cases in
which vrination did not fnllaw, contexts werce similar to
those eliciting spray-urination, and it seemed that the
final atep hed merely boen omitted. Territorial bulls
also sometimes dragged their legs aleng the ground while
stuffling backwards or forwards during confrontations,
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and once a8 torritorial bull acraped stiff-leggedly scveral

times while moving sway terminating s confrontation.

Interpretation: Thoe sound produced by the xraping actlion
would setve to cmphasise the presence of the bull during
interactions, There was no Indication that rhinoa responded

wvisunslly to the scrapemarks produced, and in the urination
ricual {ts function secems releted to deposition of the

scont mark {v.i.3}.

k. Tzil curled
Form: The tafl was curled vpwards in a spiral. This poa-

ture was held, or the tail was curled and uncurled in res-

ponse to changing stimuli,

Contexts: (i)} during urinacion and defecation; (ii) upon
becoming slarmed, or while running off from & human

intruder; or upon smelling human scent tracks; (iii) while
being chased by eanother rhino (usually the case of sdoles-

AT

cents being chased by a territorial bull); or while walking
1 on after being chased; (iv) in conjunction with the snarl
display; (v} by a territorial bull, while menozuvreing to

Block the movements of a cow at a territory boundary;
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{vi) by s territorial bull, after losing contact with a

cow that he was accompanying; (vii) by one particular young
aubordinate bull, whenever the terzitorial bull appearcd

naarby; {viii} by a lone adcleacent, while approaching or

soving oear straagé thinos;: (ix) while walking on ylelding

sand beside 3 river; (x) at a sudden thunder crash, Hum-
bers {L)-{iv) were the general and most commonly cbscrved
contexte, (v)-{viil) rcprascnt less frequently observed

contaxts, and {ix) and (x) were simgle instances.

Begponacs: No specific responses were sbgerved. The tail

curling action was inconspicucus and was given indepen-

dontly of the prosence of other rl:inns; and othor rhinos.
when present paid no apparent visusl attention tc the dis-
player, eue;:t in circumstances such as chasing. When
glven with a snarl display, the tail curling would not be
wisible to the recipient.

Interprotation: Taill curling appears associated with
gitustions of general autoncmic stimulastion; that fs, with
elimination, and with situations where nervousacss or fear
on the part of the displayer might be suspected. It was

particularly wuseful to the observer in indicaring eloments

s
o ra
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of fear where this might not othorwise have been appareat
==ag with a bull blocking a cow at a boundary, However,
there was no indication that it had any such signal valwe

to other rhinos,

1. Baponessl meeting

Form: One, or both, animale advanced to meet, Sometimes

they sniffed with ratsed heads or, more commonly, they stood
with heads low in relaxed posture, froquently with their
anterior horns prossed together (Plate 21). Movements

were slow and relaxcd, scomingly to overcome the antagens

iatic reaction likely on the part of the respoondent to a
dixect approach, The initiator commonly advanced to a
few metres separation, then stood guietly, head low, 28
if dozing. 'ﬂse respondent then approsched to meke horn

i nudging contact, or scmetimes this wag achicved after
saveral such moves, Hasonasal meetings commonly lasted
sboutr a minute or less, and longer meetings were likely ta

develop into horn wrestling.

Contexta: HNasonasal meetings commoniy developed out of
3 encounters involving adolcscents, calves or cows, and

were rare among bulle (Table 34),

T T —
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Regponses: Sometimes the epproach to meet was mutual, in
other instances the respondent merely stood guletly per-

oitting the actor to advance. In eome cases ths other

rhino responded with snorts or snarls to an attempted

approach, causing the actor o desist,

Interpretation: Though visual and tactile elements are
included, the significant feeture seems to be the close
olfactory contact sllowing potencilal fndfvidusl {denti-

ficarion, I have distinguished those nasonasal meetings
from other cases of olfactory investigation by the slow

relaxed movements which commonly lead to a gentle horn

pudping contact. However, many encounters between bulls
and cows can be interpreted 2s one-gided nasconesal inwves-
tigations, ih which an approach closer than within a few
metres was provented by the antagonistic réspafic' of the
cow, Similorly, territorial bulls come inte close ol-

fsctory contact during the horn against horn stare,

IR —

Rasogenital investigation was never scen, except during

precopulatory contact,

. Horn wreseling

Form: Horn wrestling commonly developed out of a nasenasal
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encounter, Weaving movements were made rubbing the two
horns together, and these led to more active pushing and
prodding movements, Adolescents and calves werc most
sctive in iniciating horn wrestling, but adult cows, and
in one instance two adult bulls, sleoc wrestled horns
{Table 35), Tho actions arc thosc of playful fighting,
and will bde treatod more fully in Section E.

a. Ateack

Form: Attacks were distinguished from hornm clashes in that
several successive horn jabbing movements were made, which
wgrte clearly dircsted cowards the body of the opponent.
Lascs of attack were rare and will be considered in more

datail 1o the next scction.

o. Hght

Form: In a fight, attacking gestures were reciprecated

by both opponecats, Only two fights werc cbserved, both

-betwgen territorial bulls, Further consideration will

be doferred to the following sectionm.

1.3, Tactile displays
Tastlle elemants are incorporated within scveral of

tha visual dispinys described above, as when two onimals
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Tubbod horns together, There was only ane primﬁ:i.ly
tactile display, o

Rgbbing sides

Form: Onec animal rubbed its side against that of another
in moving past; or less commonly one animal rubbed its
hoad or anothei part of its body against that of a

companion,

Contexts: Bibbing sides mostly occurred simply whon cne
animal wes moving close past the other, In m instances,
when one animal was up and apparcatly Teady to move on
while its compantion still lay sleeping, the sctive in-
dividugl rubbed its head on the rump of the other. Rubbing
was resttict:zd mostly to companions of Long standing,
though on & few occasions it occurred between tomporary

companions ,

Responses: In the two instances described above, the sleep-
ing companion did not immediately respond, but a few minutes
lster roused itself and moved off with the other, Rubbing
sides was tolerated by a close companion without overt
:aspem%, but in several cases a rhinc responded with

snorts when tactile contact was made by & more tomporary
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group assoclate,

Interpratation; Acceptance of guch tactile contact wad
seemingly an expression of a close bond between two in-
dividuals, probably serving to develop and strengthen
such bonds,

1.4, Qlfactory displayvs

The only scent glands reported to cccur in the white
rhino are preputial glands (Secticn II,A.4), Olfactory
signale thus ieen limited to the odours of dung and urine
and general bodily odour. Special actions were asscciated
with defecation and urination by terrirorial bulls, These
defecation and urination rituala scem related particularly
to the placing of persistent scent warks in the environ-
ment, While defecation end urination by cows, subordinate
bulls and immature animals was performed in & directly
functional manner (Section II.C,3), odours attached to
the dung and urine wmay carry significant lnformation,

in ton cases I was able to follow sufficiently closely
behind bulls to investigate all sites where they paused to
aniff, Three of the bulls were territorial bulls explor-

ing within their home territories; tihree were deposed
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ex-tertitorisl bulls exploring arcund the borders of formerly
held territories; two were territorial bulls rravelling

to water, and two were asubordinate bulls travelling to
water. Some 54 sitens of evident olfactory interast were
recorded. Somall dung plles, the products of cows, subord-
inate bulls or immature rhinos, were present at 16, Scrape-
marks indficating a territorial bull urinselon site were
found at 14, Ar 10 there wero damp puddles, marking the
uripation site of a cow, subordinate buli ar'imtutn
animal, Lerge permanent dungheaps were present in 8 cases,
At 6§ aites, nothing was discernible; these could potentially
alsc have been the urination sites of te:ritori#l bulls,
where the ascraping asction had been omitted, or Some other
scent may have becn present. Territorial bull urination
sites and scattered dung piles are morc abundant in the
enviromment than puddle urination sites and dungheaps.

A11 are evidently of significance to bulls,

8. Defecation

Form:
{1) Defccation ritusl of territorisl bulls (Flate 12).
Territorial bulls always made kicking movements before

and after defecation (Table 368). Typically z bull firset
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PLATR t12.

- I e

g. A territorial bull soiffs at A

dungheap prieor to defecation.

A dungheap showing pDarks of util-
izatlon by a territorial hull; in

th wo b g
TR O T AP
hindlegz., .

Defecstion yAtual of fterritorisl bulls

be A territorisl bull scatters hie

d.

dung with backwardly directed
kioka following defocatlon,

A large border dungheap with a
propinent central hollow; cGrattered
around fh" perineter are asingle
ung piles.
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TABLE 36, nn P to
! . Idemtity no. of procesding kleoka no. of following kicke on contrally
l ~of tAll . dunghoap  docated
, Ay JHAX - Fday B ay, max, .. .o,
i T 25 2.1 28 3 o 104 15 h
‘ L 10 58 () 1 13 95 15 2
c 232 13 8 S 8 9.2 1 b4
i X 5 7.8 10 5 g 8.6 12 5
i) 4 4,0 7 2 5 13.8 19 9
Cthors 22 6.1 21 2 38 8,8 18 2

' ALL 66 7.2 28 1 » 97 19 2 29 192
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approached a dungheap, and devoted one or several minutes
to aniffing arcund at the dung accumulation, He then
poaitioned himself with his hindlegs near the centre of
the heap; 1f there was a decp central hollow, this meant
that his back sloped downwards considersbly posteriorly,
Be then commenced a Serles of backwardly directed kicks,
shifting weight frem one hindleg to the other, and pushing
th; non-supperting leg vigorously backwerds, so that the
sole of the foot contacted and sent flying any dung in its
path, Usually from 3 to 13 preceeding kicks. were glwven,
#s the fecal boluses cmerged, the bull shifted the hindlegs
anteriorly, and curled his tail upwards, sc that the dung
fell clear of the legs. He then delivered usually from 4
to 1S furthor kicks, then walked off. 4s & result of the
kicking action, his freshly deposited dung wae sScattored
aboyt the surface of the dunghcap mixed in with pre-
viously accumulated dung, Exceopt in two zases slil ob-
served instances of defecation by territerial bulls were
on gstablishad dungheaps, and almost always in the centre
of the dunghesp {(Table 36). In the two exceptional
Instances, defocation occurred on the freshly deposited

dung of the cow that the bull was accompanying.
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{11} Defecation by othor rhinas. Subordinate bulla, cows,
adnieiﬁen: males and aven calves occasionally made kicking
movements following dofecatlion (Table 37}, Howewer, these
differed from the kicking movements made by territorial
bulls in that in moat cascs they wera merely token gastures
pexrformed without sny force, and only in rare instances
was the freshly deposited dung pile disturbed, Occaslonal
instancea of more vigorous kicking by subordinate bulls
seemed related to apecial circumstances, The saDo. X
regularly made kicking wovements following defecation, and
aftor a fow months assumed the status of territorial bull
in a nearby territory. FWhile with an oesrrous cow,
8ibo, B preceedad defecation with 1-2 slow kicks, and
foliowed it with 1-7 good kicka; at other times, he was
never seen to make more than 1-2 empty kicking gestures
after defecstion., Male B had been a territorisl bull

less than a year carlier., Another ex-territorial bull,
silo.4, was once seen Lo preceed defecation with 11 low
intensity kicks, and follew it with & good kicks which
sent dung flying. This ccocurred just before he regained
his home territory {the same one that he himself had

formerly hald) after 2 wandering excursion, during the
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TARLE 37. Pofacation petterne of other rhineg
Sorind prococting kicks following kicks oh contrally
Clans accur= av. max, ofour~ AV, DX, dunghoap Looatod
apcey -

LLIGER .

3 2/5 2,0 2 519 7

| 0/6 ~ - o/s - -

il of4 - - rii; 50 10
AL 5/39 41 2247 2.8 10 10/19 519
adolm 1/37 1.0 1 12/b2 bt 10 13/20 1/8
ADf ‘ o/n - o= 10fo1 3.2 2% 28/ k74 %)
adolt 0/40 - - 0fs0 - - 10/25 0/8
calf 0/19 -~ - 2/19 65 8 512 o4

*axcludod in ealeulating avorage
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course of which he had been challenged by another territorial
bull, Six of the ten observed coses of dung kicking by

eows can be aseribed to a single individusl, In one ex-
cepticnal instance, this cow deliverced a series of 235 kicks
post defecation, some of which pushed the top of the dung

pile gently backwards, She had a four day old calf with
%or at that time, Two further obsaorvactions of kicking
movesents by cows can be related to individuals with vory
young calves, Scveral of the cbaerved instonces of kick-
ing movements by adolescent males can be aecl;-ibaé to con~

ditiona of apecial excitement, for example when agitated

o

L

by oy presence, Two instsoces of dung-kicking by calves
wore obeerved, both by males., One of these was an Infant
only two months old, which made 5 kicking wotions after
dunging next to the dung of its mother., Subordinate bulls,
cous a-nr.l imaﬁn:e animals defecated as often away from a
dungheap 22 on 2n established dungheap, and scldom
orientated towards the centre of 2 dungheap (Table 37),

Contexts: Ehinos were stimulaeted t2 defecate by the pre-
sence of other rhinme dung. It was common for aniesls, on
entcuntering o dunghesp, to pause to add further con~ .

tributions. Group companions usually defecated almost
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simultancously, or within a few minutes of onc another,

© Where defecation cccurved away from established dunghcaps,

there was often a dungheap a few metres away, or at least
a fow scattered dung piles in the vicinity, Terxritorial
hnlis seemed to know the locations of varicus dungheaps
within thelr territories, and walked distances up to 100
motres to make use of them, However, while some dungheaps
hed a prominent central hollow, others showed little evi-
dence of kicking covements, and there was va:.-'iability in
the usage of difforent dungheaps by territorial bulls,
The spatial dispersion of dunghcapa and their use by tec-
ritoriel bulls was discussed in Scetion B.3.1,

Responges: Territorial bulls saiffed carefully at dung-
heaps before'defecating there, somctimos spending several
minutes in the process, They also sniffed at dungheaps
on occasiona when they did not psuse to defccate. More
attention waa paid to the scattoered dung piles of cows and
adolesconts arourd the periphery of the heap than to the
central accumulation., Territorial bulls also commonly
sniffed at dung piles encountered away From the dungheaps.
If the ccw that ke was accompanying defecated, a ter-

ritorial bull moved op to sniff st the dung as soon as she
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hed moved om., In one case a toerritorial bull nibhicd at
dung on & dungheap, then stocd with head lifted in the
"flebmen® posture. This response wae cxceptional, and may
have been occasioncd by the prescnce of urine on the
dungheap,

Another tesponse occasionally exhibited by territorial
talls was to dig the horn into the dungheap. The bull
interted his anterior horn decp into the dung pile so that
bis snout was eleo buried, worked it sbout vigorously, then
11ftod his head with a large mass of dung adhering between
the two horns, 7This response which was cobserved on &
occasions Scemed to be restricted to special circumstances.
In two cases, horn digging was exhibited by a territorial
bull after eniffing at a border dunghesp gemerally used
by the neighbouring territorial buil; {n a thizd instence
horn digging slso ncc;:tred in the region of ene of these
border dungheapa, though I was too far sway to confirm
tho exact locstion, In another case horn digging was
dingzareé by the owner of a dungheap, upon arriving there
seven hours after the nedghbouring territorial bull had
defeca:eé thera, A fifth case at s border dunghesp in-

volved a nowcomar bull a few days pricr to his taking
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over onc of the territories. ZAnothor two cases togk place

"at dungheaps beside waterholes, which were thus likely to
be visited by strange bulls, Cases 8 and § also toock
place at barder dungheaps, though I had no direct evidence
that another bull had previously defeeated there,

The hora di;gi;ng response seemcd to be correlated with
the presence of the dung of a strange bull on thoe dungheap.
To teat this assumption, I trensferred territorial bull
dung collected in cne territory to & dungheap in another
territory, However, after sevetai such attempte and many
hours of waiting, I secured only one obscrvation. The
tarritory owner gave only & cursory sniff and did not
appear to notice the foreign dung, Another negative ob-
servation was made at a drinking pool dungheap, where a
steange territorial bull had been observed to dung. An
hour later the nelghbouring territorial bull arrived,
sniffed at the dunghcap and at wvarious nearby dung pues,'
but displayed no response to the preosence of the dung of
tha other bull.

In ong observation, & territorizl bull arrived at a
dungheap ;t fowr minutes after his resident subordinate

bull had dcfecated there and given ten succeeding kicks,
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The torritorizl bull sniffed but showed no overt response,
even though the subordinats buli renained atan&ing anly
& fow metres meay. )
Territorial bulls on the way to water also paused to
sniff ar dunghcaps encountered in other territories, In
one uhlervatfaa, a territorial bull exploring across the
border in & heighbour’s territory paused looklng about
tail curled at & hungheap, but did not defecate there,
Cows, calves, adolescents and subordinete bulls also
paused to spend periods of 15 seconds to a aﬁi.nu.te or longer
sniffing at dungheaps and dung piles, Once an adolescent
female nibbled at Ereshly deposited tervitorial bull dung,

picking up picces 1n her lips then allowing them to fall,

Interpretation:

Dungheaps provide 8 set of locaticns which bear a
record of the visity of many different rhinos. Though
thus not exclusive to territorial bulls, mest or all of
the dumgheape within a territory are marked swith the dung
of the residentc toerritorisl bull. The dung scattering
action would seem to Eacilitate 2 more powerful release

of scent, by increasing the surface erea exposed, and

furthermore distributes the scent of the bull over the
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dungheap, “The dung accumulation at the centre of e
dunghesp 1s likely to conailst mainly of the dung of the
tervitorisl bull, Surrounding this are the scattercd dung
piles contributed by rhinos of othor social clagses. The
odour of tha dung may also be transfarred to the feet of
the tercitorial bull as a Tesult of the kicking action,
and thus trensferred gome distance sway from the immediate
wicinity of the dungheap. Afirborne distribution of odour
from the dungheap may alse bo eignificant, the dunghcaps
parhaps functioning as scent beacons from which any
characteristic scent attached to the dung of the terri-
torial bull may be wafted downwind,

Asguming that Individually characteristic odours nmay
be sssociated with the dung of differeat individuals, the
dunghoapa provide a record of the identitics of the 7
varicus rhinos that are in the vicinity at the time, By
Eurther being marked clearly with the scent of the ter-
ritorial bull, they also bear & record of the identity
of the territory owmer, and of his recent presence ia the
area, The large border dungheaps which secemed to be used
mainly by territorial bulls may be of particular signifi-

cance to neighbouring territorial bulls in this regard,
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Dungheaps may thus function as poteatial territory
markers. They a2lsé form Eccal polnts for the accumulation
of the dung of other rhinos, which alsoc ciearly bears
potential information; perhaps identifying individuals,
end indicating ceatrous status of fomales, The olfactory
signals emanating from dungheaps and dung pilas may thus

also have more cowpleox soclal functions.

b. Urination

Fornm:

{1} Urination ritual of territerial bulls {Plate 13).
Urination by territorial bulls was almnst always £fccted
in the form of a powerful backwardly dirvected spray.
3pecial aceiona commonly preceeded spray-urination, Firat,
{n 50T or more of cbscrved cases, the bull horn wiped;
sometimes this wag forcefully expressed, sometimes it was
mersly a token nudge; scmetimes the bull clearly sniffed
at the site before horn wiping, 1In sbout two thirds of
the ohgserved cases, horn wiping was directed ageinst a
low bush, usually under 60 cm in height (Table 38), in
rmining cageg, it was performed against a grass tufe,

or over &oll that was barc or covered with lawn-like grass.
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Howevor, this frequency varicd, depending on the lecal
availability of suitable bushes., For cexample, beside the
Madloel stream, in the territory of tADd.X, 46 of 49 re-
eordod scrapemarks were directed againar 2 bush., Ia the
nearby terricory of tiDd, I, where the density of shrubs
and scedlings was lower, only 29 of 52 recorded scrape-
marks included a bush, Flaats werc commonly scediinga or

eaplings of Acacia spocles, or bushy clume of creepers

such as fspsragus or fzima. Occasionally low troc stumps
provided the focus, Following horn wiping, a bull scraped
over the site, usually once or twice with cach hindleg,
though sometimes alao with the forelepas, Long scour marks
wore loft, dirccted ogeinar the base of the bush if one
was present, 4And occasionally the stoa of the bush was
broken, or branchos torn off, by the action. Finally tha
bull paused to aject the urine, usually in 3-5, though
occasionally up to 8, spasmodic bursts. Each burst lasted
1-2 seconda, and sent a fine "amecroscl' sproy of ‘urine
droplets ea far as 3 m backwardas, The tall was somctioes
curlaed in an upwards spiral ducing spray-urination, but
moxre co@t;ly it was curled sideways in conrtect with the '

Tump, The urine droplets foll owver the scrapemarks on
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ground, or coated the ieaves of the bush, cvaporating to
leavg s whitish oily £ilm. Scometimes preceeding steps
wera opdtted, end the bull simply spray-urinated, fre-
quenﬂy without pausing from grazing., However, 1 hom
wiping was performed, scraping always followod, In seven
observcd cases only, a territorial bull urinsted In & con-
" tinvous stream for a minute or lemger with hiodlegs

streddled, in the menner of cows end sabordinate bulla.

{11} Other rrhi.uas. Though stresm urination by subordinate
bulls wam recordcd 33 timcs, on only one occaslon wes spray
urination Secn. The aubordinste buall M spray-urinated Il
timwes in 25 minutes, Including horn wiping and seraping,
while grazing ond moving on towards the southern boundary
of the territory that Ye shared with EAD.H. Ho defecated
et & unghcep with kicks, sniffed at ar:o:&err dungheap, then
veersd wostwards eway from the boundary., I had the im~
prassion that he had been sbout to set cut towards watsr,
‘but ‘had beea deflected. This bull beceme a territory
holder in a ncarby territory 4 montha Ietsr-.

#dolescent males alseo usuelly strcam-urinated, but
apruy-uriﬁatim was also recorded on 9 oceasicns., Six

of these wore performed by one individual aged 2.5-3 yeers.
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This individual emitted 1-2 urine puffa st 8 time, gome-
times repeating this several minutes later, while grazing
gear of moving after different cows to which he had attached
A_h:lmelf._ The urine emission was pulsed and in the form of
spresding droplets, but lacked the powcr of territorisl
bull sprey-urinntion., Omcc thils young amalc spray-urinated
twice while moving tail curled close past a territorial
bull at a territory boundery. The territorial bull peid
no attention, The three remalning obscerved cases of spray-
urination £leo oecurred in circusmstances in which an
adu?.eﬁcant_ male had atteched himsclf temporarily to a cow,
Females always urinated in 8 ¢cmtinuous srrosm, crxcept
on the day of ocatrous voceptivity. Then they cmiteed
repeated littlc squirts of urine., Onc such squirt-
urination was secn from a 3~4 year old femelc that showed

no other indication of being in oestrus,

Contexts:

' There were no speclal urination sites, and urination
was generally porformed indopendently of defecation, Thoere
was oo detectable socisl facilitation, It was rare to find
two suscessive occurrences of serape-mearks directed against

the semc bush, though somctimes screpemarks were only 2
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fow motres opart over adjecont bushos, It thus scemd
that territorial bulls were stimulsated to urinate over
bushos that had not been recently ameried, F:equnﬁcg of
spray~urination was strongly influcnced By the proximity
of the bull to 8 territory boundary; aevcrage rates of 2
spray~urinations per hour were rocorded mear the centre
of territories, and 10 per hour ncar boundasrics (Table 39;
see also Section B.3,1.) However, sometimes high rates
of sptay-urinetion were vecorded away from boundaries,
Spray-urination tonded to occur repeatodly also while s
Bbull was shifeing location within his territory or
patrolling a wcll-used trail, It was never saen to be
performoed outaide & bull's home territory. Daring
grazing apells, spray-urination tended to be performed
gither whon £ bull pauscd from grazing prior to moving
m & fow matres, or just before resuming grazing after
moving on, or at an altcration in dircetion of movement,
Sometises contact with a suitable low bush while grazing
scamed €2 act as a stimulus, While walking on steadily,
territorial bulls psuscd momentarily to spray-urinate at
short intervals. Spray-urination was particuierly fre-

quent while a bull was “blocking a cow at a territory
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boundary; once 23 spray-urinations in 122 minutes wore

racorded {n such circumstances,

Besponses:

Terrsitorial bullas frequently pald olfactory attention
£o scents encountored while exploring especlzily in ter-
ritory boundary regions, but in most cases I was too far
aeay to ascertain whother these represented. urigation’zites,
Terricorisl bulla and subordinate bulls travelling to
water wefo notcd pausing bricfly to snlff at sitos where
there were fresh scrapemarks indicating the urinstion
sftes of other territorial bulla; but ne other reaction
was displayed. ¥No notice was taken of other scrapemnrka
passed on the way, & territorial bull patrolling his
border paused m;ly bricfly to snlff at a site where I had
seen tha neighbouring torritorial bull spray-urineste an
hour and a holf earlicr, In another instance, a ter-
tizozial bull showed 8 stronger resdponse to scrapemarks,

. probably thosc of the nelghbour, in a béundary reglon.
Es wubbed his nose vigorously over the site for 20 ssconds
with & sldeways motion of his head, then repcated this

wiping action soversl more times with pausce to make
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chewing motions. Pinally he scraped vigorously five times
over tho sfte and urinated four sprays, thon moved on. In
throe cases, subordinate bulls sniffed at the urination
perapenarks of a territorial bull, then stood with ralaged
hoeds and 1ip movements (the flehmen pesturc). In three
other cbsarved casce, cows respondad similarly sfter
sniffing at the urination site of a torritorial bull,
Territorial bulls also showed conaiderable intercat
in the urination sites of cows, If the cow that he was
accompenying urinated, a territorial bull aspproached to
sniff carcfully at the puddle as soon a8 she had moved on,
At other Cimcs upon encountocring 2 damp or even Supor-
ficially dry stream urination sitc, territorial bulle
paused to sniff*for periods up to a minute or longer.
Bulls eniffed with their noses closce to the ground,
sometimes clearly nibbling at the damp carth with tha lips,
then stood with hesd raiscd and lips parted for several
" feconds, This ection 1z equivalont to the flchmen res-
ponse glven to femalc urine by a wide waristy of ungulates
and other mammsals (Estcs, 1972), though the posturc fe
less euggéral:ed than that of the bleck rhinoceros

(Goddard, 1966} and most Bovids. The flohmen response
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by whita rhinos was usually but not invariably given after -
amelling the urination site of a fomale. TIn twoe obServed
cases, 8 terricorial bull cexhibited flchmen after sniffiog
at tho urination site of an adolescent male; one of these
was follosed by an immediare attack dirccted against a

cow accompanying the adolescent {Sce Exsmple 29), Sub-
ordinate bulls and adolescent mzlas also sniffcd at the
urination sitce of t;ﬁi end then exhibited the flohmen
poature, Twice, a8 scven month o1d male calf exhibited
flchmen after sniffing at the urination site of his mother.
48 described carlicr, in six cases subordinatoe bulls and
cows cxhibited flelmon afror saniffing at the spray-

urination sitc of & territorisl bull,

L

Interprotation:

Spray-urinstion scens to be stipuleted by situations
that can be characteriscd as “reassurancce needing', This
is ,uggzs:ed by its grester prevalence In territory
boundary regions, end elsoc by the special circumstances
of irs occurronce among subordinate end adolescent males.
There is poseibly a physiclogical conncction between
norvous tension and the forceful. expulaion of spurts of

urine, Outside a bull's home territory, autanombc
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norvyous tansion may porhaps be strong encugh to inhibde

ot i i,

urination sltogether. However, spray-urination as por-
formed by territorial bulle has clearly decome elsbozated
 as & special display. Functicnally, it serves as an
assertion of tho prosence of the bull within the home
territory. In territorial bulls, moat urine is apparcntly
diverted for such & purposc, but physislogically direcély
functional strcam urinstion may occur when a full bladdor
has boen accumulated, as after a rest period,

Though the spray might seem sdapted to broadcast
acent into the wind, 1 never smw eny rhino respond to the

airborne scent of urine spray., Rather, it appears that

the epray Increases the surfsce area of the urine deposit
and hence the power of the olfactory signal. The in-
clusion of & bush 2lso incresses surface area., The
scraping could serve to clear the soll surface of any
pre-existing odours before impregnating it with the new
scent merk, /n analogy can be mede with wiping a black-
board clean before writing up another message., The
initial horn wiping probably assists orientation of the
‘bull l:mrards‘a particular site--a set number of paces

would then orientate the hindgquarters apprepriately.
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¥otivationally, horn wiping is readily incorporated since
aldne it may also serve 83 sn agsertion of presence, The
secretion of the preputial pglands may &dd a speclal adour
to the urine; but I had no épga»rtunity to tnwestigate
anatoxis relationships,

Ths resultent urine scent marks are dispersed over
the extent of a bull's territory, belng particularly con-
centrated along borders and beside trails where they will
ba encountered freguently by pessing rhincs, They thus
provide evidence indicating the presence of the tervitory
oumer and the limits of his territory, Thaugh little
overt recponse 18 shown to them by other chinos, this may
be because they serve merely to demonstrate and maintain
the gtstus guo, *

Investigation by bulle of the urine of cows is of
potentisl significance for ascertaining the semual con-
dition of the female through hormone levels; this {s the
general function postulated for the flehmen display
{Estes, 1972}, It is possible thac the androgen levels
of bulls could also be evident from olfactory cues in the
wrine, :m{;deting the occcasional flehmen displays given

by cows to male urine; but such Iinformation ie presumsbly
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of lesser importance. Mazles generally did not exhibit
flehmen to the urine of other wmales. However, it is
possible that hormone levels ecould be Tevealed by the
content of preputial giendr secretion in the urine, which
could ba detected by normal olfactory receptors {rether
than by Jacobsen's organ to which flehmen 15 presumed to
be related).

Reacgions to other scents
Rhinos also responded to the scent tracks lefr by

afhar rhinos, & territorial bull was watched following
along the tracks of ancother bull., * subordinate bull
sniffed at, and followed for a short way, the scent trafl
lefe by a pasaing stzange territorizl buli, Territerial
bulls oo seversl occasions tracked dovm apparsntly by
gscent cows with which they had temporarily lost centact,
In one Instance a territorial bmll Ieft a cow to go down
to water; returaning to the site where ho had left the
'cm 7% minutes later, he =anlffed nolsily, nose to the
ground, following a devious course for BOD metres before
he :ala:ate? the cow 25 minutes later. FProbably several
cagesd of snlffing at unidentified scents were raelated to

such sceat traces.

|
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Pigcussion

Twenty-eight different displays pe;:fnmé by white
thinos are listed in Table 40, Visual components are
significant in 16, sudicory signals in 15, esctile stimull
in 7, and olfactory information in 6 (several signsl
modalities are coobined in many displays).

The moeat froquently performed displsys are those
relating to the cnn;rc‘l. of spacing between individuals,
The snort, esrs back action, snarl with rumble, grunt or
full roar, advancing snarl, advancing horn prod and ad-
vancing horn clash form a set of actions which are
elicited in similar contexts: whoen one animsl chreatens
intrusion, or has intruded, upon the “personal space”
{Marler and Hemtlton, 1966, p. 166) of another. They
serve €0 maintain “{ndividual distance" {Hediger, 1350},
&nd may be characterised functionally as “separation
maincaining”, The order of liasting {s thet ia which they
arg successively likely to be elicited in situations of
inereasing provocation, and alsn reflects a gradient
towards sn incresaingly powerful effect on the recipiont
in aains:a{:éing ot Increasing spacing. However, such re-

lationships are not simple to demonstrate, as both
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TARLE 40, Swwary of digplavs perfomed by whits rhinccoraseg

Rey Dlaplay sigal prime mo. of Furction

to modal- displ, times

taxt ity elasses recopd,
Eontralling specing
E 1s Snort . £yu,mn 870 approach inhibiting
;- it Srarl(static) a,v 1,55 oo approach inhibiting
e b Mvanclrg smrl v  f,s,m2 136 distance Incroasing
5 2c Born prod v,t,a I3 50 distance incroasing
E 22 Forn clash t,v,a I'= 28 Mgtanco incroasing
E la Fant & ell 243 proximity naintatming
I 1f Shriek afv,t) ny 75  attack irhibiting

3} Rubhing sidss t f,8,c  _ 31 bond relvforcing

EECM(M
my 283  eourtahip {dist.reducing)

14 HAe &
1e Sgucal a ny 219 tarrit., bdry. bleckdng
12 Wino L a &1 mrsing
1h Squcak a c 17 Hatross
11 Gruff squeal '] n 13 chaze
14 Gasp-puff s ah ﬂ;z fricht
s Ears tack v f.a,ﬁz cse, dirsctivity to threst
3 2f Bsad flings v all 10 play invits, oxcitomont
E 2k Teil ourlod v all many {mervous iension)
' Ipproasive Haplaws)
2k Forn to hoen vio,t Ty 138 Antixidation
stare
28 Oarge L 2y 43  inttmidation
24 FBorn wipa 5 my 78 assort. presence
23 Seraping .6 Wy 1L saszert, prosorcco
24 Fornclash |ty my % throst
1 Rubmiggtom
] 2g Prozenting side v =y appsagcemont of cow
1% Srexl LY oy 114  submission

¥, idont tion
21 Fasorasal otg, ot 8,f,c {27 greating

2m Forn wrestling  t,v  o,5,f 55  play
li« Pefac. at durghs o all mary  Adomtity
4o Stream urin, a o TATY reprod. status

Spece clalm
ke Tung scattoring o ny iz marking duncheap
&% spray-urin, o ny 535  saridng torrit.

s = auditory, ¥ = visual, t = tactile, o = clfactory
m: = torrlt. bull, =y = subord, bell, f = adult fomale, s = adolosgent,
¢ = calf
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elicitacion and responoe depend upon many factors. 4
snarl iz relatively more likely to be given than a snoxt
when another Individual i3 approaching, or confronting
from close quarters, than whea the latter is merely moving
nearby (Table 41; X2 = 31,6, df = 1, p // 0.001), Cous
use a snort relatively more often than & snarl towards

a nearby territorial bull that iz a temporarily attached
companion, than to an approaching strange territorial
bull (Table 43; X% = 14,5, df = 1, p / 0.001), Adoles-
cents and subordinate bulls direet snarls relatively more
aoften than gnorts agalnst territorial bulls than do cows;
and adolescents use enm.;ts relatively more commonly than
snarls sgainst other adolescents than against bulls
{Tables 26 and 27; adoleacents vs cows: xz - 49,8,

df =1, p // 0.00L; sADdE vs cows: X2 = 20,0, df = 1,
p L 0.001; by adolcscents against adolescents ws bulls,
X2 - 15.9, € = 1, p [ 0.001). Calves display only snarls,
and receclve only snarls {Tables 25 and 27}, Subordinate
bulls used snorts and snarle against approaching ter-
ritorial huuq at greater scparation distances than dic
cows (Table §3; 25.1m v 15.1 o, t = 3,24, df = 30,

0.0005 / p / 0.005). However, the Functional effects of
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. Coptral figure = mmber of times recorded
{ ) on right = frequency of context olloiting dpplay éﬁ)
{ ) bolow = froquoncy of display in given eontoxt (%)

CoXTEXTS

M aplay ) R stands R 15 1n R appr~ R confr. other av, sopar, N
or moves front cachag from dist,
nearby closo

. Smort gro  k{hs5) lmtg) J55(1) MB{8)  33(h) 134 298
(65) (4 (27)

(56)
Smarl 487 135(28)  16(3)  202{b2) 10%(22) 27(5) 1.4 90
{static) (22) (22) (32) (59)
Advanol 1 B[} 9(7)  s9(83)  17(13)  5(8) Bk 1)
A Gy () Goy ()
He /! n H 9(13) 15(21)  9(13) &(8) 243
pg e A il ) 1) \

610 '] 61 161 69
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TAHIE &3, Varving respanscs domonstratod towerds &nd by s torritorial
1l in difforing contexts
Prgures ropresant rolative froquencics, in porcant
{a) A ta 1 bull s ches {not a sompardon)e-
RESPONSE OF tADs
Maplay n contin, koops ratroats sopar, dist,
APET, dstance av, ()} K
1) AP
erarl 20 72 7 1s5.2 4
sdmning 6 o 13 &7 - -
smrl
{41} aiim:-
srert 16 37 &3 L 28,0 5
srmrl 21 53 57 L 2.2 5
admancing 3 47 3 1 - -
amarl
() Torpitorial twll mowos noay & tcmpdrayy compunion oowi-
=
%mﬁ 9% 3 ™ 18 19.6 83
amarl 3 1] 75 26 114 14
sdmneing & ] g too - -
amxl
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.1 ¢ Agnoros daplay;

Uppor figure = mmbor of times recorded
Lewor figuro « rolative froquoncy, An peroent

9 = stops spproaching, or turns away
R = rotronts by backing a fow atops or by moving svay

¢CONTEXT S

B.

s ! noar R in front R spproachos R eunfronts ALl
Ry b g aby R I )1 R X 5 B _; § i3 X ;)
Snort 209 8BS 83 11 3 18 & 208 48 W 25 IR 29 10

60 25 15 3 10 56 20 65 15 8 4 11 W 3 47

Smarl 6 19 28 & 3 5 40 11 17 7 0z 9 1% Wk &
Gtatie) 58 17 26 43 21 2% 2 & 10 A 2 10 48 36 15
Advanodng smarl 14 1 26 1 0 8 2 17 38 1L 0 2 28 2
3 & 11 o 8 L 28 52 85 0 15 23 18 60

Horn prod 6 1 25 0 2 5 1 2 10 9 0 0 4 20 1
orelash 19 3 78 0 0 W 8 15 77 100 0 0 6 W £
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snorts and snarls on reciplents are almost indistingulah-
able; both arc primarily approach inhibiting {Tables &2
and 43), Advancing ateps and horn gestures appear in
similar eliciting coatexts to snarls alone, but at shorter
renges {(Tablae 41), Their cEfects are more atronpgly dis-
tence incereasing, commonly forcing the recipient to back
avay or otherwise wicthdraw o o greater scparatiom distance.
In contrase, thae functions of the pant and hic may
be generalised as proximity maintaining or distance reduc-
ing. The pant seryes as g cai.l restoring contect between
companions draws compenions togcthe‘r priox £o ot during a
shife in lecation, and at other times emphasises friendly
approaches. The hic is typically used by a bull approach-
frg & cow In contexts of courtship, and when used fn other
contexts suggests “pseudo-~courtship', Tectile stimall
fxom rubbing against the aside of a companion can also he
characterised as proximity maintaining, but in a much
stronger sense, Such action 18 normelly tolerated only
from a clese companion or "friend,™ and ite acceptance
by the other probably assists in reinforcing this relation-
sbhip. 1I have therefore gpplicd to it the term "bornd-
rveinforeing”.
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Marler (1968) proposed use of the terms “distance-
increasing”, “distance-maintaining”, "distance reducing”
and "proximity maintaining” to characterise the spacing
effects of communication signale, This approsch has in-
fluenced my asnzlysis above, However, difffcultfecs arise
in trensfering Marler's terms, as he has defined them, to
the comunicatory system of the white rhfnoceres. The
signzls that I have charscterised as scparation maintaining
wauld, in Marler's system, be termed distence increasing;
yet only the sdvancing snarl and horn gestures are demon-
stratadly likely to increase the spacing betwsen inter=-
gctanta, Soorts and gnarls primarily mercly maintain
pre-existing spacings, more or less effectively, by in-
hibiting cloger approaches. The term distance~maintaining
1es however employed by Marler in & different sensc: to
cover those signals which, within groups, reveal the
locations of members and thus asaist in maintaininog contact
between them [for exammple, the repetitive grunts given by
foraging bshoons), It la.thel:efore appliceble, in sgome
contexts, to the pant of the white thino, for which I
Tegard the torm proximity maintaining as more appropriate,

However, Marlor uses tho latter for actions such as social
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grooming in primates, which allow two indlviduals to remain
in close contact for an extended pericd. I prefer use of
the term bond-reinforeing for these (which include rubbiag
sides 58 performed by white rhincs), Marler's terminology
thus does not scem satisfactory for the white rhinocercs,
and I have acceordingly deviated Erom fit, More informaxion
on & widor verioty of spocies is clearly nceded to achieve
conaiatency.

Elements of threat are also incorporated in the
separation maintaining displays, If milder signsals are
ignored, the actor may make a symbollc attack on the other
individual by sdvanciog to clash horns. Howewer, actual
attack never resuleed, and these displaya were not por-
formed by torritorial bulls in situations in which they
were likely to attack. They may thus be characterised as
dofensive threats, in the sense suggested by Bwer [1968)
and Welther (1973},

- Spparation malntaining threats when directed by suh-r
ordinate bulls towards territorial bulls may alseo funztion
a8 submissive gostures (the_ term appeasement scems less
appropriate), &8 will be dlacussed mere fully in the next

section covering interaction psttorns, Desplte thefr
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seemingly intimidatory nature, they do not lced to atrack,
and indicate that the performer s not challenging the
doxinsnce of the other bull, Walther (1973) Likcwize
suggests & close relationship between defensive threats and
inferiority displaya. The &c;l:iaus of the suberdinate bull
resemble those of cows nnd adslescent males in similar ecix-
cunstances, However, I could Jdistinguish the snarls of a
subcrdinate bull by the deeper more repested roars, and
presumably & territorizl bull could do likewise. Thus the
resenblence i the Jdisplays probably simply reflects
sioilar motivationzl crigins.

Dominance claiming rhinoceros bulls saoldom reinforce
their presence vocally, Seemingly their colm relaxed
actions, unhesl:§nt approach and physical presence at close
gquarters {reinforced by acent) are sufficiently intimfdat-
ing (sce next section for a further diacussion).

The volume of sound emitted in roasrs and shricks fre-
_quently attracced by attention from distances of well over
one kilometre, 3ut no rhino, other than the interactants
inveolved, was ever secen to resct to Such sounds, The only
sound that I ever saw respondad to from = distance was the

hic, On several occasions, when a subordinate bull
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approached & cow hieccing, ﬁhe territorial bull immediarely
hastened up and approached the ssme cow (once from 200 m
away). Thus mene of the scunds has epparent function in
distant communicatica.

Thore arc rolationships betweon structure and function
in suditory signals {Marler, 1367}, Soft aspiratory sounds,
the snoxt, pant and hic, are those most frequently used by
whkite :htnna' at closo quarters to control the spocing be=
tween individuals. Less cnergy is involved in thelr per-
formance than for example in the snarl, The volume of
sound associated with the snarl scoms designed simply to
have a oz ¢ powerful cffect on the reclplent, Sgueals may
be differentially patterncd tc function in a veriety of
contexts. The territery boundary blocking squeal of a bull
has strong rcsemblances to the nuralng request whine uscd
by calves, suggesting a derivation from the latter. There
are suggestive similaritics both in the continulng astate
of discomfort asaocciated with the corresponding cliciting
situations, and in their rolisf by an appropriate response
on the part of the cow, Righ pitched squeals such as the
shriek and squeai: suggeat a strong fear component in zc-

cordanca with observed eliciting contexta,
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Vocalizations of the black rhinoceros have yet to be
described In full, ‘Hechins (pers. com.) feocls thst they

‘make an even wider variety of sounds than white rhinc-
ceroses, A snort scems to function in similar contexts in

the two epecles {sec Goddard, 19567}, The “bresthing call”®

described by Frame and Goddard (1973) scems equivaleant to
tho pant used by white thinos, The gasping sound "like a

1 men trying to get his breath after a blow on the solar
plexus” corresponds in form to the hic, and Ri_.tc'nie‘s {1953)
criginal suggestion that it might be a mating call could

g thus be substantially correct, Howowver, Goddard {15668}

1 does not mention use of the sound during courtship., The
Fghaatly shriek" described by Goddard (1966, 1967} rescmbles
the white rhinc's snarl or shriek, and is likewlse per-
formed with the ears lgid back; but the contexts he des-
cribes are confusing in relation to the relative social
status of the performer, In an inciden—t deseribed in the
later paper, a resident bull chased away an intruding
atranger with ghaatly shricks, while in the ecsrlicr peaper
he reports that an intruding bull gave shricks while the
other lnkii remained silent, Confirmation is therefore re-

quired as to whether usage of this display differs in
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aocial significance In the black rhinoceres, &8 the later
obaervation suggests. Tha mewing gound mede by black rhine
cows cglling a cslf {Goddard, 19467} has no equivalent in
ti'a white rhinoceros, though the sound resemblos that made
by white rhinc calves before suckling. To & lhuman cbserver
tha loud puffing snorts mede by black rhines cither charg-
ing towards or sway from tho source of a disturbancc are
perticularly striking, In the white rhino, snort or pants
are not made by solitary Individuals in such cigcumstances,
apaxt from the brief gasp-pont which seems to be a dircc:l:
responsc to a sudden fright,

For the Indian rhinocercs, Ullrich {1964} rocordcd
seven sounds: {1} & snort used as a threat sgainst an
appresching rhino, and also agalnsat human intruders; {11)
a brief grunt made as an alarm warning while floeing; (1i1)
long grunts given by males chasing cestrous females and
other males, and also by rhinos chasing other Individuals
- from the socallad grazing torritories; (iv) a high-pleched
neighing squeal given by cestrous cows being purswed by
balls; {v) a long squeal given by bulls being chased by
other bulls; {vi) 2 bleating made by s mother as a call to

her calf; {vii} a snoring sound used as & contasct call on
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entering a wallow in which other rhinos were ailready lying.
The snort and grunt scem used similarly in spacing .to the
snort and snarl of the white rhino, but the other scunds as
doscribed have no dircct equivalents, For the Sumatran
vhinocerocs, Hubback (19319) describes snorts, a quacking
bark, sgueals and glbbon-like cxrics, but does not indicate
soclisl contexts or functions.

Strikingly absant in the white rthino is any specific
alarm call; end also lecking are aounds fun:.:iofning in
distant communication, The elabaration of a set of sounds
to control spacing betweon conspeclfics fs seexmingly pe-
culisr to the rhinoceroscs and elephants among ungulates,
as also is the use of further sounds to signsl special
contexts such as Yterritory boundary blocking™, "need for
aursing” or te inhibit attack,

In aecordance with the vocal variety, visual displays
are ouch less distinctive, as was noted alsc in the Azlatic
elephan: {(Eiscnberg ot al., 1971). The subtle postures
and gestures that are a featurc of expressive displays in
Bowids (Walcher, 1973) are lacking. Most wisual displays
are based an fairly direct ections, and are frequently

coupled with auditory and tactile signals,
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Tha "charge™ and "advancing steps™ corrvespond to -the
“rush-threats" that are wideepread among frtiodactels |
(Gotee, 1964; Walcer, 1973). Similarly, horn prods and
clashes are basically "weapon-threats™, bascd ¢n syshollic
attack or intention movements toward attack, Absent In
the white rhino is eny broadside presentation dizplaying
attributes of body size to an opponent, Presenting the
side functions in diffcront situaticns, being given towards
cows to appease their antagonism by signalling non-spproach.
The horn ageinst horn stare has strong clements of =
"superiority" display {faleher, 1973}, and may serva Lo
ecphasise the relative size of tws potential entagenists;

however, olfactory stimuli emanating from the rival arc

probably at least as intimidating. Zhore are no contrasting

displays of "foferiority," this function being scrved in-
stead by defensive threats,

Sciff-legged scraping sctions with the logs occcur
conspicuously in meetings betweon black rhins males (Schen-
kol, 1966; Schenkel and Schenkel-Hulliger, 1969 Goddard,
1967), and scem to be considerably more exaggerated than
in white rhino malcs. In Umfolozi I once noted scrape-

marks extending over a distance of 30 m that were
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attributable to a black thino, but nover cbscrved such ex-
tensive scrapemarks produced by white rhinos, The bushe
horning performed as part of the "complex bull ceremony
{Schwnkel, ibid), and sideways sweaplng movements with the
hoad directed towasrds cows {Goddard, 196F) aeem. equivalent
o the hom wiping displays of the white rhinoceros.

The “complex bull ceremony™ described by Schenkel is
closely similar to the full urination rituwal of g white
rthinoccros territorial bull, Wowever in the black rhino-
ceros the ritual {3 apparently performed oaly in specisl
circumstences, st other times spray-urination occuring
without precceding actions, I saw black rhine msles spray-
yrisate on sevoral occasiorma at Umfolozi, but cach time
they did so simply by swinging the hindquarters round to
dircct the spray over a bush; I nover saw either scraping
or horn-wiping which are usual sccompaniements to spray-
urination in the white thinoceroa, #lase, In the black
Thinocercs both males and females usually scatter thoir
dung, whereas in the white rhino such action is performed
exclusively by territorial bulls, Indian rhinos also
scatter their dung, and Ullrich (1964) indicates ne sex

distinctions, Large dungheaps arc formed oxcept in the
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Sumatran rhinoceras {Strickland and other observers gquoted
in Groves 1972, though this may be related partialily to low
popuslation density). Spray-urfanation occurs in the Sumat-
ran thino {Hubback 1939), but 1its cccurrence in the Indian
rhinoceros {8 described only by Ripley {1952). Several
authors have reported that biack rhinos frequently scatter
dung slso with their horns, or drsg their hindlegs sziffly
through dung piles (Goddard 1967), but Schenkel newcr cb-
sorved such behaviour, In Uafolozi I noticed dragmsrks in
dungheaps attributable to black rhincs on scveral occasions,
The ritualised corcmomies asscclated with defecaction
end urination in the two African rhinoceroses have
elicitaticnal aend functional similaritics to other displays
of "assertion of presence." They seem comparsable with
suditory advertising, and with the zelf-urinating performed
by Caribou males {Lent 19653, The alternate terms “mani-
festation of presence™ (Schenkel 1966) and "advertisement
of presence” are equivalent. EHorn v-r:l.ping' and scraping
alome occur in similar contexts to bush-thrashing and
pawing performed by Bovids, Functionally all these displays
exphasise the presence and social status of the performer,

Walther {1973) regarded all such performances as displays
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