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Among many other animals, man also endangers the five surviving rhino species. Only
within the last decades, efforts have been made to safeguard the rhinos from extinction
and only recently to study their way of life.

The present monograph deals with the black rhinoceros. It describes the relevant
qualities of its habitat, its ecological siruation in a restricted area of Tsavo Nartional Park
East in Kenya, and more generally its behaviour and social life.

As rhinos are rather solitary animals, the degree of intraspecific intolerance and aggres-
sion, and the communication systems providing for the continuity of the population are
of special interest. Rhinos show a remarkable degree of adaprability; depending on their
habitat, populations live in a more sedentary or more nomadic way. As is shown by the
authors, the rhino’s reactions are not purely innate. Some are formed by tradition within
the local population, i.c. transferred from mother to calf. This is especially obvious for
reactions of rhinos to man,

Die finf rezenten Nashornarten gehoren zu den interessantesten Siugetieren des Erd-
balls; in ihrem Fortbestand sind sie gefahrdet.- Um wirkungsvolle MaBnahmen zur
Rettung der Arten cinleiten zu konnen, ist eine genaue Kenntnis ihrer Biologic unent-
behrlich, die aber im Hinblick auf die Eigenarten dieser Tiere auch allgemeines Interesse
verdient. Die vorliegende Verofentlichung befaBt sich mit dem Schwarzen Nashorn
Afrikas. Durch Klirung der Lebensanspriiche dieser Art will sie deren Erhaltung férdern.

Um die besonderen Anspriiche des Schwarzen Nashoras an den Lebensraum beurtei-
len zu kénnen, wird der Biotop einer Population eingehend untersucht. Es folgt eine
sorgfiltige Analyse des arteigenen Verhaltens. Dabei ergeben sich Tatsachen von
aligemeiner Bedeutung. Das Schwarze Nashorn lebt wenig sozial; Fragen nach Ursachen
und Umfang der innerartlichen Intoleranz waren zu kliren, Probleme der innerartlichen
Kommunikation wurden aktuell, Je nach Biotop haben Nashornindividuen eine mehr
seBhafte oder stirker nomadische Lebensweise, es galt die Zusammenhinge aufzukliren.
Auch in anderen Besonderheiten, so in der Reaktion auf den Menschen, zeichneten sich
lokale Traditionen ab. Diese Tatsachen waren AnlafB}, der Plastizitit im Verhalten des
Schwarzen Nashorns besondere Beachtung zu schenken. Ein vielseitiges Bild vom
Leben des Schwarzen Nashorns konnte entworfen werden, das Hinweise fiir einen
erfolgversprechenden Naturschurz gibt.
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FOREWORD

In cultivating the soil, man has waged a relentless war against the forest, while the
cleared arcas have, in turn, attracted many specics of large herbivores adapted to open
country or a transitional habitat between savannah and forest proper, From the
ensuing ccological conflict man has emerged superior to these mammals. Human
settlement has spread continuously whereas many of the larger herbivores have
vanished or arc on the verge of extinction. Such is the position of the three Asian and
although less critical of the two African specics. Besides ecological competition, big
game hunting and organised poaching to meet the demand for trophies and imaginary
aphrodisiacs have aggravated the situation. Only striet protection will save the rhino
from extinction and, as the animals will, at best, be tolerated in restricted areas,
careful management is essential. The impulse to begin this study originated partly
from management problems. One of the most important strongholds of the black
rhinoceros, Tsavo National Park East, Kenya, had suffered heavy losses in 1960/61,
two years of heavy drought. The searcity of water effected the animals directly and
also indirectly in causing severe food shortage. Morcover the situation was aggravated
by the impact of an increasing clephant population. Over the last 10 to 15 years the
clephant has gradually destroyed important components of the vegetation, mainly
Commiphora and Acacia trees, Sanseveria and bush thickets. Concurrently with bush
fires, it has in large parts of the park, radically altered the whole vegeration: former
bush country has become dry grassland. How does the rhino population react to the
changes that arc constantly going on in jts habirat?

The problem called for an ecological study of the local rhino population. At the
same time it was felt that the behaviour and social attributes of the black rhino were
only superficially known. Thereforc the authors decided to study both the ecology
and behaviour of the species.

The investigation was carricd out between January 1963 and October 1966, During
the greater part of this time, the authors were members of the staff of the University
College Nairobi, delegated by the Swiss Technical Aid. The observations were made
in Amboseli Game Reserve during several short periods in 1963; in Tsavo National
Park East in 1964 (during the months of June, July, August and for short periods in
September and October), in 1965 (for 1 week in March and during the months of July
and August) and in 1966 (for three wecks in September and October). In addition
rhinos were observed during visits to several National Parks and Game Reserves in
East Africa.

During this time we were given support and encouragement by many people to
whom we wish to express our gratitude. First of all we want to thank Pror. Dx. Ru-
DOLF GEIGY, Schweiz. Tropeninstitut Basel, who launched us on our mission to East
Africa. We are also very grateful to Davip SHELDRICK, Game Warden in Tsavo
National Park East, whose long experience in the park enabled him to contribute
excellent suggestionseand helpful criticism and who, together with his wife Daring,
offered us generous hospitality. We also thank PETER JENKINS, Assistant Game War-
den in Tsavo East, and his wife SAran who helped us on many oceasions. In our field
work we were assisted by CorroraL KiLunpa and his younger colleagues to whom
‘we also owe gratitude. Qur work was made possible by the authoritics of the Kenya
National Parks who supplied helpers, camping equipment and a vehicle during the
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course of the field observations. We are grateful 1o Coroner, M. Cowi, former
Dircctor of Kenya National Parks, to Mi. Ouinno, Director of Kenya National
Parks, and to Dr. M. Hrper, Chairman of the Trustees of the Kenya National Parks
for their interest in our work. Helicopters were made available to the Kenya National
Parks for the flights by the British Navy in July, 1964 and 1965 and by the R. A.F. in
September, 1964,

We are grateful for the interest shown by Pror. D. KerTLE and colleagues in the
Department of Zoology, University College Nairobi. Our thanks are also duc to
Dx. J. SALE for providing a telescope, to DR A. AGNiw for assisting in the deter-
mination of the foed plants and to Du. ). Berger and Dr. JaNe WaLker for identi-
fying parasites. We arc most grateful to TEDA aND ProF. D. Sears, Adehide for
reviewing the manuscript,

The manuscript was prepared with the support of the Schweiz. Nationalfonds
(Nr. 3827).
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ECOLOGY

1. Habitat

A. Topography

The black rhinoceros occurs in Tsavo National Park East wherever permanent
water is available to the animal. Onc finds it (Fig. 1) in the plains south of Galana
River — especially near the river —; near Aruba Lodge and Voi River; on the basement
rock hills from Voi Entrance to Mudanda Rock and Tsavo River and their surround-
ings; on the Yatta Plateau with its adjacent plains,

All these arcas are suitable for the species wherever there is abundant and varied
bush vegetation forming occasional thickets.

B. Ecological requircments

1. Permanent water supply

During the excessively dry years 1960 and 1961 Athi, Tsavo, and Galana River, the
Upper Tiva River, and Wamuntumia Spring were the only waters which did not dry
out completely. Aruba Dam was reduced to a muddy puddle and the Tiva River dried
out in its lower reaches.

In years with an average rainfall, e.g. 1964 and 1965, in addition to these permanent
water sources, several smaller streams on both sides of the Galana and the Tsavo
River from Mtito Andei to Sobo, and many small springs in the Yatta Plateau from
the northern park boundary to Lugard Falls contain water also during the dry season.
A number of other rivers and pools including Voi River dry out regularly.

2. Food plants

The black rhinoceros is a browser and lives on a variety of bushes and shrubs. Some
of the most important food plants on which the rhino feeds were collected in the
Galana-Yatta Region in 1964 and 1965.

Single animals were followed along their feeding routes and their feeding habits
observed. Food plants were then collected immediately or noted as such. Also
samples of plants were included which showed typical signs of rhino feeding (scc
Fig.2).

They are listed by their frequency of occurrence and feeding by rhinos (Table I).
Rhinos feed most extensively on the plants, listed under A., which occur frequently
in the obscrvation area. On a large number of other bushes and shrubs they feed only
occasionally, cither because these are too rare to be a main constituent of their diet,
or because they only scem to attract rhinos temporarily. A number of these plants
were collected and are listed under B. in Table I. It should also be mentioned that
$ome frequently occurring bush and shrub species are not eaten by rhinos at all (C.
in Table I).
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Table ]

Foud plants of the black thinoceros collected in the Galana-Yatta Region as identified by the

E.A. Herbarium, Nairobi

Name Femily

Aerva persica (Brum.F.) Merr. Amaranthaceae

Bauhinia taitensis Taub. Cacsalpiniaceae
Blcpharia sp. Acanthaccae
Caucanthus albidus Nied. Malpighiaccac

Cordia ovalis R.Br, Boraginaceac
Cordia rothii Roem. & Schult. "
Ehrctia titensis Guerka
Sericocomopsis pallida Sp. Moore
Sericocomopsis hildebrandtii
(C.B.CL) Schinz

Suacda monoica Forsk ex J.F.Gmel Chcnopodtaccac

»
Amarnthaceac

Acacia tortilis (Forsk.) Haync Mimosaceae
Becium sp. Labiatae
Cacsalpina trothac Harms Cacsalpinaceae
Commiphora sp. Burseraceac
Crotalaria sp.afl.C. pallida Aic. Papilionaceae
Dirichletia glaucescens Hiern Rubiaceac
Grewia lilacina K. Schum. Tiliaceae
Grewia villosa Willd. "
Hermannia cxappendiculata (Mast.)

K. Schum. Sterculiaceae

Papilionaceac

Indigofcra vohemarensis Baill.
Asclepiadaceac

Secamone stenophylla N.E. Br.
Triumfctta flavescens

(Lam.) Benth, Tiliaceae

b. and are caten oceasionall
Abutilon sp. Malvaceac
Anisotes parvifolius Oliv. Acanthaceae
Asparagus asiaticus L. Liliaceae
Asparagus faleatus L. ”
Barleria acanthoides Vahl Acanthaceac

Batleria stuhlmanii Lindau "
Barlesia taitensis S, Moore

Boscia angustifolia A, Rich. Capparidaceac
Cadaba farinosa Forsk. "
Cadaba glandulosa Forsk. "
Combretum aculeatum Vent. Combretaceac

Combretum exalatum Engl. »
Crotalaria drummondii
Milne-Redhead

Disperma kilimandscharica
(Lindau) C.B.ClL. Acanthaceac
Dyschoriste depressa Need "

Papilionaccac

Trpe

A. Plants that occur frequently in the arca and are caten preferably

herb

bush
woody herb
shrub

shrub

shrub

shrub

shrub

shrub
shrub

B. Plants that occur only occasionally
2. and are caten extensively

tree or shrub
herb

shrub

tree

herb

bush

shrub

shrub

woody herb
woody herb

woody climber

woody herh
Yy

shrub
shrub
climber

shrub
shrub
shrub
tree

shrub
shrub

shrub or climber

shrub
shrub

shrub
shrub

Laten by elephants also
|

?)

-~

At T+

f1

+ 2

T T O T I O I O

Continnation p, 1§
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Continnation Table 1
i ‘
Name Family i Type Eaten by elephanes glso
Ecbolium revolutum C.B.ClL Acanthaceac shrub —
Ecbolium subcordatum C.B.Cl. " shrub —
FEuphorbia jatropoides Pax Euphorbiaceac shrub —
Euphorbia polyantha Pax " shrub —
Euphorbia spinescens Pax " shrub —
Haplocoelum foliolosum (Hiern)
Bullock Sapindaceac tree —
Helichrysum glumaceum DC. Compositae woody herh —
Hibiscus micranthus L.F. Malvaccae herb —_
Hildcbrandtia obcordata
Sp. Moore Convolvulaceace shrub —
Indigofera spinosa Forsk. Papilionaceae woody herb —
Ipomoca jacgeri Pilg. Convolvulaceac woody herb —
Kigelia africana (I.am.) Benth, Bignoniaceac tree —
Lawsonia inermis L. Lythraceac shrub —
Lepidagathis scarinsa Nees Acanthaceac weak shrub -
Marua subcordata (Gilg)
DeWolt Capparidaceae low shrub —
Moringa sp. Moringaccac shrub —
Monechma debile (Forsk.) Nees Acanthaceac herh _
Ormocarpum kirkii S. Moore Papilicnaceac shrub or tree —
Pavonia patens (Andr.) Chiov. Malvaccae woody herb —
Pavonia zeylanica (Hochst.) -
Schaucr " annual weody herb
Premna resinosa (Hochst.}
Schauer Verbenaceae shrub -
Psychotria nairobicnsis Brem. Rubiaceae shrub —
Pupalia lappacea (L.) Juss Amaranthaceac hetb -+
Seddera hirsuta Hall. £, Convolvulaceae shrub —
Solanum incanum L. Solanaceac spiny hetb —
Strophanthus mirabilis Gilg Apocynaccace shrub —
Strychnos sp. Loganiaceae shrub or trce —
Stylosanthes fruticosa
(Retz,) Alston Papilionaceac shrub —_
‘Talinum porwlacifolium Portulaciaccae fleshy herb -
(Forsk,) Asch. & Schweinf. shrubby
Tephrosia noctiflora oj. ex Bak. Papilionaccac woody herb -+)

Tinnea acthiopica
Kotschy & Peyr.
Xeromphis sp.

Boscia coriacea Pax
Thylachium thomasii Gilg

Labiatac
Rubiaceae

Capparidaccae

"

shrub
shrub or tree

C. Plants occurring frequently in the area, but not eaten by rhino

tree
tree

3. Vegetation cover

The rhinoceros needs sheltering vegetation. In the heat of the day the rhinos often
rest and sleep in the shade of a tree or a dense bush. In this way they are protected
from the sun’s rays and wind, and cannot be detected easily by man — the main enemy

‘Of the species. In case of disturbance by man on foot, in a car or an aircraft, rhinos
often tend to hide in dense bush after first escaping.
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4. Wallows i exist during the dry season. Then the rhinos wallow in dusty or very fine-grained soil,
. . d4d N lagly wh hev h h v, Onl mostly provided by termite hills.
Rhinos visit m‘;'d ﬁ wa O:;’s repuiaty. wlem}:‘v;:lr t' ei} :Ich ! cdup}:jortumty. o Mud wallowing does not exclude dust wallowing. The black rhinoceros sometimes
places with a solid base and 2 c‘;",}?am"‘]': ys “l(;,“ : g[ © }:“ . a",l yi'atcrdare sut- rests and sleeps in water, as do the Indian and the squarelipped thinos, but in Tsavo
table for them. In most parts of Tsavo National Park East this possibility docs not i East this is impossible during the greater part of the year. Then they often lic in dust
| wallows for several hours a day. A prolonged bath may have a temperature regulating
effect, but wallowing in mud for a short time and lying or wallowing in dusty soil
1 rmust have other functions. Presumably wallowing has a favourable cfiect on the skin
2 condition and protects against cctoparasites, mainly biting flics, by covering the skin
"'Ly N - with a film of soil or dust. Parts of the body which are not wallowed frequently c.g.
B A% = the saddle region, are those most attacked by fiics, while other parts arc covered
) A | M** a with 2 sheet of soft mud or fine grain soil (sce Fig. 8).
AN L L RANZIRY ¥ t
A A, / x .
% X 3 . . s
¥ + | C. Impact of the rhinoceres on its habitat
-
L 4
*
x
ra
&

By its activities the rhino changes some aspects of its habitat in a characteristic manner.

1. Viegetation

Where a considerable part of the vegetation is caten by rhino, a special pattern of bush

and shrub vegetation develops which may be called *brush pattern”, The branches
of the bush are cut down by the thino more or less evenly to a level between 10 cm
and 1 mtr. Lateral branches are sometimes cut lower than those in the centre. When
new shoots grow

out of the older branches, they are cut off again (Fig:2).

Most twigs are cut off
neatly by the premolars;
in some bush species with
tough branches (e. g. Bau-
hinia taitensis) the seve-

red twigs often end in a
wooden spike, the result
of biting, bending down
and twisting at the same
time. It should be men-
tionedherethatthe“brush
pattern” of the bush and
on is never duc to browsing by elephants. When browsing on bush
v plants, elephants strip the leaves and the ends of the twigs off with their trunks, or
+ break smaller branches b

7

by
ot

saLA

Figure 2, Eficct of feeding by the rhino on the structure of bush
(“brush” pattern).

shrub vegetati

y bending them over a tusk. Sometimes, when a branch
is attached very low, an clephant may seize it with the trunk and break it off by
stepping on it with a forefoot.
\d
BUCHAMA RRLF *
OATE Ry 2. Tracks
O  ViLLAGE 00y
O  RANGER POST OR LODGE ()
Smm= MAIN ROAD Mo '
PARNK ROAD
AIVER
++++ PARK BOUNDARI
) 20 ) do D

8o

Another feature characteristic of thino country is a system of tracks. Within the system
400 Km

there are tracks of different appearance and difierent function. Large paths, used by
clephants and rhinos, extend over several miles from feeding arcas to watering places.
These tracks fit into the topography in a remarkable way. They climb up the Yatta
Plateau through little valleys and gaps by the easiest route (Fig. 3). They follow the

Figure 1. Map of Tsavo National Park East with observation arca 1.

course of small valleys in the plateau taking advantage of even minute features of the
terrain, such as flat strips and the least rocky surfaces.
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Figure 3. Main tracks as casicst routes,

South of Galana some of these tracks lead along the valleys as long as their bottoms
are flat (Fig. 4). Most of them however run on the flat ridges.

All the large tracks are connections resulting from a strong desire to get to water
or to remote feeding areas quickly, and are smooth, requiring minimum cffort o
reach their respective aims. We use the term “main tracks” for this type of track.
They have no vegetation cover left and most of them arc permanently used and main-
tained mainly by clephants, but also by rhinos. There are of course also tracks in the
area which are regularly used by rhinos but not by clephants. They are comparatively
nacrow and neat and have many minor bends bypassing small trees or even bush
plants. Other mammals also make usc of main tracks, without having a major impact
on them, e.g. other ungulates (buffalo, zcbra), carnivores, baboon, porcupine. Ele-
phants and thinos often move to and from water over several miles without fecding.
When on the move, clephant family ~units often follow these tracks in single file.
Rhinos, singly or in pairs one behind the other, walk cither carrying the head in nor-
mal fashion or with their noses down sniffing scent components of the track. Rhinos
often walk steadily at a speed of 3-5 kilometers per hour along the main track for
1/, hour or longer. Then they may slow down and feed occasionally, still keeping to
the main dircction. Under these circumstances they usually leave the main track and
follow sccondary tracks more or less parallel to the main track, which form a “stret-

Figure 4. Main tracks in telationship to valleys.
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ched” network along the latter. This occurs most often in places where the main track
does not meet any topographical obstacles which might have a canalising effect. We
call these secondary tracks “moving-feeding teacks” (Fig. 5).

Figure 5. Moving-feeding tracks accompanying a main track.

A system of these tracks can occasionally oceur without a main track. The latter
can “split up” completely into moving-feeding tracks, ¢.g. where a strip of healthy
bush vegetation extends in the direction along a valley on the banks of a seasonally
dry river bed (Fig. 6).

Figure 6. Pattern of moving-feeding tracks along a river bed.

High intensity browsing takes place in the feeding areas proper. Feeding areas are
found at any distance up to 20 kilometers and even more from permanent watcr.
Rhinos often interrupt their progress to the water and fecd intensely in arcas near the
main track.

When fecding, the rhino stands near a bush, cuts a branch and chews it. Then it
cuts another branch and so on. Then it slowly moves on to the next bush. This type
of slow locomotion results in a network of “feeding tracks”, which pass between
bushes in every direction. Feeding tracks are, in contrast to the main tracks and
to most of thc moving-feeding tracks, still covered with some vegetation, c.g.
with grass and very short shrubs obviously trampled by the walking rhinos.

Between these three types of tracks there are of course also intermediate forms. It
is the different proportion between two “appetites” of the animal - the drive towards
a distant aim, water or a remote feeding area, and the tendency to endulge in feeding
on the spot, which shapes the components of the track system.

3. Dumng heaps and seraping places

" Along all these kinds of tracks the rhinos deposit their dung, very often in places which

have been used previously - often many times - by different individuals. After defeca-
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tion on a dung place, the animal breaks the dung balls into picces by scraping with
its hindlegs, and in this way produces two flat parallel ditches. The social function
of this modus of defecation will be discussed in a later chapter.

Large dung heaps are often found ncar watering places, along the main tracks, in
places where they branch off, and in feeding areas. In many cases a small tree or a bush
forms the centre of the heap. Some rhino “lavatories” are used from one side only,
others from two or more sides (Fig. 7).
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Figure 7. Lavatory used a. from two, b, {rom more sides.

Rhino dung is easy to identify; its main contents are short picces of twigs about
1 to 3 cm long, without bark, sometimes split longitudinally. It also has a character-
istic scent.

Rhino bulls sometimes scrape without defecation, and in certain situations they
may scrape and trample over a small bush, knock it down with the first horn and com-
pletely smash it. Traces of this activity are often found near main tracks.

4. Urination

The adult male rhino normally squirts its utine on to bushes or shrubs in a ritualized
manner. When the urine droplets dry, they form small white spors all over the plants.
No deleterious effect on the plant was observed.

Females normally urinate in a non-ritualized manner, i.¢. the urine is released in a
continuous, pulsating stream. But when on heat they squirt urine frequently in small
quantities. Sometimes females urinate in a ritualized manner without showing other
signs of rutting condition.
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5. Dry wallows

“The dry wallowing and slecping places which have already been mentioned are “deve-
loped” by rhinos themsclves, usually from termite hills.

When in optimal condition the wallow is covered by a shect of about 10 cm
of very loose fine-grained soil. The centre of the wallow has a slight depression
and is surrounded by a low rim of loose soil. When the place is well developed, it is
uscd by many different rhinos. Sometimes signs of competition over a wallow could
be observed.

Afrer a certain time, which according o our observations may be a few months,
the place is no more used. Several factors contribute to the deterioriation of a wallow,
e.g. wind carries the fine soil away, or rain washes it off during the wet scason. In our
observation arca none of the 3-4 wallows which were most often used in July/August
1964 were still in use in the following year (March and July/August 1965). About an
cqual number of new wallows were developed and used in 1965.

Wallows are to be found in feeding zones and near main or secondary tracks and
on the banks of the river. Rhinos often visit these places after their morning feeding
period, ot they interrupt a trip to the water in order to wallow. Mothers with babies
and calves were observed to suckle on a wallow. Mating also may occur there.

6. Watering places

In the observation area rhino and elephant tracks converge from a large area towards
one main watering place at the Sobo bend of the Galana River (sce Fig. 11). One im-
portant reason for the convergence of main tracks in this area lies in the topography
of the watering place. The water is easily accessible over a distance of more than
100 mtrs, the banks of the river are only partially rocky, the terrain is relatively open,
and a newly arriving rhino is casily seen. In addition the topography of the river bend
and its surroundings canalizes the wind towards the watering place, so that it is diffi-
cult to approach it without causing alarm by scent.

It scems that therc is another reason for the congregation of rhinos from a large
area to one watering place: rhinos have a tendency to meet there. The social signifi-
cance of such a meeting place will be discussed later.

At watcering places which are used by many rhinos and also by elephants, the banks
of the river are densely marked with footprints and there is hardly any vegeration left.
Large rhino dung heaps align along the main tracks near the river.

Summary

The most obvious impact of the black rhinoccros on its habitat is the special brush
pattern of the vegetation caused by browsing. The difficrent elements of the track
system are conspicuous. But, wherever feeding tracks cover the soil densely, for-
ming a real network, wherever the main tracks look like small roads and are
accompanied by a whole system of more or less parallel moving-feeding tracks,
this is due mainly to simultancous elephant activity.

Rhino lavatories arc easy to detect even if they have not been used over several
months; however, they do not seem to affect the habitat in any important way. Uri-
nation, seraping and the occasional smashing of small bushes also do not leave long
lasting traces.
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II. Relationship between rhinos and other vertebrate specics,
including man

A. Enemies

1. Rbino and predators

In general, rhinos are not exposed to predation. Lions have been known in a few
cxceptional cases to attack and kill a rhino. We have observed three subadult lions
stalk an adult male rhino from two sides in 2 more or less playful manner. The rhino
lifted its head, walked in a slightly aggressive way towards one lion, then turned to-
wards the other. The lions withdrew when the rhino was within a few meters. The
lion obviously does not endanger the specics ; as with other predators, he prefers to kill
with a minimum of effort and risk. However, sick rhinos or calves not sufficiently
protected by their mothers may occasionally be attacked by lions or even by hyaenas.
In August 1964 we found a sick rhino bull near Galana River. The animal was shot
and on closer examination of the dead animal we saw tooth marks in his anal region.
The skin of the penis was bitten off, the distal part of the corpus callosum and the
urcthra formed two separate bodies. Apparently the helpless animal had been attacked
by hyacnas. But after considering all the evidence we conclude that the species does
not suffer from pressurc by predation; it is by no means a limiting factor on a rhino
population. Correspondingly, rhinos show no fear of predators and have not deve-
loped techniques for their detection or avoidance.

2. Rbino and man

As the black rhinoceros has not developed organs and techniques for the detection
of a potential predator from a safe distance, it is extremely vulnerable to man. The
rhinoceros has very poor eyesight. Even when optically stimulated, it is usually not
alarmed. A rhino may see a moving man within 50 mtrs., look at him and listen, but
when he moves away, it soon loses interest. When a man or a car is in sight, but motion-
less, a rhino will show no interest, unless it is within a distance of about 20 to 30
meters,

The acoustic perception of the rhino is well developed. When feeding or walking,
or even when lying, the rhino continously checks the surroundings by rotating its
ears. When an observer walks carefully at about 30 to 40 meters from a rhino or even
when he remains motionless, he will often notice that one ear of the animal is turned
in his direction. But the rhino does not show signs of excitement or of serious alarm.
Especially when the observer walks away, the chino pays hardly any attention. In
some cases rhinos walked towards the observer in peaceful curiosity. Generally the
reactions of cows to noises produced by man are curiosity - alertness - defense of the
calf - flight. Exceptionally self-confident bulls may attack. In most cases however
their reactions are between threat and flight.

The responses of the thino to acoustical and optical stimulation make it very easy
to stalk, But in the past, pressure by man has been so heavythat behaviour mechanisms
with protective functions had survival value for the species. In fact in regions where
they have been hunted or poached extensively rhinos react violently to the presence
of man in two situations:

Firstly the perception of human scent immediately clicits intense excitement
normally followed by flight, often after a short impulse of defensive threatening with
sham-attack and snorting. The reaction is the same when the rhino perceives human
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scent carried by the wind or when it comes across a fresh scent track of man, It is
most likely that the intensity of the reaction is determined by tradition.

Secondly: being unable to detect and identify man by eye or car, and protected by
its olfactory organs downwind only, the rhino has developed an appropriate reaction
to the alarm of other ungulates c.g. zebra, oryx, waterbuck, gazelle, and to the alarm
chirping of the oxpecker. Alarm behaviour of the oxpecker, when man approaches,
immediately causes alarm in the rhino.

After the first alarm, different reactions may be observed, depending on the past
experience, the self-confidence, and aggressiveness of the animal.

All the reacrions of rhino to man as an enemy can be counteracted easily. The era-
dication of the rhino in areas of spreading cultivation was easy; and there is no doubt
that hunting and poaching will lead to the extermination of all five thino species with-
in a short time, unless they arc protected effectively in suitable arcas.

B. Symbiosis

1. Cattle egret, fork-tailed drongo, and oxpecker

The cattle egret (Bubuleus ibis) is often found in association with the elephant and
other large ungulates like rhino, buffalo, wildebeeste. In walking, the mammal causes
insects to move; these are then easily detected and caught by the egret. Though cattle
egrets often sit on the back of the mammal, they are hardly ever seen to peck ecto-
parasites from its skin. When man approaches, the cattle egret may fly off and this
reaction may alarm the mammal. But in no case observed was this effect very marked,
perhaps because the cattle egret is not shy and does not show any pronounced excite-
ment in alarm situations. It may be mentioned here that the association between cattle
egret and thino was frequently observed in Amboseli Game Reserve, but not in the
Galana-Yarta Region of Tsavo East during the dry scason, when the bird species is
rare.

When feeding and moving slowly through bush vegetation, rhinos are often accom-
panied by the fork-tailed drongo ( Dicrurus adsimifis ). This bird does not sit on the
rhino itself but on twigs nearby. It flics around the rhino for short periods in a manner
similar to a flycatcher, then perches again on a nearby twig. Probably the bird feeds
on insccts attracted by the rhino, possibly on biting flics. Normally the association
doces not last for long periods. Presumably the drongo is confined to a relatively small
home range which it does not leave to accompany the rhino. Again the alarm signals
of the drongo when man approaches are not conspicuous and correspondingly the
thino is hardly alarmed by this bird.

This is in striking contrast to the red-billed oxpecker (Buphagus erythrorhynchus )
which has a high-pitched alarm chirrup. It is not confined to a restricted home range
or territory but follows the rhino over a long period and distance, at least during the
greater part of the year. Oxpeckers were observed to leave the rhinos towards evening
and to congregate in small flocks which fly in the direction of roosting trees, where
up to 20 individuals may gather. In the morning they dispersc in small flocks over a
large area in search of host mammals, amongst which rhinos play an important part.
"The oxpecker is often very active on the rhino. It climbs all over the rhino’s body,
legs and head, it enters the outer ears, even the nostrils, and is often very busy nibbling
in the chronic ulcers of the rhino. It has been claimed that the oxpecker even causes

,these ulcers (SpinaGE 1960).

In the Galana-Yatta Region, when man approaches, the oxpeckers give the alarm
chicrup when within 50 meters. In case of alarm of high intensity they fiy off.
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On the other hand, if man approaches in a slow inconspicuous manner, the birds
calm down and often tolerate his presence within perhaps 30 meters.

In Amboseli Game Reserve the alarm distance of the oxpeckers is smaller than in
‘Tsavo East; and in Nairobi National Park oxpeckers sitting on a girafle, zcbra, or
impala even tolerate the presence of man in a car within 10 to 20 mtrs. It scems that
the alarm behaviour of the oxpeckers is conditioned by the expectation of intensc
disturbance: the more vigorous the reaction of the host-mammal to man, the more
pronounced the alarm behaviour of the oxpecker. When the rhino is alarmed it is no
longer a suitable feeding niche for the birds. It often shakes its head and ears in order
to get rid of them, apparently in an cflort to check the situation more carcfully. Un-
doubtedly the rhino itself has developed an alarm reaction to the alarm signal of the
oxpecker. This reaction is at least intensified alertness, but can go as far as flight. When
thz alarmed rhino sees the disturber and is very self-confident, cven attack at full speed
can result.

2. Elephant

Notmally elephant and thino do not take notice of one another. There are however
situations in which they are in each other’s way. Then they often try to avoid one
another as in the following examples:

Obs. Nr. 1: An elephant family-unit on the move came upon a thino bull lying besides
a termite hill. The bull rose and stood motionless. The clephant cows and the imma-
tures passed him on both sides at a distance of appr. 6 to 8 meters. After they had
gone, the rhino lay down again.

Obs. Nr. 2: An elephant family-unit moved slowly along a main track in the direction
of the river, while behind them a rhino walked on the same track at a quicker pace.
When the thino had uearly caught up with the clephants, it uscd a smaller parallel
trail and overtook them.

Sometimes in similar situations, subadult clephants try a playful bluff attack, to which

the rhino may react by trotting away or with a symbolic counter-attack. But appa-

rently encounters arc not serious.

There are, however, situations in which serious competition and conflict may arise.
Before the height of the drought in 1961, the clephants dug holes in the sandy bed of
the Tiva River. Scrious competition arose between elephants, rhinos, and buffalos over
access to these holes, and also amongst the rhinos themselves. Similar conflict has
also been observed at artificial saltlicks.

Rhinos normally give way to full grown clephant bulls; on the other hand, cows
were often seen to withdraw when a rhino showed threatening behaviour.

Elephant and rhino are ecologically more interdependent than the rare occasions
of dircct contact would suggest. They usc the same main and many of the moving-
feeding tracks. If, as in the study area, there are many more elephants than rhinos
(about 10 times as many), it is the elephants who really maintain the track system,
and the thinos make use of their efforts to open the country. Also in times of drought
it is the elephants who dig the water holes, and the rhinos who make use of this last
water supply.

In some few cases observed, the elephant even contributed to the food supply of
the rhino: a small tree with branches inaccessible to the rhino, had been pressed down
but not killed by clephants; later, new shoots were obviously browsed by thinos.
However, the impact of the elephant on its habitat is not purely favourable to the
thino. Thete is a considerable overlapping of food preferences of the two species (see
Table I), as made evident by the collection of elephant food plants (NAPIER-Bax &
SueLDRICK 1963) and the collection of rhino food plants made in the Galana-Yatta
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Region. In normal situations food competition between elephant and rhino should
not be overrated, as clephants, when browsing, eat mainly the leaves or chew the
bark of branches with a diameter of 3 to 5 cm. But they hardly ever tear off the thin
twigs which arc the main diet of the rhino.

It is mainly in times of general food scarcity that a large elephant population may
aggravate the situation of the rhino by food competition. In these times the over-
lapping of food preferences may be mote pronounced, both species concentrating on
plants which are near water and still contain some nutritional substance.

It seems that the main danger for the rhino caused by clephant lies in the destruc-
tion of the tree and bush vegetation. Especially in concurrence with fire, the vege-
tation in large parts of Tsavo East has been converted from bush country to dry grass-
land under the pressure of a large elephant population (BuecuNer & Dawkins 1961,
Grover & SueLpDRICK 1964).

C. Relationship with other herbivores

1. Other ungulates

Rhinos were seen several times in loose association with groups of zebras and with
large herds of buffalos. In one case the zebras saw the observer from about 200 murs.,
watched him motionless and then suddenly started away. At this very moment the
thino too reacted with a sudden rush, followed a zcbra in gallop as if chasing it, then
changed direction, stopped, remained motionless with its tail lifted and tried to locate
the origin of the disturbance. Similar scenes were observed between rhino and oryx.
In all these cases, alarm in the other ungulate species caused the alarm reaction in the
rhino.

Aggressive or defensive reactions of rhino towards other ungulates were also ob-
served; three times rhinos were seen to rush at an antelope (twice waterbuck, once
impala). In one case a mother rhino followed by a subadult male walked slowly over
an open area. When a female waterbuck crossed their path laterally at about 20 mirs.
distance, the young bull suddenly turned and performed a short bluff attack. In an-
other case a solitary male rhino walked along a main track to the watering place at the
Galana River (Sobo bend). A group of waterbuck and male impala feeding on both
sides of the track withdrew when the rhino approached. Only one male waterbuck
remained near the track. The rhino bull rushed at the antelope and chased it for several
seconds before continuing on his way to the river.

While the occasional association of the rhino with buffalo, oryx, or zebra may be
of advantage to the rhino in the sense of protection against man, the observed aggres-
sive reactions of the rhino to waterbuck or impala do not secem to have any ecolo-
gical significance.

2. Ostrich

In the Yatta-Galana Region threc short encounters between rhino and the Somali ost-
rich were observed, which took a rather surprising course. The rhino first listened in
the direction of a walking ostrich group, then approached it at an easy trot. When
within 6 to 8 mtrs. from the ostriches, it suddenly showed fear and ran off at full speed,
while the ostriches took hardly any notice of the rhino. Presumably the rhino expected
to meet another rhino and when it suddenly realised its mistake it reacted with fear
and flight.
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111, Malnutrition, diseases, and parasites

A. Sick and black-coloured rhinos
1. Examination of sick rhinos in 1961, 1964 and 1966

a. The drought period of 1960761

During the severe drought period of 1960/61, the rhino population in Tsavo East
suffered heavily from malnutrition, and subsequently about onc third of the popu-
lation died. During that period, many animals had been found in a very poor state
or almost dying. They were all black-coloured from the saddle region down over the
sides of the body.

A few of the dying animals were shot and examined, and it was agreed by those
who carried out the postmortem cxamination that the animals had suffered from
general malnutrition (Grover & SueLprick 1964). Their muscles were reduced, and
they had large quantities of clear fluid in their body cavities. The black colour of the
skin was found to consist of a film of dried blood. ‘The intestinal tract contained 2
number of parasites (sec III. B.). All these examinations and their cvaluation are ham-
pered by the fact that no comparative data of healthy rhinos are available.

b. 1964/66

From 1964 to 1966, during the dry season, we discovered three obviously sick and

black rhinos, one in August 1964 (A), one in October 1964 (B) and one in October

1966 (C). Animal A was practically unable to walk and showed a striking lack of re-

activity to the approach of the helicopter and to man on foot. It had marks of a recent

attack by hyaenas (described catlier I A.1.). Animal B rose when it perceived human
scent and eventually trotted away very slowly when we approached it and shouted.

Animal C, an old cow, was observed over several days. Each day it appeared weaker

and was less and less able to move, Finally it was found lying ncar a main track.

It did not react to engine noise or to shouting and only rosc when it perecived our

scent, But even then it was almost unable to walk.

Animals A and C were shot and a postmortem examination was carried out:

Animal A: Adult male. No signs of general malnutrition; muscles not conspicuously
reduced in volume. Black coloured skin in saddle region and on the trunk due to
a film of dried blood. Body cavities filled with large quantities of a clear fluid. In-
testinal tract filled with food material. Intestines infested with parasites (see I11. B.),
fiy Jarvac in stomach. The bacteriological examination of the liver (Ver. Res. Lab.
Kabete) revealed an infection with a leprospira species.

Animal C: Old cow. Muscles especially of neck and thighs reduced. Teeth ground
down almost to the gingiva. Black colour of the skin; fluid in body cavities; the
intestinal tract infested with parasites as in A. Liver and kidneys appeared normal.
Spleen was small and the red pulp reduced. Bone marrow contained many hema-
topoietic clements on smear. In blood smears 80%, of the cells werc granulocytes.
The leucocyte number was not counted, but appeared increased on smears. In
smears of a large skin ulcer, many granulocytes and staphylococei were found.

It might be assumed that in the old animal C, general malnutrition duc to the

reduced function of the teeth contributed to the poor state of health. In animal A the

cause of disease is not clear; there were no definite signs of malnutrition, and the
pathogenic function of the leptospira is not clear cither.
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2. Significance of black skin patches
a. Localization

In all cases, the shiny black patches were localized mainly in the saddle region and on
the sides of the trunk. Patches were never seen on the rump, the legs, shoulders,
thighs, neck, or head. In most rhinos in Tsavo East, the saddle region and sometimes
the trunk are darker coloured than the rest of the body. It is obvious that dark areas
are not well covered with dust by wallowing. This can be due to reduced wallowing
by the individual, to a poor quality dust in the wallow used, or to removal of the dust
film by external or behaviourial factors,

In fact, more dark-coloured rhinos were secn after a rain or on very windy days.
Most of the really black rhinos were either sick or old, had very small babics, or
were very heavy, probably highly pregnant cows. We might conclude that the black
patches occur in rhinos who do not wallow for a long time cither because they are
incapable of wallowing due to sickness or old age or because they are instinctively
inhibited to wallow as is shown later for mothers with small habies (Snciologvana
Behaviour VIIL. A. 2.). ’

These assumptions are corroborated by the fact that where rhinos throughout the
year have the opportunity to wallow in muddy water they have neither black patches
nor dark coloured areas. Undoubtedly the muddy water in which rhinos of Amboscli
Reserve and Manyara Park wallow has a better coating cffect than the fine-grained
dust of dry wallows in Tsavo East.

b. Origin of the blood film

The blood crust is formed on the skin when not protected over a long period by 2
sheet of snil. What achinally caunses the blood crust in unprotected areas?

Figure 8. Rhino covered with biting flics behind the shoulder region.
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In fact, the saddle region and the sides of rhinos are most frequently covered with
biting flics (Fig. 8). On the other hand, legs and neck are mobile parts of the body
where flics can be chased off, the rump is protected by tail movemcnts, and the head
partly by ear flapping.

1f the thino's skin is covered with mud or dust, most flies were observed to sit on
the rhino without actually sucking blood (SHELDRICK, personal comm.) and blood
sucking occurs only on very small unprotected areas. Yet, in arcas of the body, where
the skin is unprotected over long periods, the incidence of blood sucking might be
much higher. In both animals shot in 1964 and 1966, the black sides of the trunk were
literally covered with biting flics, mainly Lyperosia and Rbinomusea (Fig. 9). This
lcads to the conclusion that the black parches are related to prolonged and uninhibited
sucking activity of biting flies. It can well be assumed that a large number of flies,
cach one producing a small local bleeding, can overa long time produce a blood crust.

The problem of the black patches definitely requires further investigation. But at
present, the above explanation scems to be most satisfying; and there is no evidence
that black patches arc due to a special type of nutritional deficiency manifesting itself
by increased vascular permeability.

B. Parasites

Rhinos, like other wild animals, arc infected witha number of ecto- and endoparasites.

1. Ectoparasites

Several tick species collected by D. SnEeLDRICK and identified by J. WaALKkeR are
listed in Table I1.

Figure 9. Large number of flics (Lyperosia and Rbinomusea species) on a dead rhino.
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In the study area, ticks were not seen during the
dry scason. In the wet scason, they attach mainly in
the skin folds in the genital and anal region, in
the ears and around the eyes.

Table 1

Ticks identificd by Jane Walker
(previously EAVRO, Muguga,
Kenya)

Several species of biting flies areusually found

on thinos. ‘The most frequent ones have been idf:n- Rbipisephalus bumeralis (adults)
tified by Parsons & SueLprick (1964) as Rbino- . simus (adults)
musca brucei, Lyperosia species, Tabanus species and " pulcheltus (1 femalc)
Glossina pallipides AAusten. 'The first two species Amblyomna gemma  (adults)
develop in rhino dung. When the imago is fully w  sparsum (adults)
developed, it flics onto a rhino visiting the midden. | Dermacentor rhinocerims (1 male)
Thesc flies visit the host not only for a blood meal, | Hyalomna rufipes (1 male)

but they actually live on the rhino by sitting mainly
in the saddle region and on both sides of the trunk as described above (IIL A.). After
the postmortem examination of the cow C shot in October 1966 which was carried
out about 2 kms from the camp, Lyperosia flies were suddenly abundancaround the tents
and we were bitten frequently what had never happened before. ‘The only possible
explanation is that some of the enormous number of Lyperesia flies which had been
sitting on the dead rhino left the carcass and followed us on our way back to the camp.

In contrast, to Rhinomnsea and Lyperosia, Tabanus and Glessina visit the rhino only
for the blood meal and only at certain times of the day.

2. Endoparasites

Microfilaria: Many rhinos have ulcerating wounds especially in the flank’region, be-
hind the elbow, or on the side of the thorax. In these ulcers, a filaria, namely
Stephanafilaria dinniki (Rounp 1964), has been found. The pathology of these lesions
hasbecen studied in South Africa (ScHuLz & KLUGE, 1960)and in Tsavo National Park
East (TREMLETT, 1964), but the pathogenicsignificance of the infestation of the ulcers
with the filaria is not clear. It might well be possible that the filaria infection is secon-
dary to wounding by mechanical means and then causes the chronic ulceration.

Intestinal helminths: In the rhinos shot in 1964 and 1966 large numbers of platyhel-
minths and of nematods were found in the small and the large intestines. In
1966 samples were identified by J]. Borger (Wellcome Research Labora-
tory, Kabcte) as ~lno- - :
plocephala spec. (Platy-
helminths), closely re-
lated to the common
tapewormofthehorses.
and Kiluluma Genus
(Trichoneminac) only
found in the rhino.

Fly larvae: In the rhino

shot in 1964, a con-

fined area of the mu-
cous membrane of the
stomach was densely
covered witha fly larva
about the size of a date
which was identifiedas  RREZS TN : -
Gyrostigma sp. (Fam.  Figure 10. Fiy larvac (Gyrostigma conjugens) in the stomach of a
Qestridac). dead rhino.

RN TohY X ;i
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In the cow shotin 1966, a smaller type of fiy larvae similar to the “horse bot” covered
part of the stomach (Fig. 10). They were identified by ). Bergeras Gyrostigma confugens.

Thelagiid: In the bull shot in 1964, a roundworm was found in the conjunctiva of the
cye. The species has been identified as a Thelagiid by the Vet. Officer at Vet. Res.
Lab. Kabete.

IV. Intraspecific intolerance and aggression

Occasionally the assumption has been made (e. g Hepigur, 1949) that rhinos live in

territories, show territorial intolerance and mark their territories with urine and dung.

Other authors have suggested that rhinos “own” the main tracks in common, but

nevertheless defend a restricted home range as a private property.

“Thesc assumptions certainly do not apply to the rhino population of the Galana-
Yatra Region. All the tracks, wallows, and watering places are used by many different
individuals, and in the various feeding areas, even in small patches between rocks or
rocky hills, difierent rhinos were found at different times. There is no doubt that in the
Galana-Yatta Region rhinos do not defend territories.

But rhinos are not gregarious animalscither. The only social bond whichis stable over
2 to 3 years, is the bond between mother and child. In one case a stable group con-
sisted of an old cow, an aduld female, and a subadult bull, presumably mother, daughter,
and son. Another group of the same composition in which the son was somewhat
older than the daughter, was less stable. In Tsavo National Park East the association
of an adult bull with a cow or with a mother with a calf always lasted for short periads
of a few days or some hours only. The same was true for association of 4 1o 5 indivi-
duals.

It could be asked whether the predominantly solitary way of life of the black rhino-
ceros is connected with intraspecific intolerance. All observations showed however
that this is not the case. Intolerance between females or mothers is extremely rare.
Usually cows do not show hostility to one another; in only a few cases was weak com-
petition observed: c.g. when an individual was lying in a wallow and another arrived
and also wanted to settle in the soft soil. Competition for special places of a
much more scrious nature arose, as mentioned above, during the drought of 1960/61,
when the lower Tiva River dried out and water was available only in the holes which
clephants had dug in the sandy river bed.

Intolerance berween bulls is somewhat more frequent, but also not a predominant
feature of rhino sociology. Three times we observed two bulls who formed a social
group; they moved and fed together. The duration of this companionship is not
known. Most of the bulls, however, do not associate with one another and either
manage to avoid one another or show marked tension when they meet.

Various types of encounter were obscrved between bulls. Often two bulls faced
one another motionless for several seconds, and then parted. In other cases showing
off and threatening were obscrved. Once a bull chased his opponent for about
600 mtrs.; the latter then turned and ran back, and the pursuer gave up.

In July 1965 park employees reported the following incident:

Obs. Nt. 3: One bull chased another for more than 1 km. When he finally reached
him, he prodded him repeatedly with his horns in the hind quarters. The pursued
bull made quick turns sideways to avoid the attack and suddenly fell, whereupon
the pursuer ceased to prod and slowly moved away, while the defeated bull rose
and walked in the opposite direction.

Repeatedly bulls were scen with wounds or scars in the thighs, which may have been

caused in the course of a similar chase.
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Several authors (GucarsserG 1966, Rirchie 1961) have reported that ceal fights
between bull and cow are frequent. According to Rircuie, the cow regularly actacks
the bull during the premating phase. GucGisserG advances the opinion that the bull
is equally aggressive during this phase, aud he agrees that sexual fights of great vio-
lence are quite normal. Gopparp (1966) has not observed real fighting between bull
and cow in Ngorongoro Crater.

Twice, observers have reported to D. SueLprICK that they had scen a bull
attacking another rhino viciously and injuring it seriously. In one case, the victim
was a cow, in the other it was the subadult son of a cow who was being courted by
the attacking bull.

According to D. SHELDRICK (personal comm.), some years ago a bull and a cow
had had an encounter on a rocky hill just above the Assistant Warden’s housc near
Voi Entrance. Probably in the course of a chase, the cow fell down the precipice and
was killed.

During our study we only once obscrved aggression between cow and bull that
lasted longer than some seconds, and even in this case which will be described in the
following observation, no animal was injured.

Obs. Nr. 4: One evening a bull waited on a main track to the water while a cow with
a subadult son approached on the track. The bull listencd, then walked towards
them, but they immediately rushed at him. He turned and ran in a curve and was
chased for some 300 meters in the direction from which mother and son had come.
The two now continued their walk towards the river for some time. They were
resting and feeding at low intensity when the bull who had followed their track
approached them again, this time in a careful and timid way. He did indeed manage
not to clicit the aggression of the cow and her son, though he remained in their
vicinity.

Conflict between bull and cow was often seen in the context of premating but was

never serious as will be shown in more details (Sociology and Behaviour VIL).
We may summarize that aggression occurs to a certain degree between bulls, and,

less frequently, between the bull and the cow or her calf during premating conract.

But there is no doubt that intraspecific intolerance is not a limiting factor for a rhino

population.

V. The population of a selected area

A. Main problems

An ccological survey of a population is not satisfactory without a statement as o its
size and composition. The total number of individuals should be known appro-
ximately, and also the sex ratio and the proportions of the most important age classes ~
immatures, adults in the phase of reproduction and infertile old individuals. The eco-
logical evaluation of the actual status of a population requires the following data:

- age at sexual maturity in males and especially in females,

- interval between consccutive parturitions,

- length of the life phase of reproduction, especially in females.

As an animal population is a dynamic system reacting to changes in the environ-
mental situation, a careful and continuous survey over several years would be most
desizable to analyse the most important reactive mechanisms. With respect to the
limited time available for this study, the survey had to be limited to a restricted area.
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This again complicated the problem of developing a reliable counting method;
movement in and out of the chosen arca had to be considered.

For several reasons it appeared desirable to be able to recognize as many indivi-
dual rhinos as possible and to build up photographic documentation. This was
undertaken not only to solve the problems of movement and changes in the local
distribution, but also to provide data concerning growth of immatures and repro-
ductivity, especially in cows, by repeated surveys during the three years of the study.
In order to corroborate the results of field observations, account must be taken of
the experience of rhinos kept in captivity. Yet, although the black rhino has been
bred in captivity, data concerning increase of weight and size in calves, age at scxual
maturity for males and females and the interval berween parturition and consecutive
receptivity in females have not yet been published for this species. More is known
in this respect of the Indian rhino (Lang 1961).

B. Methods

1. Counting- and observation areas

Arca I (see Fig. 1) was selected for aerial counts. The Galana River forms its natural
boundary to the south, a boundary which is sometimes, but certainly not often,
crossed by rhinos - most probably only when the water level is low, To the north the
area extends over the Yatra Plateau and its northern isolated islands. Preliminary
flights revealed that during the dry season there were practically no rhinos further
to the north. The western and eastern boundaries were chosen arbitrarily, that is,
according to the capacity of the available aircraft and to use topographic features
which could be recognised without mistake. The whole area has a size of approxi-
mately 200 km?,

Area A (see Fig. 1 and Fig. 11) a smaller area within area I of about 25 km?, was
chosen for daily observation from the ground. A small Yatta island, isolated by
crosion, was used as main observation station. In this place was located a telescope
{maximum magnification 50 x in 1964 and 1965 and 60 x in 1966). Sometimes obser-
vations were also made on and from edges and spurs of the Yatta Plateau in the
western, northern, and eastern part of area A. In addition rhinos were observed
during periods of several hours or on successive days in other parts of area L.

Most observations from the ground had to be made on foor, since the terrain is
cut by many small river beds which are very rocky and impassable even by Landrover.

2. Aerial survey

Aerial counts of the total population in area I were made by helicopter during three
periods: 2 counts in July 1964, 2 in September 1964, and 7 in July 1965 on 4 succes-
sive days. The pilot flew at an altitude of 50 to 150 mtrs., in parallel legs with a
distance of 800 to 1000 mtrs. berween them. During the flights the rhinos were
spotted by two observers (one on each side) and their location was marked on a map.
Where possible, their sex was determined and the calves were grouped into three
categories according to their size in comparison to their mother (Fig. 12):

— Babies: very small, from newborn to a few months old;

— Calves: from 1/, to 2/, the size of their mothers;

- Subadults: from 3/, to 4/ the size of their mothers.

On two occasions, one on 25/9/1964 and one on 17/7{1965, photographs of individual
thinos were taken during special helicopter flights while the pilot descended to
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20-40 mtrs. above the animal. These photos were later compared with photos taken
from the ground in the observation area,

In August 1965 a flight was undertaken in a plane with D. Sheldrick with — among
others — the purpose of checking where newborn rhinos were located and how many

there were.
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Figure 11, Obscrvation arca A within the larger area 1. Main tracks leading to watering place,

3. Ground survey

Area A was surveyed almost daily during the following periods:
- 1964: 5 weeks in July/August, 3 days in October,
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- 1965: 3 days in March, 5 weeks in July/August,

- 1966: 3 weeks in October.

This survey was not carricd out as a ptogramm on its own, but combined with the
study of behaviour. It was attempted to note daily all individuals in or passing
through the area, to note their sex, size, their association, position and movement
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Figure 12, Categories of immature rhinos.

route in the arca,and their main activities in the morning and evening (moving,
feeding, resting, and social activities). Similar surveys were made occasionally in
other parts of area 1. Several times the activity program of a single rhino, a mother
with a calf, or a bull associated with a cow, was recorded from early morning until
evening. As it was impossible to follow rhinos continuously at night, attempts were
made to find again in the early morning rhinos which had been observed during the
previous day, in order to obtain information on their movement at night.
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Frequency of watering of rhinos was investigated by two methods:

- On 20 consecutive evenings all the animals which passed near the observation hill
in the direction of the tiver were noted. Their main characteristics were observed
by telescope. Notes were taken of their association with other animals. Drawings
were made and photographs taken in a few cases. It was checked that the animals
really moved towards water. Attempts were made to identify the animals again on
their consecutive trips to the water,

- ln another suitable region a driving track of about 5 km along the Galana River
was swept every evening with a thorn bush attached to the Landrover. In the
moraing the footprints crossing the track to and from the river were counted by
2-4 observers. These figures were compared with the approximate number of the
total population behind this sector of the river, to obtain information on how
often the average rhino goes to water.

Recognition of individual rhinos

Labelling of individual rhinos with a painting fluid under compression was attemp-
ted, but had to be abandoned after a few trials. The instrument at our disposal was
too heavy to carry and handle, and cflective only if used at a distance of less than
5 mtrs. from the animal. Darting was not tried because it would have introduced too
many unpredictable disturbances and interfered with our observational program. In
addition the value of labelling with paint was rather doubtful because of the wallo-
wing habits of the rhino.

But, since rhinos have prominent individual features (horn shape, cuts in the ear,
wounds and scars, folds of the skin) or are recognizable as members of a stable group
(mother and calf), recognition from some distance by telescope and binoculars, and
with the help of photographs taken at closer distances, proved fairly satisfactory for
ground obscrvation. In area A as many individual rhinos as possible were approa-
ched and photographed.

C. Results

1. Results of aerial counts

The counting results of seven flights made on 4 consecutive days in July 1965 are
summarised in Table III,

The figures obtained on consecutive days and even of two counts made on the
same day differ considerably. It has to be asked whether the number of rhinos present
in the counting arca did change to this extent, or, if the different figures are duc
mainly to mistakes made in counting. In the first case, it would be necessary to
assume large scale movement in and out of the counting area. Yet most of the move-
ment observed from the ground was to the river and back again. Only once during
the time of observation was a rhino seen (by park assistants) to cross the river. In
addition it is most improbable that rhinos crossed the northern limit of the counting
area in large numbers. On every flight the density of rhinos near the northern limit
was extremely low. As has been stated above, the eastern and western limits of area
1 were chosen arbitrarily, and there is no obstacle preventing rhinos from moving
across these limits, that is generally speaking parallel to the river. Yet our observa-
tions did not produce evidence that movement did occur to the extent suggcstcd

“by the counting figures. The counting results of flight No. 1 and No. 2 would e.g

indicate that movement out of the area exceeded movement into the area to such an
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Table 111
Acrial counts in July 1965

| } ! : Pescentage
- : . Rt T -
!KF:" ‘ Date Teme tinuﬁdif':nin Mmhe‘r:: 4 ‘a-:‘:;::d' '“.::(‘:m } ofl babi
! , ir:lxlthu:; . immaturcs e
. i

1 147 1430 29 6 8 10 10 3
2 157 10,30 19 — 4 8 2 1
3 15/7 14.30 28 12 8 6 ¢ 60 66.7%, 16.6% 6.7
4 16/7 830 28 2 W 12 6 58 51.7% 24.1% 8.6
5 0 7.6
6 6 4.5
7 4

63 55.5%, 22.2%, .
33 57.5% 21.2%, 6

—

16/7  15.00 31 14 12 12 79 56.9%  21.59,

1777 8.30 24 2 4 38 44 59.1% 20,49  4.59

177 1430 18 6 12 6 46 52.1%  23.99, 13.09
Total 177 42 58 62 44 383  — - =
Average - = = = = — A% 21.4%  T.6%

B = Babies ~ C = Calves - § = Subadules

extent that the number of residents was reduced by half. After this — between flight

No. 2 and No. 3 ~ the inverse movement would have occurred within 4 hours ~

between 10.30 and 14.30. Our daily observations from the ground do not suggest

that movement takes place at this time, as most individuals usually rest during the
hot time of the day and only a few feed and/for move slowly,

On the other hand there is evidence that the reliability of aerial counts was much
smaller than had been assumed. The large differences between the total number in
flights No. 2 and No. 3 for example cannot be explained by movement into the area,
but rather by a large counting error.

Simultancous counting from the helicopter and from the ground in a definite area
by different observers revealed that even trained observers in the aircraft missed
under favourable conditions a considerable number, at least, 1/; of the rhinos.!

Evidently the following factors influcnce the reliability of counting from air:

- Light conditions: It is much casier to detect the rhinos in bright sunshine
than in diffuse illumination.

~ Disposition of the observer: It is quite obvious that besides the experience
in spotting, the actual disposition of the observer is of major importance.

- Reaction of rhinos: The noise of the helicopter caused many rhinos to rise
when lying and to trot away, to gallop or to rush forward in an effort to attack the
cause of the disturbance. These animals could be detected fairly casily, at least if
they moved within 200-300 mtrs. horizontally from the aircraft. If further away,
they were casily missed. Not all individuals reacted in this way. A considerable
number of them, after the first alarm, remained motionless, but ready for further
reactions. Some remained lying on their resting place, others stood motionless
after rising. Others again, stayed in bush vegetation or moved into it in search of
cover. A mother with a small calf often stood on the spot after rising, covering the
calf with her body, so that it was hardly exposed to the observer. All these indivi-
duals, which behaved in a more or less cryptic way, were casily missed. It is also
possible that some of the rhinos became used to the disturbance after repeated

! Recently Gopoarp (1967, E. A. Wildlife J. 5:18-23) has checked the validity of censusing black
rhino populations from the air using small aircrafts. He found that in Olduvai Gorge “‘even under
the most ideal conditions” only 50%, of the population were detected.
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experience of the aircraft and did not react as vigorously as in the beginning.

However, the closer the aircraft flew over the rhinos, the more seriously were they

alarmed and the greater was the chance of detecting them. This would seem to

recommend low flights for counting. But when flying low, it was obviously more
difficult and often impossible to survey a strip of 460 to 500 murs. on each side of
the helicopter. This difficulty could have been overcome by flying narrower legs,
but then there was a risk that excited animals, in running away from the aircraft,
were counted once or cven twice more during the next legs. In addition such a
flight pattern would have caused a substantial increase in fuel consumption and
had other technical disadvantages.

It may be mentioned here that on the morning of the 15th July (Flight Nr. 2) when
only 33 rhinos werc counted in the arca, the light conditions were very poor and the
helicoprer was flying rather high. On the other hand, on the afternoon of the 16th
(Flight Nr. 5) when a maximum of 79 rhinos was seen, there was bright sunshine
and the helicopter was flying rather low. The legs were nevertheless of the usual
distance, so that considerable strips of terrain ~ approximately 1/, to locally 1, of the
arca - could not be surveyed cfficiently and therefore a corresponding number of
animals was probably missed. It is obvious from all the possibilities of error, that
the figures obtained in these aerial counts must be considerably lower than the real
population. This makes it difficult to draw conclusions in matters in which the total
population is involved i.c. distribution of the population, movement in and out of
the observational area, and also the proportion of rhinos going to water every night.
Nevertheless aerial counts have provided important information, especially in combi-
nation with ground surveys. .

Although a varying proportion of the rhinos was undoubtcdly missed in all the
aerial counts, there is no reason to assume, that onc special categary of the population
- bulls, or single cows, or mothers with subadults, calves, or babies — was more often
overlooked than others. Thercefore aerial counts should prove satisfactory as a method
to investigate the proportional composition of the population.

In this context a few more remarks should be made: The association between two
or three adult animals, especially between bull and cow, is genceally unstable. Often
a bull was observed from the ground with a cow for a short period of up to a few
hours; then the animals moved in different directions. Therefore the proportion of
single adults to adults in pairs is not a stable one in the acrial counts (Table I1I) and
has a high variation. On the other hand, the proportion of mothers to all adults
should not change in representative counts over a short period. The percentage of the
mothers shows indeed relatively little variation, with an average of 21.4%, and
extreme values of 24 and 20.49, with the exception of flight Nr. 3.

The classification of immatures into three categories may have been subject to
error; in particular the difierentiation between calves and subadults is not always
reliable during the flight. But the percentage of babies which are comparatively easy
to classify, and especially the percentage of all immatures should be relatively stable
over a shott period. This is in fact the case: the percentage of immatures within
flights differs from 16.6 to 24.1%, with an average of 21.4%,. Also the percentage of
babies varies only in the range from 4.5 to 8.6% with the cxception of the high
value of flight Nr. 7.

L}
2. Resuits of ground survey

Jt was never intended nor hoped to count the total population from the ground.
During the whole time of observation, area A did not appear to be the home range
of a definite proportion of the population. It was passed daily by a varying number
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of animals on their way to and from water. Other individuals stayed in the area
throughout the day, feeding and resting. These left after one or perhaps a few days and
somctimes appeared again in the area several days later. The way of life of the rhinos
in the region is nomadic to a large degree, as will be outlined later, and the excursion
range of each individual far exceeds area A. Nevertheless ground counts of the popu-
lation within this limited area were made to investigate the composition of the popu-
lation. The disadvantage of a relatively small counting area lies in the fact that it is
more affected by an uncven distribution of the different components of the popula-
tion,

A comparison of the two methods of survey, from the air and from the ground
{Table 1V) shows, however, that no basic difference was obtained in the distribution
of the different age and sex categorics by the two methods.

Table 1V

Percentage distribution of age classes in aerial (A) and ground (G) counts in 1964,
1965 and 1966

i ' R " n

Tatal Adults ‘ . i
Obs. ‘ animals ('?:m d)"m ! Mothers i Il?:l:: l Babies | Sr:ll;ﬁul: 1 :m:::}m

' 1
1964 G 426 62,29, 18.99%, 81.19%, 1.4%, 17.5%, 18.99%,
1964 A 455 62.6%, 18.79% 81.3%, 0.9% 17.8% 18.7%
1965 G 528 60.0%, 20.0%, 80,09, 4.6%, 15.4% 20.0%,
1965 A 383 57.2% 21.49%, 78.6% 7.6% 13.89%, 21.4%,
1966 G 468 52.0% 24.09%, 76.0% 5.6% 18.4% 24.0%,

3. Size of the popalation

As pointed out above, acrial counts did not produce reliable results with regard to
the size of the total population. A large proportion of the rhinos in arca I must have
been missed on cach flight. On the other hand, area A where thinos were carefully
observed from the ground, was much smaller than the excursion range of any indi-
vidual rhino. In fact we have not yet enough information as to the extent of nomadism
of the local rhinos, and do not know to what extent the number of rhinos in area 1
actually changed as a consequence of movement. However, the following considera-
tions should allow us to come nearer to the real size of the population present in
arca 1.

Ground observations in area A made simultancously with helicopter counts in the

same area (as part of area I) showed that under favourable conditions 1/, to 1, of

the rhinos were missed by the observers in the aircraft.

On the average of 7 flights in 1965 four babies were counted and a total of 55 animals.

Yet, on an additional flight with the park aircraft nine babies were seen in area 1.

All the ground obscrvations also suggest that at least nine different mothers were

accompanied by babies. If we assume that on the average of aerial counts the same

percentage of babies was missed as of other age categories, then the whole popula-

tion would amount to:

2X9 _ 124 individuals

In summing up, we come to the preliminary conclusion that, due to nomadism of the
thinos, the population within area I is not really stable. The total average number
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within the arca is about 120 individuals, which whould mean an approximate
density of 1 rhino per 1.7 km?.

In order to avoid misunderstandings it has to be pointed out, that rhinos were in
no case evenly distributed throughout the area. Often two to cight “‘rhino-units”,
that is single adults or mother-child-units, were found within 1 km?, while in other,
much larger areas, no rhinos were scen at all. These relative concentrations of rhinos
cannot be regarded as stable social groups. In many cases it was evident that animals
were aware of the presence of their actual “neighbours”, sometimes two units met
deliberately; but very often they moved independently in diflerent directions so that
the momentary concentration disappeared again.

4. Composition of the population

As has been discussed above, acrial counts did not give reliable results as to the size
of the population, but there is no obvious reason why the proportional composition
should not be measured fairly accurately by these counts. On the other hand the
counts made from the ground in the small area A are not necessarily representative
for the whole area I, duc to an uneven distribution of the different categories in this
area. Since a large percentage of the animals counted in arca A is moving to or from
the river, that is to water, the length of the watering cycle of different groups might
be of importance in this context (sec C. 7.).

“Table IV shows almost identical figures for aerial counts and observations made
from the ground in 1964. In 1965, there is a larger difference between the percentage
of babies obscrved from aircraft (7.6%) and fyom ground (4.6%). Observations
made from aircraft and from ground show that mothers with newborn or very young
babies move less than other thinos and make use of a smaller excursion area. It is
therefore possible — and aetial observation supports this assumption - that in 1965
babies were not equally distributed within area I and that arca A was less frequently
visited by mothers with babies. This cxplanation is supported by the following con-
sideration: according to our abservations at least 9 different mothers with babics
were abscrved in area I, If these 9 babies represent 4.6%, of the total population, the
latter would amount to 200 individuals, which is definitely too high. This also sug-
gests that the aerial counts are more representative for the composition of the popu-
lation in 1965 than the ground counts.

In summary, all the figures indicate a significant increasc of babies from 1964
(1.4%, or 0.9%,) to 1965 (4.6%, or 7.6%,) and during the same period an increase in
immatures generally from 18.9 resp. 18.8% to 20.0 resp. 21.4%,. The flight with
D. Sheldrick in August 1965 over area I, the region south of Galana River and on its
northern side, to the west of arca I, showed that this high percentage of babies
was not restricted to arca I.

The concentration of parturitions in June and July 1965 suggests that in March
and April 1964 a larger number of cows came on heat (Gestation period: approxima-
tely 15 months or 450 days, [Faust 1958, see also SCHENKEL & Lang 1969]). The
reason for this “rutting” period is unknown.

It should also be added that in 1965 a larger number of apparently subadult animals
was seen alone, namely 31 out of 526 = 5.9%, whilst in 1964 only 7 out of 420
animals = 1.7%, belenged to this category. Probably these animals which appeared
subadult in size and behaviour had been rejected by their mothers because of the
new parturition, the exact time of this process not being known.

In 1966 no aerial counts were carried out and all the data were obtained from
ground observation.
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5. Sex ratio

There are three ways of recognizing the sex of rhinos: Firstly by the identifi-
cation of external sexual organs, which is easier in males than in females. The second
possibility is based on the experience that an adult thino closely associated with a calf
is its mother and therefore a female. The third one depends on the observation of
special behaviour patterns such as squirting of urine in a horizontal shower, the
complex bull ceremony (see Sociology and Behaviour V.D.), showing off and bluff
attacks between two rhinos, patterns of hehaviour which are characteristic of bulls,
or releasing of urine in a typically female manner. External feature such as body size,
shape and size of the horns or shape of the neck do not reliably indicate the sex of
rhinos.

In aerial counts a large proportion of the animals could not be sexed, therefore
sex is not included in Tables 1II and IV. Determination of sex is also difficult in
single animals observed from great distance on the ground. It would have meant a
useless effort to try to approach all the animals in different directions and at varying
distances from the observation hill. In addition, when walking through the obser-
vation area, we would have disturbed the rhinos by our scent in the air and on our
trail.

In 1966, with a better telescope at our disposition than in previous years, we made
a special effort to sex as many rhinos as possible, including the immatures, within
observation area A. Among the 356 adult rhinos observed from the ground 285
(= 76.19,) were sexed. As shown in Table V, the adult females outnumbered the

Table V
Distribution of the different age and sex classes of the rhinos observed in October 1966
Class i Females . A!fala 7 §wed N E‘,"_ __ i Ratio
| Ne % DN [ Ne g e [y | G50
Adults
Mothers 112 23.9
Single cows 49 10.5
All 161 344 124 265 71 15.2 35 76.1 1:1.3
Immatures o a -
Babices 9 4
Calves 17 27
Subadults 1 15
All 27 5.8 46 9.8 3 83 112 239 1:0.6
TOTAL 188 40.2 170 36.3 110 23.5 468 100 1:1.1

adult males in a ratio of 1.3 to 1. This sex ratio is most probably distorted. The main
reason lies in the fact that a considerable part of the adult females, namely the mothers,
can be sexed easily at all distances. In addition, mothers have on the average a some-
what shorter watering cycle than single adult rhinos. In area A, which during
the dry scason is an area of passage to and from water for most rhinos, mo-
thers thercfore appeared more frequently than single adults. Accordingly the percen-
tage of mothers may be higher in the counts than in reality. This is in agreement
with the few observations made in the area north of the Yatta Plateau, where we
found more bulls than cows.

In conclusion we maintain that adult males are probably not outnumbered by
adult females as shown in Table V., but that the real sex ratio for adult animals is
close to 1 : 1. This is in agreement with findings of KLINGEL (1966) in Ngorongoro
and with the recently published counts made in the Zambesi basin (Rot 1968).
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The distribution of females and males in the three age classes of immatures
(Table V) scems rather haphazard. In immature rhinos sexing is based on the recog-
nition of external sexual organs. This is more often possible in males than in females.
We may thercfore assume that among 39 unsexed immatures there are more females
than males. It should, however, be mentioned that in some species of mammals, the
percentage of immature males is higher than that of females. We obviously do not
have enough data to make any comment in this respect, and particularly have no
evidence for juvenile mortality.

6. Grawth and reproduction

The ceological analysis of the structure of a population requires a knowledge of the
following data:

- the age at sexual maturity, especially for the cow,

- the average interval between consecutive parturitions,

- the average duration of fertility during the life span of the cow.

Only limited observations of captive black rhinos are available. Our own observa-
tions in Tsavo East give no conclusive data as to age ar sexual maturity, interval
between parturitions and period of fertility, but they nevertheless throw some light
on these questions.

a. Juvenile growth

In July 1965, a comparatively large number of babies was present in the area, They
must have been born within a few wecks of one another, and accounted for more than
a quarter of all immatures. In October 1966, we therefore expected cither a large
number of calves which were by then 11/, 1o 11/, years old, ot, if there was high
juvenile mortality, a considerable number of cows without offspring. In fact, in
October 1966 the class of calves was larger than in previous years (61% of all imma-
tures) and consisted mainly of half grown animals. This suggests strongly that the
babies which were born in June and July 1965 were half grown in October 1966 at the
age of 11/, to 1}/, years. Additional evidence for this assumption was obtained from
photographs. A mother which had been photographed with a newborn baby in July
1965 was found to be identical with a mother with half grown calf photographed in
October 1966.

Premating and mating behaviour was observed in cows accompanied by approxi-
mately half grown to 2/, grown calves. This would mean that cows are usually recep-
tive again between 11/, and 2 years after parturition, With a gestation period of 450
days on the average (Faust 1958, sce also ScuenkeL & Lanc 1969), the cow gives
birth again when the former offspring is 21/, to 31/, years old. The fact that an associa-
tion of a cow with both, 2 baby and a calf, has never been observed, indicates that the
former offspring is no longer with its mother when the new baby is born, and even
during the last phases of her pregnancy. Subadult rhinos thus live on their own when
they are 2, to 31/, years old.

Observations on the well known cows “Gertic” and “Gladys” in Amboseli
support this conclusion (sece GUGGISBERG 19G6).

b. Maturity and reproduction in females

In July 1965, when a large number of babies were living in the arca, we frequentls
saw subadult animals on their own. Most of these must have been ofispring of cowyg
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who had given birth again. In 1964, on two occasions a cow which was not full grown,

was seen in association with a bull, and, in one case, it was clearly a sexually motivated

contact. We may assume, therefore, that cows reach sexual maturity at 31/, to 4 years

and may give birth to their first offspring at 43/, to 5!/, years. This assumption is

supported by the following facts:

1. The female black rhino born in Frankfurt Zoo appearced almost full grown at
4/, to 5 years (Faust, personal comm.).

2. In the Basel Zoo the following data were noted for a cow of the Indian rhinoceros
which had been born in captivity (Lang, 1961 and 1967):

Born 17. 8. 1958

First heat 23. 7. 1961 (less than 3 years)
Mating 8. 11. 1961 (31}, years)
Parcurition 9. 3.1963  (4}/, years)

In both species, the black and the Indian rhinoceros, females obviously continue to
grow somewhat after they have reached sexual maturity. The heaviest cows which
we observed in Tsavo East were either accompanied by a smaller adult or by a large
subadulr animal, or they were on their own. This suggests that old females live for
scveral years after their fertile period is over, sometimes together with the last or
the last two offspring, sometimes alone. But we have no definite information as to
the age at which cows reach this stage. We can therefore only estimate the total repro-
ductive capacity.

Making use of allavailable data, and assuming that a cow reaches the end of her
reproductive phase at the age of 30 10 35 years, we obtain the following time-table
for the female black rhino:

Independence at 21, to 3%/, years

Sexual maturity at 31/, to 4 years

First parturition at 4%/, to 51/, years

Interval between parturitions 21, to 31/, years

The total number of offspring of a healthy cow will be at least 7 and at most 12.

¢. Males

It has been observed in a number of larger mammal species that males reach sexual
maturity and especially the full grown status later than females. In all these species,
the male is stronger and lazger than the female, equipped with special male weapons,
and adorned with other external sexual features. This sexual dimorphism in external
features, such as size and strength, together with the longer phase of development,
indicates special functions of the male. In some species, leadership and group protec-
tion belong to the complex of male functions. Yet in the great majority of higher
vertebrate species with a marked sexual dimorphism, the males are especially equipped
for competition over privileges and striving for dominance. They thereby actually
sclect from amongst themselves the individuals most fit for breeding. In many species
the females contribute to this selection by being more stimulated to take up sexual
and social contact with males in full status.

In the black rhinoceros sexual dimorphism is not pronounced. Leadership and
group protection are not male functions. There is a certain degree of competition
among bulls, especially competition over cows on heat. Most probably bluff attacks
on cars, which are frequently observed in bulls associated with a cow, are directed
against a presumptive rival bull!

Nevertheless, competition amongst rhino bulls is not as highly developed as it is
for many other vertebrates.

Premating with its components of aggression between cow and bull seems to

The population of a selected area 43

function in testing perseverence and stamina as well as the premating experience of the
bull. But again these special qualities of the bull are not really emphasized. Never-
theless, male rhinos reach sexual maturity and full status later than females. This was
also obvious in the case of the tame bull “Rufus” in Tsavo East who still had suba-
dult characteristics at the age of 6 years. But his development might have been retar-
ded, because as a baby and small calf “Rufus” lacked mother’s milk. In zoos too it
has been observed that rhino babies remained runts for a long period if raiscd without
mother’s milk (HagenpECK 1966).

In 1965 we observed a bull in premating contact with a cow of equal size. Also the
bull which in 1966 had been observed when mating was comparatively small in sizc,
Both ranged in size between the smallest males found on their own and really full-
grown bulls. We might, therefore, conclude that a bull reaches sexual maturity ar
about 6 years of age and full status at about 8 to 10 years. A comparison with the
Indian rhino may contribute towards substantiating this time-table:

Table VI

Comparisen of development of the male in the Indian and the black rhinoceros

Age 1edian Rhino* ! Black Rhino®
at independence 2 -~ 2, years 2~ 3}, years
at sexual maturity 5= 6 " Sfy- 6,
when fullgrown 10 -12 " oe 8 -10

! Dr. E. LaNG, Bascl Zoo, 1967, personal comm.
2 according to our observation in Tsave East

7. Watering cycle

During the dry season, the occurrence of surface water will contribute to the deter-
mination of the geographical limits for a thino population. Even if food is available in
arcas far from water, rhinos might not be able to make use of it during the dry
season.

Only very few rhinos were found in the regions between 12 and 15 kms away
from the Galana River, both to the north and to the south, when we surveyed these
areas by helicopter in July, August, and September. Further away practically no
chinos were scen at all,

The distance between areas with surface water and the most remote feeding arcas
depends maialy on capabilities of the rhino and on climatic conditions. When living
in a feeding area far away from water, the rhino has to cover great distances to and
from water, but, in addition, has to feed, rest, wallow and sleep ctc. Such a program
would be impossible to cope with if the rhino had 10 water every evening. It must,
therefore, be able to remain without water for several days.

Rhinos have sweat glands (TREMLETT 1964) which contribute by evaporation to
the regulation of body temperature and thereby lead to loss of body water. Local
climatic conditions such as temperature, irradiation, wind and humidity must there-
fore play an important réle in determining the length of the period away from water.

Though several authors have maintained that rhinos water daily, we were soon
convinced thar this was not the case in our observation arca. Each evening only part
of the local population moved to the river, and the individuals observed on conse-
cutive evenings were not identical. Even rhinos which stayed near the river for several
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days, most probably did not visit the watering place every evening. Individuals were
scen feeding or sleeping in the evening a few kilometers away from water and were
again found in the same arca next morning. At the watering place itself, we observed
bulls which came to the river banks carly in the cvening, wallowed and slept in the
sand, later sniffed around and had encounters with other rhinos, and went off without
drinking. Others passed the watering place on a feeding trip, but did not drink. In
order to find out how often rhinos go to warer, we tried to identify those which pas-
sed near the observation hill on their way to water, and we counted footprints on a
track along the river (as mentioned in V.B.).

a. Observations of individual thinos over a period of 20 consecutive days

During 20 consccutive days in October 1966 we registered all the rhinos which we
could observe and especially those which we could recognize individually from the
observation hill.

Of a toual of 356 rhino-units observed, 21 were seen more than once and recognized
with certainty. A similar number of others was probably seen more than once, but
identification was not quite definite.

The 21 rhino-units consisted of 12 mothers with offsprings (= 99, of all mothers),
of 6 bulls (= 5% of all bulls), and of 3 single cows (= 6%, of all single cows). On the
average, a unit was scen 5 times (range from 2 to 11 times).

The observations made for five dificrent rhino-units (here called A, B, C, D, and
E) arc represented in diagrams in Fig. 13. These diagrams show the approximate
distance from water for cach individual observation and the direction of general
movement of the rhino. It is comparatively easy to recognize pericdic movements
to and from water in the cases A and B, both mothers with babies. The watering
cycle appears quite clearly in the diagrams. Both units obviously visited feeding
arcas at a considerable distance from water and in between times could be seen on
the move to and from water in the cvenings and mornings. The interval between
consecutive trips to the water was in most instances 4 days, once 3 days and once
5 days.

In the two cases C and D, the animals stayed rather near the water, in the neigh-
bourhood of the observation hill, for several mornings and cvenings. Appareatly
they had no need to move to the river during the day and so we could not sec them
on the move to and from water. We might assume that C watered during the evenings
of 29/9, 4/10, 9/10 and 14/10, that is, with a watering cycle of 5 days, but it is impos-
sible to know whether they also watered c. g. between 9/10 and 14/10, when the mo-
ther and calf were secn almost daily near the observation hill,

For D, the data wete even more difficult to interpret. The animals might have
watered during the nights of 28 or 29/9, 2/10, 6/10, 10/10 and 14/10, that is with a
cycle of 4 days, but other interpretations cannot be excluded.

The case of the old cow E, which was shot on 13/10, is of special interest. We have
therefore illustrated the movements of this animal berween 1/10 and 13/10 in the
diagram (scc Fig. 13) and in a schematic map of the region (Fig. 14). This cow
undoubtedly changed her watering place during the time of observation.

These observations were hampered by several difficulties, among which the most
important are: -

- Recognition on the basis of typical features such as horn shape, wounds, scars, skin
folds is often impossible at a distance. The association of mother and offspring
was used as a helpful characteristic. This contributed to the higher number of
mother-child-units among the individually known animals, but did not help to
analyse the watering cycle of single rhinos.
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Figure 13, Diagrams showing localisation and movement of five different rhino units on 20 consccutive days
(M = morning, E = cvening).

- Rhinos may visit different watering places, This is one aspect of their nomadism.
Only mothers with babies do not frequently change their route, feeding areas, and
watering place. This will contribute towards acquainting the baby progressively
with parts of the home range.

— As made cvident by the observations of C and D (sec Fig. 13), individuals some-
times did not walk through the observation area on their way to water but stayed
for some days in the ncighbourhood of the river. Thesc animals might make the
short trip to water unobserved during the night, and therefore their watering
cycle could not be defined.

Despite these shortcomings, our obscrvations suggest:

- that mothers with babies and small calves have an average watering cycle of 4 days,
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~ that mothers with larger offsprings and single adults go to water at intervals of
4 to 5 and perhaps even 6 days. Their nomadism js pronounced and they may
change their watering place frequently.

Fignre 14. Map of obscrvation area A showing the movement of an old cow (L)
on 10 consecutive days.

b, Counts of footprints on a track along the river

Counts of footprints made on 23 consccutive days on a track along the southern
bank of Galana River arc summarised in Table VII. On the average, footprints of
14 animals going to water and 12 animals coming from the water were counted. In
addition a few trails (average 2.6) were observed more or less parallel to the track.

The difference in the number of animals going to and coming from the water is
most probably due to counting error. There was no evidence that animals crossed
the river at night. It was not always possible to differentiate berween footprints
definitely leading to or from water, and those produced on a feeding trip ¢. g. along
the Suaeda bush girdle bordering the river.

Table Vi1

Counts of footprints of rhinos crossing a track parallel to the river, south of Galana Rivet, on
23 consecutive days in July 1965

Footprints
to the river ‘ fram the river ! slong the n-;;k
Average 13.9 12 2.6
Standard
deviation 4.4 2.7 0.6
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The number of animals in the area behind this sector of the river was counted in
4 flights. Again, as outlined earlier (V.C. 1) there was large variation in the number
of animals spotted each time from the aircrafe. The highest number of 32 is probably
still an underestimate by 1/; to 1,. Assuming that the total number would he
approximately 50 animals and that the number of rhinos who actually came to
water was at an average of somewhat below 12, we calculate an interval between
watering similar to the one under a., namely an average of 4-5 days.

D. An ecological evaluation of the rhino in the Galana-Yatta Region

1. The status of the population in 1966

Within the rhino population of the Galana-Yatta Region almost 2/; of the adult

females are mothers leading offspring less than 3 years old. The remaining one third

of the adult cows must consist of the following categories:

a. Young cows ranging from those which arc newly independent to those near their
first parturition, that is the age class of females from 21/, or 3 to 5, or 6 years old.

b. Old cows which are no longer reproductive.

c. Highly pregnant mothers who have recently repulsed their ofispring and will
shortly give birth.

d. Cows which are infertile.

¢. Mothers who have lost their offspring by predation, accident, or other reasons

related to juvenile mortalicy® .

It is ecologically important to determine the ratio of the number of cows in the frst
three categories to the numbers in categories d. and e.

Let us assume that, on the average, cows live on their own for 3 years before the
fitst parturition, that they give birth at intervals of 31/, years, live alone for 1, year
before cach parturition, give birth to a total of 8 babies, and live on their own for
the last 4 to 5 years of their life: in this case we calculate the ratio of mothers to the
total female population as 27 in 37, that is ncarly 2 in 3, the proportion found
in the counts. Though these assumptions are not entirely based on established facts,
they indicate that the rhino population in the Galana-Yatta Region suffers neither from
a high juvenile mortality nor from a high degree of infertility of cows. The

_ population appears to regenerate adequatcly.

2. Ecological trends of the situation

As has becn stated, the exceptional drought of 1960/61 reduced the rhino population
of Tsavo National Park East by ar least one third, During these two years there was
no vegetational growth. Subsequently food became scarce. The rhinos, the elephants,
and other large herbivores concentrated more and more near the few permanent
water courses. Food resources were exploited heavily in these areas. The result was
severe food shortage and damage to the vegetation.

In 1962 rains were excessive and floods occurred all over East Africa. In the follow-
ing ycars the climate was again more balanced and the vegeration regenerated cach
year during the rainy*seasons.

Though no botanical survey of the recovery of the vegetation since 1961 has been

! In Tsavo National Park East twice (in 1960 and 1966) a newborn rhino was found on its own. Most
probably in these cases the reciprocal bond between mother and newborn calf had not developed
successfully during the phase of imprinting.
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carried out, it has to be assumed that short lived plants such as grasses and herbs
build up more quickly than long lived plants such as bush and shrub vegetation. The
latter are the main source of food for thinos. It scems that this building up process
was still going on during the years 1964 to 1966 when this study was carried out. The
recovery of bush and shrub vegetation must have contributed to the recovery of the
local rhina population, leading to a new equilibrium at a higher level, between rhinos
and vegetation. The great number of parturitions in June, July, and August 1965 and
the high reproduction rate gencrally can he understood in this context.

During the same time another process has become increasingly cvident in the
study area, a process which might eventually lead to serious consequences for the
rhino: the invasion of the region by clephants causing progressive destruction of
important components of the vegetation.

In 1966 the impact of the elephant on the vegetation showed the following main
aspects:
~ Along the Galana River practically all trees with the exception of the Doum

Palms (Fyphaene spp.) have been killed by ring-barking. The Suaeda girdle on

the river banks appeared heavily reduced in size and damaged near the watering

places.

- In the region between the Galana River and the Yata Plateau, with its soft slopes,
small valleys, and flat hills, most of the Commiphora trecs have heen uprooted
during the last years, Several stretches of terrain where rather low growing
trees of this genus were abundant in July 1964, were literally covered with blea-
ched and dried tree carcasses in October 1966. Many trees of other familics - c.g.
of the acacias — have been heavily damaged throughout the region, some by ring-
barking, others by breaking most of the branches.

- In 1966 the main tracks appeared widened and the network of moving-feeding
tracks mofe of less parallel to the main tracks extended over larger areas and
appeared denser and more trampled than in the two previous years.

In these zones along the main tracks grass and herbs have disappared leaving the

soilalmost bare. The bush vegetation has also suffered. Uprooted bush and especially

bushes with broken off parts were frequently seen. But in general the impact on
the bush vegetation was not as heavy as on the trees.

~ Onthe Yatta Platcau the increasing destruction of trees was striking, Elephants must
have invaded the observation hill some time between August 1965 and Septem-
ber 1966, destroyed all the Sanseveria, trampled the bush vegetation, broken down
or uprooted most of the small and damaged the few larger trees.

Similar damage of the vegetation is frequently seen now on the rocky parts of the

Yatra Platea. In depressions of the Plateau, especially where main tracks lead

across it, the devastation of the vegetational cover is most pronounced. Dead

trees and large patches of bare soil are predominant during the dry season. Again,
it seems that the shrub and bush component has suffered less than trees and even
grass,

- To the north of the Plateau the progressive destruction of the vegetation is also
fully evident. Again, destruction of trees, the Sanseveria thicket, and the grass
cover by trampling are most pronounced.

Undoubtedly the impact of the elephant has resulted in a conversion of the vegeta-
tion in large parts of Tsavo National Park East (GLovER & SHELDRICK 1964). The
vegetational cover with its Commiphora, bush and Sanseveria thickets has been
converted into a rather thin grass cover. In the eastern section of the Yatta Plateau
and the adjacent areas this conversion is not yet complete, but it is in progress due to
the increasing invasion by elephants.

This situation has to be considered in the context of an ecological evaluation of
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the chino in this region. So far the local rhino population has not suffered. On the
contrary, it has recovered with the vegetation from the consequences of the heavy
drought of 1960/61. But we must conclude that the development caused by clephants
can be a serious menace to the future of the rhinoceros in the region. It scems that up

to now the bush and shrub vegetation has not suffered much from the clephant. But
this might well be a preliminary phase of the changes in progress; in other regions of
Tsavo Narional Park East the changes caused by clephant and fire concurrently have
led finally 10 the loss of all bush and tree vegetation.

It is difficult to belicve that the black rhinoceros can survive in dry grassland. Yet,
it must be admitted that in the Serengeti and in Ngorongoro Crater rhinos are often

scen in the open, sometimes cven feeding on very low growing herbs; but on the

whole they live in the adjacent bush country.

3. Conservation of the rhino in Tsavo National Park East

Tsavo National Park East with its thino population of approximately 1000 individuals
is one of the last strongholds of the species. It is thercfore of the utmost importance
for the conservation of the species to protect the population of Tsavo East,

It is difficult to foresee how the ecological situation outlined above will develop.
Prophylactic measures should be taken soon before this development has taken irre-
versible course. )

1. A comprehensive ecological investigation of the whole region should be made
over a number of years. This investigation should include an ecological analysis of
the clephant population, of the changes in the .vegetation and of the rhino popu-
lation. :

2. A suirable area should be chosen without delay for active management. This area

should contain a healthy rhino population. Its vegetation should still show the
main components which have been characteristic of the region during the last
decades. In this area the number of clephants should be reduced and then kepr at
a low level by active control. It is self evident that clephant control would have to
be carricd out so as to keep disturbance within the area at a minimum, It is not
the purpose of this work to define the size to which the elephant population should
be reduced, or how to cacry out elephant control. We would, however, like to define
clearly the purpose of such measures:

Within the chosen area, management has to aim at the preservation of a tree and
bush habitat as was characteristic of the area during recent decades. By thesc
measures a healthy self-regenerating rhino population should be preserved. Mana-
gement should be continued at least until the consequences of the present develop-
ment in other parts of the Park have been clearly established.
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L. The program of daily activity®

A. Questions and methods of investigation

Some authors have claimed that rhinos belong to those mammals which have an
extremely stereotyped daily program. It has even been suggested that the individual
rhino visits the same localities every day at the same time and thus performs the
activitics of daily routine in a stable sequence.,

In the light of our experience already mentioned in this paper, we cannot agree
with this opinion. The rhinos of the population studied in Tsavo National Park
East are “nomads” and visit water only at intervals of several days, The program
of consecutive days cannot be identical from the point of view cither of the scquence
of activitics, or of the localities visited. This leads to the question whether the life of
the rhinos in this area is governed by a cycle of several days, Is perhaps the watering
cycle a stable program uni, at least during the dry season?

Activity programs are connected with drives or nceds and the stimulating situa-
tions which together govern behaviour. A stereotyped program therefore presup-
poses the regular arousal and quiescence of drives in correlation with an external
situation which, by necessicy, has to be a stable system in its stimulus value,

Obviously all kinds of adaptive reactions to changes in the environmental situa-
tion disturb regular and stereotyped program patterns. It has to be analysed there-
fore to which environmental changes rhinos react, how they react und how often such
reactions occur.

In this context the following cfiorts were made:

1. Eight different rhino-units were observed continuously from morning to evening
and their activities were registered.

2. On 47 days all the rhinos present in the study area were surveyed from morning
to cvening or ar least during the time of major activity - i.e. in the morning until
about 11 2.m. and in the evening from 3 p.m. on - and their activity was registered.

3. On 23 consecutive days in July/August 1964 and 17 in 1966, special attention was
given to recognizing individual thino-units, to noting the time of their appearance,
their activity and the areas in which they stood; 47 different rhino-units (altogether
74 animals) were recognized and seen at intervals, 26 in 1964 and 21 in 1966.

4. Oceasional visits were made to other parts of area I; rhinos were identified if possi-
ble by photographs, and their activities registered.

5. We passed about 20 nights in the open, two of these very close to a main track; we
visited the main watering place several times at the beginning of the night and drove
many times along the Park roads at night. On all these oceasions observations of
nightly activity of rhinos were registered.

? The term nactivity programe is used here to denote the total of activity patterns, and not to state
implicitly that daily activity is determined beforchand, i. e. programmed.
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B. Results

As we have stated above, the thinos of this region visit the water almost exclusively
between late evening and dawn and at intervals of several days. Therefore, certain c‘iays
are characterized by movementtowards, others by movement away fr9m water. Besides
these two types of activity programs, we havealso observed others withoutthecompo-
nent of moving. The following examples illustrate these three categories of programs:

1. Program with movement away from water

Bull, observed 21/7/1965, 2 kms NW from Soho-bcnd‘.
6.30- 8,10 Feeding and slowly moving in N-direction, ] ]
8.10- 8.30 Follows game-track in N-direction (Yatta-Platcau),. wuhout‘fccd‘mg.
8.30-10.05 Leaves track and feeds persistently without moving in a definite direc-
tion.
10.05-10.15 Goes to tree and remains standing in the shadow.
10.15-10.30 Lcaves the tree and defecates at some distance, then walks back to the
tree and remains there standing in the shadow.
10.30-15.55 Lics down and remains lying until 15.55. .
15.55-16.00 Rises, remains standing, takes some steps almost on the spot, then lies
down again.
16.00-17.50 Lies under the tree.
17.50-18.30 Rises, begins to feed and continues until dark.
1.
Qﬁ rhinos we had observed had left the water before dawn. But apparcatly the moment
of the start, speed, resoluteness and duration of moving, and correspondingly the
distance covered, were very different from one casc to another. Obviously it was im-
portant which area the animals intended to reach. Those who made use of feeding
areas near the river had no reason to hurry away from the water. Some followed feed-
ing tracks along the bush girdle on the river banks, where they fed, defecated and
rested. Animals who apparently aimed at more remote arcas, showed very diffe-
rent tactics in moving: some had already started carly in the night, othcr.s only one or
two hours before dawn; some covered up to 6 kms and perhaps more in one steady
march before they slowed down and began to feed and rest; others moved and fed
simultancously or alternately near the river and had their long rest only 2-3 kr'ns away
from the river, and only towards evening movement further away from the river was
taken up again, . ) i
The proportion of active trends and their compromise as revealed in the actual
program is far from uniform.,

2. Program without moving

Bull, observed 10. 7. 1964, 1km N of Sobo-bend.

8.15 Feeds in onc place without moving.

8.40 Fceds on grass.

9.10 Feeds on bush.

9.25 Dozes with head down.

9.30 Head up, changes position for 180°.

9.34 Lies down. ]

" 9.50  Gets up, turns through 90°, lies down again.

11.35  Gets up, feeds a little.
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11.55 Standing under a small tree, head hanging down,

11.58 Head up, cars raised - then lies down in the shadow.
12.30 Gets up, stands for some time, head goes slowly down.
12,42 Again short activation - then lies down.

14.27 Rises, leaves the shadow, feeds.

15.00 Walks into the shadow of the rree.

15.35 Lics down on the same place as before.

16.45 Rises and feeds.

18.00  Still fecding in the same area.

Ad2.

Programs without movement to and from water are not less varied, although the vari-
ations are perhaps less conspicuous. In a majority of cases the time of the greatest
heat — from 11 to 3 - is spent sleeping, and feeding again predominates towards even-
ing. Bur in a considerable number of cases, the animals showed no increased activity
towards evening and just continued to sleep and rest; or in others they were active
during a short period and then again settled down to sleep. In bulls a more or less
circular tour with sniffing and sometimes squirting urine was frequently observed in
the carly evening.

3. Program with moving towards water

Mother and 2/3 grown calf, observed 21/7/1965,
Yatta Plateau eastern part, approx. 5!/, km N of Galana.
7.30- 9.00 Feceding without moving.
9.00-11.15 Fecding and moving slowly in § direction. During this time the mother
urinates twice small quantities. Mother and calf defecate once.

11.55 They go near a tree, remain standing in the shadow.
11.30 They lie down.

13.00-13.15 They rise and remain standing, then lic down again.
14.30 They rise and remain standing for some minutes.
14.40-16.00 Feeding and moving slowly in S direction.

16.30 Walking on game track in direction towards the river.
17.15 Observer leaves the group.

Ad 3.

Again there is considerable variation in programs with movement towards water,
Generally it can be stated, that in the morning and in the carly afternoon, when only
few rhinos move at all, all movement towards water is slow and in most cases com-
bined with feeding. In area A rhinos were observed to move steadily on a main track
in direction of the water only after 3 o’clock. But these trips again showed many
variations: some animals walked steadily 1o the watering place, others suddenly left
a main track, visited a wallow nearby, wallowed and then remained lying there for
from some minutes up to hours. Others again left the main track 1 to 3 kms from the
river, to feed intensely, and were still feeding at dusk.

Finally it may be repeated here that the behaviour at the watering place and the
time spent there vary greatly from one animal to the other.

We have differentiated between three categories of daily programs: those with
movement away from water, those without and those with movement towards water.
But as we have stated (Ecology V. C. 7.) the watering cycle may well last up to 6 days
in some animals and accordingly it consists of more than one day of each category.
We have so far not heen able to follow one thino over a whole cycle, but on the basis
of a large number of single obscrvations we are nevertheless inclined to think that
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the whole watering cycle does not consist of any daily programs other than the ones

outlined above.

In fact a large number of observations suggest that moving away from the river
can be extended over more than one day; and the same applies to the move towards
water. In addition we have obscrved a considerable number of animals which stayed
in the samc arca over two consecutive days, almost certainly without watering in bet-
ween.

All our observations of thinos in the Galana-Yatta Region lead to the conclusion
that activity during the watering cycle of the individual rhino is generally governed
by the following tendencies and drives:
~ the tendency to reach the river to quench thirst;

- the tendency to reach a special temporary feeding arca;

- the tendency to follow special routes in both directions;

- superposed needs of short duration: - to feed, - to wallow, - to fest and to sleep, —
to investigate the special aspects of the environment and - to mark with ritualized
defecation and (mainly in bulls) urination.

It is impossible to analyse in each individual case which factors cause the preference

for special feeding areas or for a special route. The following considerations may be

useful to see the complexity of the problem:

- ‘The individual rhino is introduced into the home range, its feeding areas, its track
system, its watering places and wallows ctc. by its mother, and thereby may acquire
certain habitual prefecences with respect to feeding areas, routes and programs. In
several cases single rhinos and mother-calf-units were repeatedly observed on the
same tracks and in the same feeding and resting arcas on their way to and from
water. '

~ The olfactory impregnation of the living space of the local population may stimu-
late social tendencies and exert a guiding effect on the individual.

— The actual local conditions of the habitat, especially with regard to occurrence and
quality of food, may have similar effects.

"T'his leads to the general question as to the reactions of the rhino to changes in en-
vironment. Most striking arc the reactions to human scent. The disturbance may result
in 2 complete confusion of the daily program. Intraspecific intcractions also affect the
program more or less. In this respect hostile encounters between bulls, and premating
contact merit special mention, Interference by elephants may result in a modification
of the program. In a few cases it was evident that local climatic changes affected the
activity of the rhinos; e.g. on a day during the height of the dry season when some
minor rain showers fell over the Yatta Plateau, the number of rhinos walking rapidly
to water was reduced.

4. Activity at night

Also at night rhinos were observed feeding, moving, and resting. The activity pro
gram of different individuals is as different as it is during the day. During the two
nights passed near a main track approximately 5 kilometers from the watering place
rhinos passed in the direction of water from dusk until 2 in the morning, and others
passed in the opposite direction from midnight until 8 in the morning, Shortly after
midnight a rhino climbed the slope approaching the observers, while feeding intensely.
Its movement was directed away from the river.

The comportment of individual thinos at night near the watering placc also shows

_many variations.
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Summary

“The most conspicuous features of rhino activity in the observation area in the course
of the day can be summarized as follows: rhino activity is most reduced during the
hours of intense heat, i.¢. between 10 in the morning and 3 in the afternoon. Feeding
is most frequently observed in the morning before 10 and in the late afternoon. From
3in the afternoon until dusk, movement of rhinos along main tracks towards water
is most conspicuous. But this is, in reality, a superficial aspect of the daily activity
thythm in a rhino population. Whilc a certain part of the population is active, resting
and sleeping animals are easily overlooked. Careful observation reveals that the acti-
vity programs of consccutive days differ greatly in connection with the watering
cycle. In addition, individual and traditional habits and the influence of external fac-
tors cause further variations.

II. Group formation

A. The mother-child-unit

The only stable social group in the black rhinoceros is the mother-child-unit. It per-
sists when the mother mates again and even during most of the period of the new
pregnaney. Most probably the group is dissolved not long before the next parturition.

On several occasions observed, a mother which had no further calf lived perma-
nently with an adult, but definitely younger animal, or even with two of different ages.
They must have been her offspring of former years, because the group still had some
characteristics of a mother-child-unit. Mother and child form an activity unit. The
transfer of mood and impulse is most pronounced in moments of disturbance, but is
never absent in all activities throughout the day.

B. The association of bull and cow

Associations of bull and cow — or mother with calf - are not stable as also described
by Gobbarp (1966). A bull may “visit” a cow and stay with her from less than an
hour to perhaps a day, when she is not on heat, or for a few days in the case of pre-
mating and mating. Longer lasting association does occur occasionally, perhaps on
the basis of kinship.

Normally it is the bull who brings about the association by carcfully approaching
and following the cow, thus avoiding eliciting her repulse. Transfer of mood may
develop to a certain degree.

In the case of disturbance by man, the bull occasionally defends the cow with a
bluff attack and only then flecs with her, but more often the community of action
then breaks as is illustrated by the following examples.

Obs. Nr. 5: After mating, a bull and a cow with calf were feeding near onc another.
The cow came across our scent track, showed alarm excitement and rushed in the
direction of the bull, the calf joining her immediately. The bull, startled by her
excitement, approached her. After a short moment of facing one another at very
close range, the cow took to flight with the calf, while the bull, after a moment of
hesitation, quietencd down and continued to feed.

Obs. Nr. 6: A bull and a cow were lying close together. When human scent reached
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them, they rose and ran off at full speed in nearly opposite directions. From our
point of observation we could follow the route of cach animal by eyc over approx.
1 km. They did not try to rejoin one another.

Sometimes the mating bond breaks through interference by other rhinos, as in the

following example:

Obs. Nr. 7: On 2/10/66 a mating couple — the cow accompanied by her calf - had
reached the end phase of copulation, when another mother with a calf approached
in apparent curiosity. The bull immediately dismounted the cow and ran off for
about 30 meters. Both mothers and calves remained together and the bull approa-
ched again. Then each mother with her calf moved slowly ina different dircction
while feeding. The bull also started to feed, first following one cow, then the other
and finally moving independantly in a direction of his own.

C. Other temporary associations

Associations between two mother-child-units have been observed in several cases,
but they appeared fortuituous and never lasted for more than a few hours. In Am-
boseli Game Reserve where nomadism is less pronounced and excursion ranges do not
overlap as much, association of the same individuals was observed repeatedly. One
of these temporary associations consisted of a heavy bull, two adult cows, which
were always found together, most probably mother and adult daughter, and a third,
hardly full grown cow. These four animals were acquainted with each other and,
during the time of association, moved, fed, and slept together as an activity unit.

In Ngorongoro Crater where nomadism is also not very conspicuous (H. &
U. KLingEL, 1966), comparatively long-lasting associations between several rhinos
have also been observed.

D. Association between bulls

In Tsavo National Park East we came, in two cases, upon a close association of two
bulls. They walked and fed and, in one case, also fled together as an activity unit.
However, as one observation was made from helicopter on the Yatea Plateau, and
the other from Landrover on a trip to Voi, we have no further information concern-
ing the nature and persistence of these associations.

Finally, it may be mentioned as a matter of interest, that two tame male rhinos,
one born in 1960, the other in 1964, live together at Voi Headquarters. Both pass the
night in a stable, but are led into the bush every day, together with some immature
tame clephants and buffalos. Both rhinos have adopted child r6le towards man and
tend to keep together as a social unit in resting, feeding, and moving. As these rhinos
are not alarmed by human scent, we do not know how they would react in the case
of serious alarm,

II1I. Non-rigualized behaviour patterns of daily activity

In this chapter a short description is given of daily and frequently observed behaviour
patterns, which are not ritualized, i. . not especially shaped as social signals. This does
‘not mean that they have no such function. On the contrary, they are eflective signals
in the casc of transfer of mood and impulse.
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A. Feeding

The normal food items of the black rhino are - as pointed out in Ecology LB, 1. -
small trees, bushes, shrubs, some very low, creeping plants and even occasionally
grasses. The feeding technique has to be adapted to the respective type of food plant.

Generally some twigs or stems are scized with the upper lip, pulled and bent, then
cut off with the premolars and finally chewed from proximal to distal. Each chewing
movement produces a grinding noise which can be heard at a distance of 30 10 40
meters. These chewing movements follow one another in intervals of approx. 1 second.
As mentioned (Ecology 1.C. 1.), the twigs of a few plants, as e.g. Bawbinia taitensis,
are too tough to be simply cut off. Curtting is then combined with a twisting and pull-
ing movement of the head. In one case, a female was ohserved ro bend a slender tree
down with her first horn by rotating her head and then to feed on the twigs of the
small treetop.

B. Drinking

When a rhino has reached the edge of water, it normally remains motionless for seve-
ral scconds. Then it either drinks from the edge or it steps into the water. Sometimes
the lower part of the belly is submerged in the water; in most cases where the animals
were sexed, these latter ones were males.

A thino drinks continuously for 30 sec. 1o 1 min. 45 scc., then lifts the head for
about 10 to 20 sec., the ears upright, surveying the surroundings acoustically. A second
phase of drinking follows,and often a third after a short interval. The total time spent
by the individual rhino in drinking was on the average 4 to 5 min. with 2 to 3 short
interruptions, it undisturbed.

After drinking the rhino leaves the water immediately, but often stops again at a
short distance and remains standing motionless.

C. Salt licking

In Amboscli and in Tsavo East where we have observed rhinos systematically, salt
does not scem to be in short supply. In both regions Swaeda monoica grows near the
water and is often browsed by rhinos. This species indicates a comparatively high
salt content of the soil, and has 2 high salt content itsclf.

In Amboseli we observed a rhino bull licking at the same spot for several minures.
The animal had first removed a thin layer of dricd mud with lip and tongue. Then it
licked the spot with regular strokes of the tongue, lifted the head, and continued the
tongue movements with reduced amplitude. After this, the whole sequence of soil
licking and simulated licking was repeated. Eventually, afrer about 10 min. the bull
walked away and started feeding.

In our observation areas in Tsavo and in Amboscli we have not seen special salt
licks in use and dug out by generations of rhinos as Rrrchie (1963) and SpiNAGE
(1960) have reported from the Aberdares.

D. Resting and sleeping

‘The roles of resting and sleeping in the daily program have already been outlined
(I.B.). In most cases chinos lic down to rest and sleep. But, also, dozing while stand-
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ing with lowered head for some minutes and up to an hour was often observed, espe-
cially in old bulls or in onc member of a mother-child-unit. Mothers often remain
dozing near their slecping baby or calf. But sometimes a mother is lying, while the
calf, after having riscn and ventured into the vicinity, turns back to its mother and
remains there “waiting” and soon dozes next to her.

Behaviour connected with resting and sleeping on dry wallows, other slecping
places, and in ponds or puddles is somewhat different.

1. Dry wallows

When visiting a wallow the animal walks purposefully towards it, sniffs the soil, and
turns on the spot with short, dragging steps. Then it lies down, first settling with its
hindquarters  on  one
thigh, then going down
with the anterior part of
the body, and wallows on
one sideof the body. After
lying in normal position
for some time —from part
of a minute to scveral
minutes ~ the rhino gets
up on its feet, turns on
the spot, lics down, and
wallows on the other side o .-
of the body. Then it re-
mains lying, sometimes
for a few minutes completely stretched out on onc side, but normally wich the
hindquarters resting upon one thigh, the anterior part of the body slightly to the
same side, the head on its ventral surface (Fig. 15). In this position the rhino may rest
and sleep for hours, even when exposed to burning sunshine.

Figure 15. Young cow lying on a wallow.

2. Other slecping places

When a rhino becomes drowsy in a feeding area with no wallow nearby, it begins to
doze while standing, the head hanging down. From time to time it lifts the head, per-
haps feeds again at low intensity, and then again begins to doze. It may then sniff the
soil while taking smzll steps and suddenly lift the head, erect the cars examining the
surroundings, then lie down in the opern. In hot sunshine rhinos often go to a tree or
bush and remain at first standing in the shadow. In this case also, the phase of reacti-
vation with lifting of the head and erecting the cars precedes lying down. As at the
wallow, the rhino often rises after having lain for some time, feeds perhaps once
more, hegins to doze again, and after the short phase of reactivation lies down on the
other side of the body for a long rest and sleep.

3. Ponds or puddlies

In Tsavo National Pack East, and especially on the Yarta Plateau there are many small
ponds or puddies during the wet season, which dry out regularly during the dry sea-
son. In these ponds rhinos often lie for hours (oral communication by D }SHELDRICK).
In the course of this study we have seen only three animals sleeping in such a bath;

‘in one case a bull and a cow, in another case a bull alonc. In both cases we had no

opportunity of observing the procedure of entering the puddie and lying down.
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While lying and dozing or sleeping, most rhinos still move the ears in an automatic
detection technique: more or less independently, cach ear rotates slowly sideways,
then with a quick “jump” forwards and again slowly sideways. As soon as a sound
or noise is perceived, the ear readjusts in its direction. If the rhino is mildly alarmed
by the noise or by tickbitds, it lifts the head; but in most cases of alarm the animal
rises at once, with both ears facing in the direction of the alarming noise, - ot in the
case of alarm by tickbirds - facing in the direction with the wind and focusing in
different dircctions with ears crect.

While lying the rhino also moves its tail in a typical “clumsy” wagging movement.
When on a wallow, it throws small clouds of dusty soil over its rump and side with
its tail. In some cases a rhino, lying on a wallow, suddenly made a loud sncezing-
snorting noisc. Most probably dust had entered the animal’s nostrils and had clicited
sneezing.

E. Mud- and dust-wallowing

Mud- and dust-wallowing are not always a preparatory phase to resting and sleeping.
Often a rhino goes to 2 wallow only to wallow, and immediately or soon afterwards
leaves again. Circling on the spot, which regularly precedes dust-wallowing, was not
observed as preparation for mud-wallowing.

Wallowing itself consists of one to three rotation impulses by which the animal
rolls on onc side until all four legs are well off the ground, those of the upper side
almost vertically. We never saw a rhino rolling over its back on to the other side. After
having reached a maximum elevation of the legs, these fall back again. In most cases,
after wallowing on one side, the rhino rises and then wallows the other side.

F. Head- and horn-rubbing

In zoological gardens the black — and also other — rhinos rub their horns frequently
on walls, doors, concrete poles cte. In many cases this activity appears stercotyped,
occurring as an outlet of a drive or urge which in a normal cnvironmental situation
would lead to some kind of appetitive behaviour.

Stereotyped horn-rubbing results in a shortened horn or, better, in a special type
of abrasion of the permanently growing horn. In most cases the horns then attain a
more or less polygonal shape in transsection.

During all our observations we have scen only one rhino with pronounced marks
caused by rubbing of the horns. It was the very old and week cow with completely
worn molars, shot on 13th Oct. 1966.

Most of the horns had a smooth surface all around the distal part, a more or less
circular shape in transsection and were nicely pointed.

The great varicty in the shape of horns is not due to different kinds of abrasion.
Only in very few cases was the use of force involved in shaping the horn: in broken
hotns, in horn stumps and in longitudinally split horns. Further we have never
observed any horn-rubbing which might have resulted in a sharpening effect.

Rubbing of the head was observed more frequently; particularly in two situations
rhinos were seen to rub the sides of their head and snout and the base of the first horn,
on trunks or stumps of trees:

1. At the main watering place bulls were scen to sniff carefully at stumps and then to
rub (their head etc.) with repeated up and down movements of small amplitude.

It seems that this activity also has a function of scent-marking.

2. A mother with a half-grown calf which we followed, stopped in a small clump of
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trees, While the calf lay down and suckled, the mother stood first motionless, then
rubbed her head ctc. on the trunk just in front of her. In this casc the activity appe-
ared very similar to horn-rubbing in the zoo: the cow had to wait, and the trunk
near her just offcred the opportunity for activity.

G. Tail and ear movements without signal function

When walking and feeding, the rhino normally moves the tail sideways up over one
side of the rump, then back again and up on the other side. This movement is quite
peculiar, “stiff” or clumsy. In most other ungulates an energetic impulse moves the
til like a whip over one side of the rump; then it falls back like a pendulum and just
before it reaches the lowest position a new impulse throws it on to the other side. In
the rhino there is no sudden initial impulse. The tail is moved upwards by a continu-
ous contraction of lateral muscles and “kept” for a short time in its terminal position.
Then it does not fall back with obvious acceleration, but with a somewhat controlled
spead, which leads to a stop when the tail has reached the normal vertical position.

We do not know whether this tail movement occurs only as a reaction to flics, or
sometimes also as a stereotyped internally released motor pattern. The tail is certainly

.only cfective against flies in a very restricted area around the rump.

Rhinos also flap with the cars; this occurs most frequently when the rhino is lying.
Flapping is distinctly dificrent from the normal rotation by which the rhino surveys
its surroundings acoustically. Most probably flapping is a reaction to flies: it lacks
the regular periodicity of the rotation. .

Ear-flapping also occurs when the rhino is on the alert and listens with erect and
focusing cars. In some cases it seemed that the rhino was chasing flies in order to be
able to listen undisturbedly; in others the rhino chased rickbirds sitting on its head
and chirrupping, with head-shaking and ear-flapping.

IV. Reactions to other large animal species and to man

In outlining the ecology of the rhino we have already mentioned those animal species
which cause reactions on the part of the rhino and have some ecological importance
for the species. The basic reactions of the rhino to man have also been outlined. In
thi; :]haptcr the special behaviour patterns involved in these reactions will be des-
cribed.

A, Reactions to large mammals and to the ostrich

We have observed seven main types of reaction with variations among them.

1. Loose association with large ungulates

This reaction does not consist of special behaviour patterns. On quite a number
of occasions rhinos - single or in twos - were seen in association with a buffalo herd.
While the buflalos were grazing, the rhinos were browsing. In case of disturbance
the buffalos closed up, while the rhinos took to flight on their own. Association
with zebra and oryx was also observed on scveral occasions, bur appeared less

fiarmonious and stable. Presumably the feeding- and moving-style of these ungulates

differs more from that of the rhino than does the style of the buffalos.
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2. Alertness-curiosity-reaction

When coming near to another animal, the thino often reacts with alertness and curio-
sity. With the head slightly liftcd, the ears upright and focused on the other animal,
the rhino remains motionless or takes some steps forward.

3. Imposing posture

If the other animal continues to approach, the rhino may lift its head even higher and
stand or advance in this posture (Fig. 16). ‘This reaction was most pronounced in the
case of subadult lions stalking a male rhino in a playful manner (sce Ecology I A. 1.).

4. Holding the ground

“This is the normal reaction of a rhino lying on a wallow or on a sleeping place when

disturbed by clephants. The reaction shows variations in intensity.

When clephants approach the rhino, it rises and remains motionless with lowered
head. If the elephants do not pass by, but remain or even continue to approach, either
one of the following two
reactions may be obser-
ved. The rhino takes onc
or two steps forward, or
onc or two steps back-
wards and then moves
forward again. In one
case, the rhino took the
step forward with its
head nearly as high as
in alertness, but in other
casesthe head was slightly
lowered. The steps for-

Figure 16, Bull in impusing posture, ward may be accompanied
by snorting.

Usually, the clephants eventually leave the rhino. In the following scene the two
rhinos involved did not succeed in holding their ground, but the elephant chased
them away.

Obs. Nr. 8: Two female thinos, well known to us, most probably mother and daugh-
ter, were walking along Simek River swamp in Amboscli Game Reserve. They
went to a place with shallow water, overgrown with marsh-grass, wallowed there
and lay down, whilc a bull elephant was feeding on the grass within some 30 metcrs.
‘The elephant approached slowly while feeding. When he was within 10 mtrs., the
rhinos rose. The mother faced him, the daughter stood behind her, facing slighdy
to the left. Now the elephant also stood motionless for some 10 seconds. But when
the mother took two steps forwards, the elephant advanced quickly one large step,
lifring his head encrgetically, and swung his trunk forward into a horizontal posi-
tion. Both rhinos immediately took to flight and trotted away to a distance of about
60 meters.

5. Aggressive rush

This reaction of the rhino reveals its intention of chasing another animal away. We
have observed it in two types of situation, and a third one has been reported.
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a. When a rhino has been alarmed by tickbirds, and simultancously a zebra, antelope
or warthog suddenly moves ncarby, the rhino may chase this animal over a short
distance, before trying to locate the human disturber. The same reaction was ob-
served when the first alarm was given by those ungulates. The rhino was also
startled, and chased a zcbra or antelope passing nearby, then tried to locate us.
This reaction might be classified as “redirected defensive aggression™. In the
sudden excitement of the alarm situation the rhino simply atwacks whatever is
moving nearby. It may be mentioned here that zebra and especially oryx often react
in a special way upon man when a not yet alarmed rhino is near: they tend to move
in such a way that the rhino is between them and the human disturber, and then
wait and watch the situation.

b. In a number of cases rhino bulls rushed at a waterbuck, an impala or a zebra which

was simply in their way. The motivation of these attacks is difficult to interpret.

They did not scem to be play acrivity. The rhino appeared to be disturbed or irri-

tated by the other animal nearby, and therefore reacted with aggression.

It has been reported by several observers that in defending a waterhole - especially

in the casc of scarcity of watering places - or at a saltlick, rhinos sometimes rush

at clephants or buffalos with an agressive pufl or snort, in order to chase them off.

In our study area we had no opportunity of observing interspecific competition

of this kind.

<

6. Dodging with easy canter

Rhinos sometimes avoid conflict with clephants by trotting leisurely out of their

immediate reach. The following observation may. illustrate this type of reaction:

Obs. Nr. 9: A rhino bull in following a main track to the water overtook a slowly
moving family-unit of elephants by changing to a parallel secondary track. Some
subadult elephants turned in his direction, spread their ears and walked towards
him in a playful attack. The rhino quickened its gait to an casy canter, while two
of the clephants indulged in playful pursuit, but only for a few seconds. As soon
as the rhino had passed the elephant group, it slowed down to the previous steady
pace and changed back to the main track.

7. Flight

On two occasions rhinos were scen to take to flight in the course of an encounter with

another animal:

~ A bull approached a group of ostriches, most probably expecting to meet another
rhino. When he was close enough he suddenly ran of], first in a gallop with his tail
up, then with a speedy trot (sec Ecology III. C. 2.).

~ Two female rhinos ran off when a bull elephant advanced with his cars spread and
his trunk swinging forward, as described in Obs. Nr. 8.

In a few other cases a small calf venturing around its mother was frightened by an

antelope and ran back to its mother. Flight released by another large animal resembles

flight caused by man, when human scent is not involved. Flight as a reaction to human

scent is usually of higher intensity.

B. Reactions to man
The most striking feature of these reactions is their enormous variability and apparent

nonpredictability. But in trying to analyse them we will find that some main factors
which shape them can be recognized.
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One of these factors is local tradition. In different local rhino populations, the
disposition to react to stimulation by man is very different. Most probably these local
traditions are transferred from mother to child.

There is no doubt that individual experiences with man also basically influ-
ence the type of reactivity in the presence of man. Rhinos which have been wounded
are said to be more inclined to attack man than others,

Fully adult bulls usually appear more self-confident than subadults or cows.
Mothers with calves show a strong tendency to take to flight. The type of stimulus
by man is also very important for the type of reaction in rhino. But, admittedly, the
many encounters we had with rhinos show many special characteristics, not all of
which we are able to analyse.

In a very general way, all the reactions reveal that a rather small number of tenden-
cies are involved in varying proportions:

~ a tendency to investigate = “curiosity”
- a tendency to avoid man or to flee = “fear™

- an aggressive tendency = “anger”

- a tendency to limit the effort = “inertia”

In the following description of reactions to man we refec mainly to our own observa-
tions in the Galana-Yatta Region of ‘Tsavo National Park East and only in a few cases
to experiencies which we had with rhinos in other regions (Amboscli, Manyara,
Ngorongoro, Mara, Nairobi).

We differentiate between encounters with man on foot, in a car, in a low flying
aircraft; in addition, in accordance to the type of initial stimulus by man which
elicited the first reaction of the rhino:

— olfactory stimulation

tickbird alarm

- acoustical stimulation

- stimulation by the sight of man.

In many encounters it was clearly onc of these stimulus categories which caused the
first response by the rhino, but often in the course of the encounter different stimuli
became eftective, and the reaction of the rhino was an integrated response to the com-
plex situation. In some cases, however, it was evident that the reaction to one stimulus
blocked the response to other stimuli also present in the situation,

1. Reactions to man on foot

a. Human scent as initial stimulus

Human scent elicits reactions in the rhino if carried by air or if adhering to human
footprints, thus forming a scent track. Rhinos react differently to scent tracks of diffe-
rent age, and when they receive human scent in the air, the distance between man and
rhino and properties of air movement are important factors. If alarm of a low degree
is elicited by human scent in the air, the rhino remains on the spot, the tail slightly
raised. When the wind is unsteady in its direction, the up and down movement of the
tail is an indicator of changing excitement in the rhino. The nosttils are wide open,
and while the rhino carcfully checks the air, the upper lip has an extremely wrinkled
appearance (Fig. 17), and sometimes almost adopts a shape as in “Flehmen™ - only
head and nose are not lifted correspondingly.

¢ “Fichmen™ (ScuNEIDER 1930) in the rhino: the animal lifts its head, the nosc pointed upwards, it
stretches the upper lip forwards-upwards, so that the downward bend of the tip disappears comple-
tely and the shape of the nostrils is changed. “‘Flehmen" is widespread among ungulates, but occurs
in the lion and the tiger as well. Its function is chemoreceptory testing.
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Sometimes - especially if the wind
changes constantly and only traces of
human scent reach the rhino from time
to time — it may face against the wind
with cars erect. It will often remain in
this position in the cover of bush ve-
getation, on the alert over a consider-
able period of time.

A human scent track produced one
to three hours before the rhino comes
upon it, will also elicit alarm of low
intensity. The rhino may sniff the soil,
then lift the head with ears ercet while
the tail is also lifted. Over a short
period e.g. some scconds, the appre-
hensive tension in the animal may go
up and down, as shown by the style
of walking, the degrec of alertness, and
the position of the tail. Then, after it
has crossed the track, the thino usually
soon quictens down.

Inalarm situation of a higher
degree induced by human scent
inthe air, the rhino will take to flight.

Figure 17. Cow, taking scent. In the Galana-Yatta Region the wind

often blows steadily from the south

during the dry season. Under these circumstances, rhinos downwind of man reacted
with flight at a distance of 8¢0mtrs. to 1 km. The first phasc of flight is usually a powerful
gallop over a distance of 30 to 150 mtrs.; then the animal changes to a speedy trot.
During the whole of the flight the tail is held vertically at its basc and often curved for-
wards at its distal part (Fig. 18), If man is very near to the rhino when it reccives his
scent, the chance is greater that the rhino will not fiee over a long distance. On the
other hand, when the rhino catches the scent of a man several hundred meters away,
it will not stop its flight soon. ‘This is most probably because in the first situation the
thino has a greater chance of getting out of the range of human scent, while in the
second ease the “infestation” of the air around the rhino isless localized. A very short
flight caused by scent in the air may extend over 150 to 200 murs., a long one over more
than 1 km. Once a flight

of over 3 kms was obser-

ved. The angle berween

the direction of the flight

and thatof the wind differs

from case to case, and is

by no means a stable cha-

racteristic of the flight. It

secems rather that the

D flecingrhino goes towards

an area where, by expe-

rience, it can expect to

remain undisturbed. This

is often the area from

Figure 18, Tail up in flight; diffcrent postures. which the rhino has just
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Figure 19. Fan posture of threc rhinos when stopping in alarm cxcitement.

come. Rhinos which were disturbed near adriving track fied away from the track. When
reached by human scent in a comparatively open flat on the foot of the Yatta Plateau,
they often fled up the slopes and on to the Platcau. Very often the flight was through
comparatively dense bush. After a flight of 150 to 300 mtrs. a rhino often stops in
bush cover, turns around to the left and to the right, with its head lifted and ears erect
in order to check the situation with cars and nose, facing with the wind. When two
to four rhinos have fled together they adopt fan position after stopping (Fig. 19). If
aftera short fight the stop is definitive, the posture of watch fulness may be maintained
over some few to 10 or more minutes. Usually after a stop of some seconds, flight is con-
dinued. In a number of instances a short stop was combined withdefecation. The dung
was dropped without making use ofa “lavatory” and scraping was absent or was very
short and hasty. Mother and calf, or bull and cow occasionally defecated simultan-
cously. After defecation the animals continued on their way with reduced speed and
soon calmed down. Evidently defecation took place at the moment of a marked
decrease of fear or flight excitement.

In the course of a long flight, the rhino sometimes changes from trotting to walk-
ing, especially while climbing 2 slope, but later trotting may be resumed. When the
flight comes to an end, which normally happens in bush cover, the thino will again
face in the direction of the wind, head up, ears erect; if there is more than one indivi-
dual, they will adopt fan position. Where bush vegetation reaches only to the rhine’s
withers, it will lift its head to this level and sometimes turn it to the left and to the
right at irregular intervals. This head-swivelling was more frequently observed in
Amboseli than in the Galana-Yatta Region. After intensc and long flight, thinos may
stand in bush, still on the alert, for half an hour and even more.

Alarm of higher degree caused by a fresh human scent track also
releases flight. Normally flight is preceeded by the following scquence of reactions:
sniffing - lifting the tail - uttering a short puffing snort once or twice, and simultane-
ously rushing forward with lowered head (Fig. 20) for 5 to 10 mus. The x:ush,
which may be called a blind defensive aggression, is usually followed by flight.
Sometimes, however, the rhino stops, sniffs the soil again while making some
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“nervous” steps, performs another rush with or without puffing, and cventually
takes to flight.
Generally flight caused by fresh

human scent tracks shows the same G

features as flight caused by human

scent in the air. Both stimuli may act (< -~

together, especilly if at the moment N

of alarm, man is still near. In this

situation yet another sequence of alarm

behaviour has been observed: when

perceiving human scent, the rhino first

produces the short snorts with or pymA
without a short rush, then stands in (L1 tude

lmpoimg posture and'uttets a “long Figure 20. After sniffing a fresh human track, a bull
snort” which sounds like a prolonged [ ghes forward, snorting and with his head lowered,
German “rreeer. . " produced with g “blind defensive aggression”; then he takes to
the tip of the tongue combined with flighe.
hissing expiration.

In the study area all categories of rhinos take to flight when reached by human
scent not combined with acoustical or optical stimulation. In the case of combined
stimulation there is much greater variation and nonpredictability of response.

b. Alarm chirrup of oxpeckers as initial stimulus

The reactions of rhinos to the screeching of oxpeckers also show many variations,
not only with regard to intensity, bur also to quality. The components of fear (or
a tendency 1o flee), aggressiveness (tendency w defeusive or aggressive attack), and
inertia appear in different proportions. The tendency to investigate is often very pro-
nounced, sometimes in the sense of inquisitive attention, sometimes of exploratory
activity.

One cause of the variability in the response of the rhino lics in differing types of
alarm behaviour of the birds. Occasionally they fly off immediately after chirping,
thus causing alarm in the rhino during one moment only. In other cases they screech,
climb on top of the rhino’s head and back, remain in alarm posture and screech again
and again without flying off.

Obviously fear is predominan, if alarm by the oxpeckers makes a lying rhino
rise and take to flight immediately. Inertia prevails over fear in the following cases:
Obs. Nr. 10: A mother with calf sleep on a wallow. When we approach them care-

fully downwind, somc oxpeckers chirp and immediately fiy off. The rhinos move

their cars morc intensely for some seconds, but do not show any further reaction.
Obs. Nr. 11: In another similar case, two rhinos lifted their heads, erected their ears
and opencd their eyes, but after two minutes they dozed again and soon fell asleep.
Obs. Nr. 12: A subadult female was lying bencath a thornbush when we approached.
When the oxpeckers screeched, she rose and stepped out of cover, lifted head and
tail and erected her ears in attention. As we continued to approach carefully, the
birds flew off. The rhino remained motionless on the alert, but as we caused no
further disturbancs, she soon relaxed and became increasingly drowsy. Suddenly
she lifted head and cars once more; but it was the normal phase of reactivation be-
fore lying down. She turned on the spot, sniffed the soil, took a few steps and lay
down again.
In similar reaction sequences mother-child-units always form the “fan” in the phase
of full attention.
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Obviously in these scenes the reaction is not characterised by an arousal of fear and
flight. The first phase of the response is alertness or - even better - inquisitive atten-
tion. It is a preliminary reaction and leads, in the cases described, to a final response:
to relaxing completely and resting or sieeping. Not all responses to the screeching of
tickbirds form a sequence of the two components, inquisitiveness and final response.
The following examples show a more complicated structure:

Obs. Nr. 13: We approached a single subadult bull who was walking slowly through
scattered bush and feeding with low intensity, Upon the screeching of “his™ ox-
peckers he turned around, fully on the alert. In a seemingly hesitant way he turned
and trotted off around the next group of bushes. There he stopped, turned again,
and stepped forward until his head, breast, and forelegs were no longer hidden be-
hind the bush, and again stood fully attentive. After several seconds he again
turned and trotted off for a short distance; but as we did not follow him, he soon
relaxed and continued his walk.

Obs. Nr 14: A mother with calf following a game track came in our direction. We
climbed a teemite hill and remained on its top in crouched position in order to take
some photos. When the rhinos were about 35 mtrs. away, the tickbirds screeched.
Mother and calf lifted their tails immediately and advanced with cars turned in our
dircction. When the oxpeckers chirped again, the rhinos changed their direction
somewhat to the right. As the birds were now silent, the rhinos lowered their
tails but were still on the alert, and the oxpeckers sat on their backs inalarm posture.
The track which the animals followed now ran about 20 mtrs. from the termite hill.
While the rhinos advanced, the birds screeched once more and immediately tails
and heads of the rhinos went up and their ears focused in different directions. When
they had gone by, the birds quietened down and the rhinos who had not been
reached by our scent during the whole encounter, continued to move, but now in
a relaxed manner.

Obs. Nr. 15: We approached a mother standing in the shade of a trec with a small
calf lying near her. After the screeching of the oxpeckers, the cow lowered her head
and performed a single symbolized stab with the horn (= symbolized horning).
After that she remained on the spot at full attention, head and cars upright. Then
she repeated the symbolized horning. As we left, she followed our movement with
her ears and became more and more relaxed.

Obs. Nr. 16: In a small valley with scanty bush vegetation we approached a bull who
fed on the opposite slope. When we were at about 60 mtrs, from him, the tickbirds
chirped. The bull became considerably excited, he listened in our direction with
head and tail up, then showed symbolized horning, trotted off for 15 mitrs., stopped,
turned around, and listened again in our dircction. As we approached carefully, the
oxpeckers screeched again and the bull shook his head, flapped his cars, and stamped
with his hindlegs, obviously with the intention of getting rid of the noisy birds.
Then he trotted off for some 20 meters. Partially hidden in low growing shrubs,
he turned around, listened, then scraped vigorously, defecated and scraped once
more with equal intensity, Eventually he trotted off in a peculiar manner: he did
not follow exactly the direction away from the disturber, but deviated to the right
over a short distance and then to the left alternately, and emphasized each deviation
by turning his head to the respective side (Fig. 21). The same flight pattern was
observed in eland. Presumably it has to be interpreted as a technique by which the
animal can detect whether or not it is pursued.

Obs. Nr. 17: We approached a bull downwind. He was loosely associated with 2
small cow who was feeding intensely some 30 mtrs. away. When we were about
40 mtrs. away, the bull was alarmed by his tickbirds. He scrutinized, performed
symbolized horning, scrutinized again, then stepped forward, stopped, repeated
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the symbolized horning and was again fully attentive. Twice more he advanced
and repeated the symbolized horning, but as we kept extremely silent, his ension
eventually decreased. ‘
Responses of this character are usually explained by conflicting tendencies, but this
interpretation risks overlooking their important “instrumental” properties. One of
these properties which we have discussed already is inquisitive attention as a prelimi-
nary or prepatatory reac- .

tion. Obviously the phase ’/ Flight

of inquisitiveness  does

not always lead to a final d

action, but in many cases ° —

to hehaviour sequences g0,

containing initial move-  of disturbance Y

ments of final actions Positian

which themselves alter- of the head
nate with renewed inqui-
sitive attention. These
movements may be interpreted as intention movements (Intentionshewegungen),

In the above mentioned observations the sequences appear as:

Obs. Nt. 13: - inquisitivencss - flight intention movements - inquisitiveness - flight
intention movements ~ quiescence i
Obs. Nr. 14: - inquisitiveness - quicscence - inquisitiveness - change in direction

- inquisitiveness — quicscence (moving)

Obs_,.. Nr. 15: — inquisitiveness — attack intention movements (weak threat) - inqui-
sitiveness ~ weak threat — inquisitiveness '

Obs. Nr. 16: - inquisitiveness ~ weak threat - flight intention movements — inquisi-
tiveness — Hight intention movements - “excited” defecation ~ flight

Obs. Nr. 17: - inquisitiveness — weak threat - inquisitiveness - threat of higher in-
tensity - inquisitiveness — threat of higher intensity - inquisitiveness — threat of
higher intensity ~ inquisitiveness — quiescence

What we called intention movements of final acts arc actively exploratory or path-
finding components of the response sequence. During this phasc the thino is no lon-
ger the receptor only, as in the first phasc of inquisitive attention, but an exploring
actor, The response as a whole is far from being an automatic, reflex-like, behaviourial
unit. It is rather the active “fecling out™ of the situation which prepares the possible
final situation or act, quiescence, flight, or attack. The entire reaction could generally
be outlined as follows:

Inquisitive phase — phase of exploratory tactics with intention movements of final
acts and inquisitiveness in alternation - final act or quiescence.

In some cases however, rhinos responded immediately with a final act upon the
alarm call of the oxpeckers, namely with flight. In all these cases the rhinos had been
lying; they were taken unaware. In a situation of real danger from man, e.g. from
hunters with poisoned arrows, immediate flight may have survival value indeed. The
following observation shows such immediate flight:

Obs. Nr. 18: A rhino cow lying in low growing shrub was alarmed by oxpeckers
when the observer was about 30 mtrs. away. She rose and happened to run in full
speed in his direction. He moved sideways hoping to be able to get out of the way.
The rhino saw him move at a distance of 12 to 15 mtrs., changed direction and ran
off. Here flight obviously had a quality of adaptation to the actual situation.

Figure 21. Flight pattern with changing dircction.

“So far we have not described any encounter in which tickbird alarm provoked a real
attack by the rhino.
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Gestures of threat will hardly ever lead to an attack without an appropriate optical
stimulus to guide it. Even if the threatening rhino can sec a man, it might still perform
a bluff attack only, that is rush at him, stop suddenly, and rurn off.

Obs. Nr. 19: In one case, however, one of the authors approached a rhino bull on an
open flat slope. When at a distance of 40 to 50 murs., the bull was alarmed by
oxpeckers and could obviously see the disturber as a moving silhouette against the
evening sky. He charged at full speed. The author ran towards him shouting,
hoping that the rhino would be frightened. But this did not happen. So he avoided
the bull by swerving, passed him, and made for a small tree 20 to 30 mers. further
away. The rhino turned immediately and despite the fact that human scent had
now reached him, chased the author. After a chase which led several times around
the small trec whose main branch with its top had been broken down by clephants,
the author finally tried to climb into the branches. But he was reached and thrown
up by the rhino. He fell down first on the thino’s shoulders, then onto the ground
and hid under the broken down and dead trectop. But the rhino pushed away this
part of the tree which was still attached to the living main trunk. The author,
lacking any protection, remained lying on one side with one leg lifted, intending if
necessary to push himself off the rhino’s nose. The rhino indeed approached until
his nose touched the author’s foot, then made another small step forward while
the author gave way by flexing the leg. Then, suddenly, the bull lifted head and
tail and trotted off in the zigzag flight described above (Obs. Nr. 16). Obviously,
when oprical stimulation by the running human figure ceased, the olfactory
stimulation became effective and caused flight in the way traditional to the rhinos
in the Galana-Yatta Region.

. Reactions of rhinos stimulated acoustically by man

As has been pointed out (Ecology II. A. 2.) rhinos have an acutc sensc of hearing.

When man approaches a thino carcfully, car movements often reveal that it hears the

observer from appr. 40 to 60 metcrs. But in most such cases, their reactions do not

indicate that they are immediately seriously alarmed. As with alarm by oxpeckers,
there is great variation in these reactions. Sex, age and association are important; the
locality of the encounter and the type of noisc made by man contribute to deter-
mine the reactions, and undoubtedly local and “family” tradition, individual expe-
rience, and the actual mood of the rhino ate also involved. As long as man produces
noise in walking at a distance of 60 mtrs. and more, the rhino’s reaction varies between
occasional listening and more intense acoustical surveying. If the observer now goes
further away, the rhino will follow with the cars, but will then soon lose interest.

But when the disturbance comes closer, the rhino will rise and focus its cars upon

the source of noise. Investigation may be more pronounced in such sitvations than

in the casc of alarm by tickbirds, while the component of fear or suspicion is less
prominent.
The following observations show clearly these components of the response:

Obs. Nr. 20: We approached a mother when she was suckling her nearly half grown
calf lying bencath her. When the calf bad finished suckling, the mother started to
move, and the calf quickly rose and followed her. We filmed this scene at a distance
of approx. 30 to 40 mtrs. The cow obviously heard the noisc of the camera, faced
in our direction with her ears focused on us, and came walking towards us without
any sign of fear or threat. We disappeared behind the nearest thornbush, and as the
rhinos still advanced, went further back, one of us to the right, and the other to the
left, in order to find cover behind some small bushes. The two rhinos still advanced,
the mother leading with cars focused now to the left, then to the right. She crossed
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our footprints, but did not take any notice of the scent. First she turned 1o the left,
then to the right. When she was within 5 mtrs. of onc of us, this one ran away and
the other shouted; at this moment the mother seemed to sniff the air and was now
fully alarmed. Within a second, mother and calf ran off first at full gallop, then at

a trot.

Obs. Nr. 21: While standing in the forks of a tree the top of which had been broken
of, we observed a mother with baby. The animals had been moving slowly in our
direction, the mother feeding here and therc on the way. When 15 mtrs. from our
observation tree, mother and baby lay on a wallow and the baby licked the rain
water which ran down its mother’s flanks. Remaining motionless became increa-
singly painful and we had to change our positions from time to time. Each time
the mother lifted head and ears, but did not seem to have any intentions of leaving.
As after a time we had to leave anyway, and there was no hope of getting down
from the tree without disturbing the rhinos seriously, we decided to disturb them
while we were still in the tree. When we shouted she rose together with the baby
and came slowly in our dircction, We shouted again and she continued to ad-
vance. When at a distance of 6 mtrs., she seemed to discover our position in the
tree and moved somewhat sideways around it. We finally shouted at her as loud as
we could, which resulted in her turning off, tail lifted. At this moment three
warthogs ran by at some 20 meters. This stimulated the cow to rush in their
direction in a short bluff attack, the baby behind her. But then she was reached
by our scent and she and her baby really took to flight.

In both cases the tension of suspicion which characterizes inquisitive attention and
exploratory activity in the case of tickbird alarm, was not present during the first
phases of the reactions described. Especially in the first example our impression was
that the mother (who with her calf were the only rhinos in the area) was interested in
meeting another rhino. In the second case, a notc of uncasiness became more and
morte apparent in the rcactions of the mother.

The following observation may show that, when taken unawares by sudden noise
from very ncar, thinos may react immediately by flight. Under these circumstances
the tendency to take up social contact or to investigate is not activated. As will be
discussed later, this is also truc in the case of sudden interference by another rhino.
Obs. Nr. 22: A mother and calf came in our direction, moving and browsing. When

they were about 6 mtrs. away we called them from behind a cree. Both immediately

lifted their heads and focused their ears upon us, then turned and ran off in the
dircction from which they had come. But they soon stopped and came by a parallel
route thus maintaining their general direction, but avoiding the spot where they
had been disturbed. _

The tendency to take up intraspecific contact can be aroused in bulls by imitating the

calls, snorts, puffs and the stamping made by the cow on heat. The quality of the imi-

tation is probably not very important. It is rather the uninhibited acoustical display,

unusual in rhino habitat, which has this stimulating cffect. But again the response of
bulls is far from uniform - as is illustrated by the following observations:

Obs. Nr. 23: A bull lay between shrubs. When we called him from 60 mtrs., he rose
and focused his ears upon us. After repeated calls, he slowly walked away through
an area covered with bush.

Obs. Nr. 24: A bult was walking in our direction, following a strip of secondary
tracks while feeding occasionally. We called him from 50 murs. away. With his
head up, he listened in our direction. When we called him again, he turned some-
what to the left and continued to move slowly. When passing a bush, he squirted
urine onto it, then continued his way, making a detour of approx. 100 mtrs. radius
around us.
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Obs. Nr. 25: While sitting in a tree we called a feeding bull from 50 mtrs. He at onee
lifted his head and faced us. After having called repeatedly, he came slowly in
our direction. When he was about 10 murs. from our tree, we called again in a low
voice. He immediately lowered his head, thus adopting a posture of readiness to
attack, then went slowly around the tree maintaining the distance. At the next
sound we produced, he rushed forward some steps with lowered head. Then,
after remaining on the spot for some scconds, he walked backwards scraping
vigorously with both hindlegs alternately, and again waited, facing in our direction.
Repeated shouting only caused him to go further around the tree and maintain a
distance of approx. 15 mtrs. Then he scraped again vigorously. He was now
downwind, but did not react with flight. After about 5 more minutes he withdrew
slowly and faced in our direction from appr. 50-60 mtrs. until we finally left.

Obs. Nr. 26: Also whilst sitting in a tree we called another bull who fed about 50 murs.
from us. He lifted his head and turned it somewhat in our direction, then continued
to feed. We called him repeatedly, but he did not lift his head again and apparently
paid no atention to our calling. However, after perhaps 2 minutes, and without
having been called again, he stopped feeding and walked towards us in a curve.
In passing near a small bush he squirted urine onto it, then advanced slowly, not
cxactly in our direction. At about 30 meters from us, he stopped and scraped
vigorously, then continued to approach. At a distance of 6 mtrs, from our tree he
stopped again and listened to the noise of the film camera. As we involuntarily
made 2 little noisc in the branches, he faced, with a jerk, in the direction of the
noise immediately lowering his head. Then he went slowly around the tree, while
we tried not to make any noise. The moment he perceived our scent he snorted,
turned on the spot with lowered head, and rushed off first at a gallop and then at a
trot.

Obs. Nr. 27: A family-unit of elephants which we had followed on its way through
bush country had reached a termite hill with a rhino wallow nearby. A bull was
resting on this wallow. He immediately rose and stood motionless, while the cle-
phants passed him to the left and right, keeping about 4-5 mtrs. away. We now
called him from a tree. He faced in our direction and without further delay
teotted towards us, passed near the trunk of our tree, got our scent, snorted and
ran off.

Obs. Nr. 28: We called a bull who was feeding in low growing bush while an African
guide was about 30 mtrs. to our right and perhaps 30 murs. further away from the
bull. The bull reacted by facing in our direction, and at this moment the guide
walked towards us. The bull saw the moving man at a distance of almost 60 mers.
and immediately faced in his direction. We signalled inconspicuously to the guide
to hide. After he had disappeared, the bull again faced in our direction and advan-
ced steadily. We remained motionless on the ground, in the top of a fallen dead
tree. The bull, facing in our direction, walked around the dead branches. As he
perceived our scent, he snorted performing a short bluff attack, and then ran off.

Bulls lacking self-confidence, avoid an encounter; those who approach upon calling

are prepared to fight a rival and presumably to court a cow. Suspicion may grow if

the encounter does not develop as it usually does with other rhinos.

d. Reactions to initial optical stimulation

We do not think that in any encounter of rhinos with man on foot, a rhino was first
stimulated optically by the appearance of the human. For obvious reasons the obser-
vers were not very keen on arranging such a situation. No doubt, the rhino has very
poor cyesight compared with other ungulates as e. g. zebra, girafle, antelopes. Corres-
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pondingly it is not by sight that rhinos first become aware of other animals or man.
In the course of an encounter however, optical stimulation can play a very important
r6le as some of the above described observations show.

Concluding remarks

Man on foot releases alarm excitement of different intensity according to the sensory

organs involved. The most important stimulus situations may be compared briefly:

a. In the study area human scent without any acoustical or optical manifestation of
man causes alarm of the highest intensity in the thino. It will flec with great speed
for several hundred meters. If the rhino is able to localise the disturber to some
extent, it is less frightencd than when stimulated by human scent only.

b. When alarmed by screeching oxpeckers, the rhino’s reaction is immediate flight
only in exceptional cases. Mostly it will face in the direction of the wind, lift its head
and investigate the situation mainly acoustically with marked suspicion. After this
phase of inquisitive attention the rhino may relax or it shows intention
movements of flight or attack, which are suddenly stopped, whereupon it shows
again inquisitive atrention. We call this phase of the response the phase of
exploratory activity. It leads finally to relaxation or to one of two final acts:
flight or attack. The last mentioned reaction will hardly occur if the rhino is not
very self-confident and cannot locate the disturber with its eyes.
The reactions of rhinos to acoustical stimulation by man are in many cases not
characterised by fear or suspicion if the distance between rhino and man is not
less than 30 to 40 meters. On the contrary, the untroubled investigation by the
rhino often reveals its tendency to take up intraspecific contact, When doing so,
cows are not aggressively motivared, while bulls are ready to face an opponent,
especially when enticed by imitated calls of a cow on heat.

d. It is practically impossible that the first stimulus acting upon a rhino in an encoun-
ter with man should be an optical one. When remaining motionless, man will be
noticed optically by the rhino only when his shapc contrasts with his surroundings.
A thino will optically perceive a moving man at a distance of up to 60 meters, but
only when its attention has been aroused previously by other stimuli.

In the case of combined stimulation some of the reactions may appear in concur-

rence, but in some cases the reaction upon one stimulus blocks another reaction

though the appropriate stimulus is also present. In the case of an aroused tendency
to take up social contact, scent is most frequently blocked out, and when aggressive-
ness prevails, optical stimulation may be exclusively effective in directing the attack.

C

2. Reactions to man in car

The reactions of rhinos to man in a car vary between unconcern, flight and attack.
‘The initial stimulus can obviously be olfactory, acoustical, or optical; in addition the
car can appear standing with switched off or with running engine or while moving
with varying speed, and may produce a varying noise. But these difierences in the
stimulus situation cannot account for all of the diversity in the reactions of rhinos.
We have to consider that it is only a few decades, in many places only some years,
since rhinos first came into contact with cars. Thercfore the question arises which
factors have contributed and still contribute to shape these reactions.

First it should be pointed out that different types of individual reactions can occur
in the same area. In Amboseli Game Reserve two of the ten individuals which we

" have observed most frequently were extremely shy. These were a solitary female and

a solitary subadult animal. Of the other four females, one was easily excited, onc
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inclined 1o walk away without hurrying, and the remaining two, most probably
mother and daughter, took no notice of cars if these did not come oo close, and if
the oxpeckers did not screech. Of the four bulls which were observed regularly in
the same area, only one showed clearly and regulatly the tendency to walk away from
cars. The remaining three reacted to cars only if these were too close or were to
approach in a carcless manner.

Apart from individual pecularitics, some characteristics of the actual situation
were definitely or most probably responsible for modifications of the actual reaction,
as shown in the following observations.

a. The screeching of oxpeckers

Obs. Nr. 29: We observed the two females mentioned above, who are probably
mother and daughter, and the young bull who is most probably the son of the
older female, when they came to water. After drinking and wallowing in shallow
muddy water, they went to a sandy place, lay down there, and slept. We had follo-
wed them continuously by car at a distance of 15 to 25 murs. and were 15 murs.
away when they settled down. While they were sleeping one of us carefully opened
one door of the car; this clicited no reaction. So he stood to take a photo of the
slecping group. This provoked the alarm call of the oxpeckers, whercupon all
three rhinos rose immediately. They remained motionless for one second, then
started, almost in the direction of our car and ran past us into a thicker of low gro-
wing bush. There they stopped, turned around, and in fan position, the heads just
above the bush level, faced in the direction from which they had come. Sometimes
they swivelled their heads sideways.

b. Association of the rhino

Obs. Nr. 30: The young bull mentioned above was sometimes alone. Once we found
him licking a salty spot on the soil for several minutes. When he had finished, he
started to browse. During all this time he took no notice of our car, though we
were only 10 mtrs. away.

On another day we found him together with the two cows when a car drove up
to them. While the cows appeared relaxed, he displayed a slightly aggressive excite-
ment. With his tail raised in horizontal position, head up, cars erect, he rurned in
the direction of the car. When another car arrived, he rushed at this one in a harm-
less bluff attack. Obviously he had adopted the protective réle characteristic of
bulls when associated with females. Possibly the sudden approach of one car after
another had also contributed to cliciting the bull’s aggressive excitement.

¢. The manner of approach

Obs. Nr. 31: A heavy longhorned bull was sometimes in the company of the two
cows mentioned above,and a third,apparently young cow also joined them onseveral
occasions, whereas the young bull was alone, obviously avoiding the older one.
One¢ morning the heavy longhorned bull and the three cows lay close together in
the sunshine. We had parked our car 40 murs. away in the shade of a tree and were
not noticed by the rhinos. About 10 o’clock visitors to the Reserve drove up to the
group repeatedly. The young cow was the first to show excitement. While the
others still remained lying, she rose and lifted tail, head and ears. When more cars
had arrived the bull also rose and socon the other two cows also. These two headed
for our tree, obviously in search of shade and the young cow and the bull followed
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them. We backed slowly so as not to disturb them, but when they had almost
reached the shade, three cars drove up carelessly. This prevented the rhinos from
settling down. The two leading cows walked out of the shade in our direction,
while the bull faced one of the cars, stepped forwards, then stopped, and after an
instant followed the cows. The cows passed at a distance of 5 to 7 mers. from our
car. Two faced us for a while but then ignored us. Then the bull came and faced
our Landrover. When he began walking towards us and was within 4 mtrs. we
started the engine. This apparently stimulated him to threaten: he suddenly lowe-
red his head and made three quick forward steps, while uttering a short aggressive
snort. As we reversed slowly, the bull repeated his bluff attack. We now stopped
with his first horn 1 mtr. in front of the car, and he remained there for several
seconds. Then he passed us at close quarters and followed the cows.

Obviously the arrival of cars had prevented the cows from settling and had caused
the aggressive mood in the bull.

Obs. Nr. 32: One evening, when driving in the direction of the Simek River swamp,
we found the young bull in front of us walking on the same track and in the same
direction. As we approached him from behind, he began to trot. We now left the
track and passed him, but he still trotted for a while, obviously disquieted by
having been followed from hehind.

In our study area in Tsavo National Park East it would have been difficult to observe

systematically known individuals in regard to their reactions to man in a car. But our

many encounters revealed some other important facts concerning these reactions;
the most impressive is the evidence of local habits and traditions.

When driving along the road north of the Yatta Plateau which leads to Malindi
we were quite regularly chased by rhino bulls. Several individuals had adopted this
habit, probably because they had found by experience that cars after first advancing
towards them, always “took to flight””, which made chasing them a successful and
satisfying activity.

Obs. Nr. 33: One night we left the Landrover parked about 1-2 kms south of this
road with scveral African rangers camping on a rocky hill about 200 mtrs. away.
According to their report a bull came along the main track at about 10 o’clock at
night. He suddenly noticed the car, rushed at it and attacked it with his horn. He
damaged the right metal door with several vigorous horn thrusts so that it hung
down on one hinge, looking like wrinkled cardboard. Then he pushed several
holes into the side of the body of the Landrover, and finally slit the tyre of the
rearwheel and went away. )

We had left our Landrover parked overnight in the open in several places south of

the Yatta Plateau, but it had never been attacked while parked. Perhaps chasing cars

regularly and attacking a standing car are caused by the same motivation: in this area
cars have for some bulls the conditioned stimulus value of a gratifying object of
aggression.

In the whole Galana-Yatta Region mothers with calves arc always alarmed whena
car is within 30 meters. Threat behaviour by the mothers followed by flight or simply
flight are the usual reactions. Single females arc also easily alarmed. Generally the
thinos of the Galana-Yatta Region react much more intensely to cars than do most
of the Amboseli rhinos. Some types of frequent reactions which have not yet been
mentioned, are described in the following observations:

Obs. Nr. 34: We tricd to approach a subadult single bull by driving carefully through

scanty bush vegetation. The bull did not really face us, but merely kept one ear

turned in our dirccrion, and walked farther away when we were within 25 meters.

"This reaction occurred repeatedly as we tried to approach again.

-
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Obs. Nr. 35: As we followed a track along a small valley, we met an old bull feeding
15 mtrs. from the track. He stood approx. patallel to the car, lifted his head without
facing us, and, slightly raising his tail, walked away from the track.

Obs. Nr. 36: When driving on a track over the Yatta Plateau, we came upon three
rthinos, a bull and two cows. The animals were alarmed and, with tails up, they
trotted more or less parallel to the track, but not one behind the other as mother
and calf would do. Soon the cows turned away from the track while the bull
crossed in front of us — a well known reaction of many rapid runners among plant-
cating mammals and birds. After having crossed, he trotted more or less parallel
to the road for a while, then turned off from the driving track.

Obs. Nr. 37: A young bull near the track on which we were driving, trotted away
with the tail lifted: he went into a bush thicket, turned around, and listened.

Obs. Nr. 38: An old bull was feeding 40 mirs. away from the track on which we were
driving. As we stopped without switching off the engine, he secemed to take no
natice of us. He left the bush where he had been feeding and walked first in our
dircction, then parallel to our track, Suddenly, without facing us and without
changing direction, he performed a short symbolic attack, rushing forward for
some steps with his head lowered. Then he changed direction and, without
speeding up, walked further away from the track.

Obs. Nr. 39: Coming from the Yata Platcau we were driving on a track in the direc-
tion of the Galana River, when we saw a bull about 50 mtrs, away and some 20
mtrs. off the track. An instant later the bull had turned in our direction lifting head
and ears, and when we were 30 mtrs. from him, he broke into a trot, clearly
heading rowards the moving car. We stopped, but by pressing slightly on the gas
pedal, increased the noise of the engine. The bull also stopped, then turned and
trotted off with his tail lifted.

Obs. Nr. 40: In a similar case, a bull withdrew for some 20 mtrs. only and then faced
us again.

Obs. Nr. 41: Driving through bush we suddenly found a bull and a cow 20 murs. in
front of us. They faced us, then the bull rushed at us, while we stopped. He came
to within about 10 mtrs. then stopped with his forefeet, raising a small cloud of
dust. The cow now started to flee, and the bull turned and followed her.

Obs. Nr. 42: When driving from the Galana River in the direction of our main
observation hill, we saw a subadult bull moving in our direction from the right.
We stopped and sat on the bonnet of the car with the cameras ready. When 15 murs.
away he noticed the car and approached, showing slight suspicion. After having
faced us while walking hesitantly for a few seconds, he nevertheless crossed the
track 6 mtrs. in front of us, But now he was suddenly reached by our scent, snorted,
rushed forward with his head lowered and fled, maintaining the general direction
he had been following before.

Concluding remarks

It is only some decades or — in other regions - some years, since rhinos have encoun-

tered cars. Regional, individual and momentary variations in the reactions of rhinos

to cars are remarkable. Most striking in many cases are these:

— indifference to cars if they do not approach too rapidly and too noisily;

- reactions to cars as gratifying objects for chasing;

- inquisitiveness and exploratory reactions by which the rhino “is feeling out” the
situation or the properties of the car.
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Figure 22, Defensive rush of a mother against a bull, caused by a low flying aircraft,

3. Reactions to low flying aircraft

During our flights over the study area we observed the following possible reactions

of rhinos:

— Somctimes lying rhinos lifted the head but did not rise.

— Others rose, but did not move.

— Most rhinos however, fled with tail up. When the aircraft (helicopter) followed a
flecing rhino closely, it normally galloped with head and tail low and tried to find
cover in bush.

~ When a bull was with a mother and calf, the bull normally had a flight route of his
own. On several oecasions bull and cow, coming from different sides, approached
one another during their flight. Then a defensive rush (Fig. 22} of the cow could
be observed, which the bull parried with lowered head.

— Some rhinos did not move, but stood in a threatening posture and turned to face

the aircraft. This reaction resembled their behaviour towards elephants which we

have called “holding the ground” (see: IV. A. 4.).
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- In similar cases a short rush against the helicopter could occur.

- Near Malindi road some bulls were observed who came trotting towards the air-
craft, clearly with the intention of attacking and chasing it. Most probably these
bulls transferred to aircraft the response which they normally showed to cars in
this arca.

To sum up we can state that in reacting to aircraft, rhinos tey cither to escape and to

hide, or to “hold their ground” and defend themselves on the spot, or to attack and

chasc the source of disturbance.

General remarks to rhing and man

The reactions of thinos to man in his different manifestations reveal, that the rhinoce-
ros does not recognize man himself. Therefore it is understandable that diflerent
types of stimuli caused by man elicit quite different responses.

V. Ritualized behaviour patterns of daily activity

A. Problems and aims of investigation

In higher vertebrates with their complex way of life, the need for social signals and,
generally, for means of communication is obviously very high.

Particulary in animals living in organized groups, social integration is maintained
by the permanent tuning-in of all members. This permanent process has to achiceve
a working social unit by coordinating differentiated individuals, “personalities”. So-
cial integration therefore requites a highly differentiated system of communication.
Obviously many activity patterns have adopted secondary social functions through
modifications in shape, which serve these functions: they have developed a more pro-
nounced signal quality, partly by changes in their dynamic aspect, partly by conspicu-
ous body structures. In many cases the original funetion has been dropped for the
benefit of the communicative function.

In its most comprehensive sense ritualization denotes these modifications in shape
serving communicative functions; and behaviour patterns which have lost their ori-
ginal function in favour of communication are called symbolized or symbolic. One
might be inclined to assume that almost solitary animals such as rhinos have not much
need for communicative behaviour. Yet, it is the solitary way of life for which commu-
nication within the population must be an issue of major importance. In the rhino
acither their optical nor their acoustical manifestations of presence comply with the
need for communication within the population; this function is accomplished by the
medium of scent.

In the rhino a number of behaviour patterns which imply the production of scent
traces, mainly defecation and urination, appear to be ritualized. The assumption seems
justified that ritualization in this context also functions in increasing the efficiency
for communication. But this general statement is far from a full description, and needs
to be completed by motivational and functional analysis, and, if possible, with some
insight into the character of ritualization in the behaviour complex in question. The
results of our observations made both in Amboseli Game Reserve and in Tsavo
National Park are outlined in the following sections.
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B. Delecation

1. Normal features of defecation

As has been described more or less accurately by several observers, the black rhino
does not drop its dung indiscriminately, but it maintains “lavatories”. These special
dung places occur very frequently along main tracks, occasionally near moving-feed-
ing tracks, and they arc widcly scattered in feeding areas, Very large dung heaps are
found near common watering places.

In the study area in Tsavo National Park East, where nomadism of the rhinos is far
more pronounced than in Amboseli, all dung places are used by many individuals. In
contrast we found onc area in Amboseli, which was frequented by one rhino only,
namely the earless bull “Pixic”, This bull maintained “private lavatories™ in this spe-
cial arca.

Most dung places arc next to a small tree or a bush. Some are used from one
side only, others from two or more sides (see Fig. 7). Difference in usage may be ex-
plained by the presence or lack of vegetation or other obstacles nearby, which deter-
mine the possibilities of access to the dung place.

The usual patterns of defecation are as follows: Facing the dung place and some-
times clearly sniffing at it; turning on the spot; lifting the tail followed by defecation,
and scraping with both hindlegs alternately.®

Scraping results in breaking up and spreading out the fresh dung. At the same
time two shallow ditches are dug into the dung and even into the soil underncath.
After scraping the rhino leaves the place. ’

Obviously ewo components of these patterns of defecation imply muallzatlon
namely the restriction of dcfecation to lavatorics, and scraping simultancously with
defecation proper. Before discussing the bencfit of lavarories and of scraping for
communication, we shall discuss the variability of defecation and those characteristics
which reveal ritualization.

2. Modified defecation

The features of defecation are often modified, and in most cases these modifications
are connected with special features of the social situation. In the mother-child-unir,
defecation of one individual often stimulates defecation in the other. In this context
the following observation made in Tsavo East with the tame orphan rhino “Rufus”
is significant: D. Sheldrick could stimulate “Rufus” to defecate by scraping with
his feet.

In some cases obscrved, normal defecation by the mother stimulated defecation in
the calf with reduced ritualization components, as shown in the following observa-
tion:

Obs. Nr. 43: A mother and her calf walked along a main track towards the river, At
a bifurcation of the track, the mother defecated at a lavatory. The calf stopped
meanwhile, defecated onto the track and, without scraping, left the place and fol-
lowed its mother.

& Several authors have observed that before dcfccating rhinos, especially malcs, “sweep” the dung
pile with the upper lip and the base of the anterior horn. Goddard (1967) furthermore stated that
the animal may shuffle through the dung pile keeping the front and hind legs rigid, and that af-
ter defecatinn small thom trees near the pile are sometimes demolished. In the Tsavo -population,
sweeping movements with the head, smashing of a shrub, and walking with stiff legs were ob-
served only in the context of the complex bull ceremony and not of defecation,
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In this case, the example of the mother induced the calf to follow suit, but the situa-
tion did not clicit the components of local fixation and scraping. In other, similar
cascs local fixation was missing, but scraping occurred toa reduced degree, The “trans-
fer” of defecation was also observed in a few cases between bull and cow. ‘The follow-
ing observation illustrates this fact and at the same time shows ritualization in a re-
duced form in a special situation.

Obs. Nr. 44: While we walked up a little valley, a bull and a cow further up the valley
were alarmed by our scent. They ran up one of the soft slopes, and at the top, where
they were no longer reached by our scent, they stopped and defecated almost
simultancously 2 to 3 murs. from each other. The cow did not scrape at all, the bull
only very cursorily.

As shown in observation Nr. 16, disturbance by man does not necessarily reduce scrap-

ing. In several encounters with male rhinos, who were not alarmed by human scent,

but by oxpeckers or by the noise of a car engine, defecation was combined with in-
tense, even exaggerated scraping.

These different examples suggest that defecation itself, its restriction to a lavatory,
and its combination with scraping, are closely related to special circumstances of the
actual situation. The most striking fact is the occurrence of defecation and of intense
scraping in encounters with man and car. But here we have to add the fact that en-
counters between rhinos have the same result.

As will be discussed later, scraping on its own is a normal reaction when bulls are
“showing off”” and ready to face a rival. A special bull display in which scraping plays
an important part, will be discussed later (V.D. Complex bull ceremony). Finally
defecation with vigorous scraping occurs in yet another situation, that is when a bull
comes upon a car track which has been used recently. The resulting portion of dung
at the border and scraping traces across the whole track were often noticed.

3. Motivational and functional aspects of ritualized defecation

The facts mentioned above give access to the motivation of ritualized defecation
in the rhino. Defecation can be stimulated by an intimate partner, mainly the mother,
who sets the example. Again excitement aroused by an encounter can result in defe-
cation. If the emotion has a quality of aggression or imposing, scraping is emph-
asized.

In rhinos an encounter is not restricted to optical or visual stimuli; olfactory stimu-
lation is also important, especially in revealing the presence of another member of
the species. Now the presence of scent is not necessarily linked to the presence of the
individual who produced it. Scent traces might substitute the producer. In fact a car
track can release the same type of defecation with vigorous scraping as does an actual
encounter.

Scent traces, accordingly, actas “substitutes” and bring about “indirect encounters™
or “indirect communication” within the population. This leads to the functional
aspect.

Scent traces can serve the purpose of communication, Communication will benefit
from an evolution which tends to make production and distribution of scent traces
less incidental.

In fact onc result of ritualization is the existence of discrete, localised lavatories,
which justify the term “scent-marks” (SCHENKEL 1966). Undoubtedly an organised
scent-marking system is more efficient as a system of olfactory communication than
incidental traces set by random defecation.

The function of scraping combined with normal defecation has yet to be defined.
Scraping in fresh dung also leaves localized scent traces, not at the dung place, but on
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the track of cach individual. When the rhino rubs its hindfeet in its own fresh dung,
the soles are covered with smelly substances which will impregnate cach footprint
while the rhino is moving.® In fact, observations have revealed many times that
rhinos are perfectly able to follow the scent track of another individual, even on 2
track system which has been used by several rhinos not long before.

There is yet another aspect of ritualized defecation to be discussed; the maintaining
of private lavatorics as in
the case of “Pixic”. In
this case it is neither an
intimate partner nor con-
frontation with another
rhino or its scent traces
which act as releasers. Ie
seems that in the special
case of “Pixie” defecation
is almost automatized and
no longer governed by
aroused emotion, or it
is governed by another
motivation which we
have so far neglected. In
fact, in many scent-mark-
ing mammals and especi-
ally in territorial species,
the own marks arc renew- Figure 23. Non-ritualized urination by a young bull.
ed again and again. It is
nor difficult to understand the functional value of such scent-marking. It provides a
system of potential stimuli in space which contribute to imprint familiar areas, and to
regulate the activity in its relation to space generally.

v

C. Urination

1. Non-ritaalized urination

In bulls and cows urination occurs with and without ritualization. When urinating
in non-ritualized manner, the bull stands motionless and releases a continuous, slightly
pulsating stream of urine downwards and backwards (Fig. 23) onto the soil, where
a ring of white foam may form. This type of urination was not often observed in adult
bulls, while non-ritualized urination is the normal type seen in cows. The cow releases
urine in a continuous almost vertical stream without pressure, which is interrupred
and pulsating towards the end of the process.

2. Normal features of ritualized nrination

When urinating in ritualized manncr, the bull ejects one to four bursts of urine hori-
zontally backwards (Fig. 24). Obviously because of pressure, these bursts take the
form of a horizontal shower of very fine droplets, which may reach as far as 3 to
4 mtrs. away. The shower is usually aimed at a bush or shrub; in open grassland, how-
ever, the urine need not be squirted at a special object.

¢ This has been confirmed by Gobparp (1967, E. A. Wildlife ). 5: 133-150),
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We never observed a
bull sniffing first precisely
at the spot to which he
then squirted urine, but it
could well he that he had
nevertheless perceived its
scent qualities when its
head had passed nearby.

Incows, ritualized urin-
ation consistsof onesingle
squirt; a small quantity of
urine is cjected with little
pressure. The squirt is not
aimed at a special object.
When the cow is moving,
she may stop for some
scconds, squirt, and im-
mediately walk again.

Figure 24. Ritualized urination by a fullgrown bull.

3. Motivational and functional aspects of rétualized nrination in bulls

Bulls were obscrved to urinate in ritualized manner in the following situations:

- when walking slowly and feeding occasionally,

- onmore or less circular trips during which they seem to investigate their surround-
ings, in following scent tracks, and in waiting on main tracks,

- in the context of an encounter with another bull,

— when stimulated acoustically by engine noise or by man on foot, especially when
“called”,

~ in the context of a “complex bull ceremony™, which will be described later (V. D.).

Ritualized urination in encounters deserves special attention, because it reveals the

underlying emotion or excitement. The following observations illustrate such en-

counters:

Obs. Nr. 45: One morning early, a bull was feeding occasionally while moving slowly
and without definite direction. Another bull, coming from the river and walking
speedily in the direction of the Yatta Plateau happenced to come across the feeding
bull. The latter was more or less downwind and therefore the first to react. He
remained on the spot, facing in the direction from which the other bull was to
come. When this one was within 7 mtrs. of the waiting bull, he also became aware
of the other and stopped. For morc than half a minute both bulls stood motionless.
Then the one who had been feeding in the area, slowly turned to the Ieft, first appa-
rently stifi-legged, then more and more relaxed. Simultaneously the other also
moved, first with some tense and hesitating steps, then showing decreasing tension.
Eventually he vook up his former gait and direction, while the remaining bull
squirted urine onto a bush.

Obs. Nr. 46: Onc evening a bull had followed closely a cow with subadult son to-
wards the watering place. Another bull stood there on an open flat place. While
cow and son went to water, their companion faced and threatened the other bull.
This one however stood his ground. Eventually, after having rushed at each other
screaming, the bulls separated. The newcomer went towards the water, and when
passing the Suaeda bush girdle on the river bank, scraped vigorously and squirted
urine onto a bush. The other bull approached a bush near the place of the encounter
and also squirted urine.
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In both cases (Nr. 45 and 46) urination occured while tension was decreasing. This
is not a necessary condition. In encounters berween rhino and man or car, squirting
of urine sometimes occurred also during the introductory phase.

In bulls, ritualized urination is more or less congruous 1o ritualized defecation,
whereas in cows it is much more restricted in its function.

It is most likely that ritualized urination in cows is connected with a special phase
in the oestrous cycle. This does not exclude the possibility that it is the expression
of excitement aroused by an encounter. On the contrary, the special status in question
scems to imply a special type of cxcitability. Since ritualized urination in cows is not
a daily activity, it will be discussed later in the context of mating (VIL A. and B. 3.).

D. Complex bull ceremony

Bulls were often observed to perform a complicated ceremony when they were alone.

The same ceremony occurs, often at higher intensity and repeatedly, in certain cases

of association of a bull with one or several cows. The whole performance contains

the following behaviour elements:

- sniffing at a shrub or a low-growing isolated bush,

- an outburst of aggressive snorting in attack posture with or without a short and
quick step forward,

- intense sideways rubbing of the nose-mouth region on the shrub or bush,

- horn-beating sideways with intensified sideways movement of the head which
results in smashing the plant completely, .

— stepping forward over the plant with dragging hindfeer,

- pouring bursts of urine over the plant,

- stepping backwards whereby each hindleg performs steps such as scraping kicks
backwards,

~ repetition of stepping forward and backward in the manner described.

It must be mentioned that the whole performance is not entirely a stercotyped

sequence. The order of succession may change and sometimes one or the other

element is dropped. The ccremony has in common with ritualized defecation and

urination that it occurs as a kind of display in a special social situation and also as a

performance of the bull on his own. In both cases we have to expect that it has an

appropriate function.

As a social display it was observed only in bulls associated with one or several
cows, but even in the case of such association it was seen only occasionally. The
following observation illustrates this special situation.

Obs. Nr. 47: One evening, the heavy longhorned bull, often scen in the area of
Observation Hill in Amboscli, was with three cows, the two females mentioned
already which arc most probably mother and daughter, and the younger and
slightly smaller cow also often seen in the same area. The young cow showed
special interest in the bull and a special kind of excitement in his presence. While
they were feeding in shrub under high trees, he squirted urine whereupon she
approached him repeatedly and then suddenly ran off for perhaps 20 murs. with tail
up, as in flight. During these phases of excitement she several times squirted 2
small quantity of urine. The bull responded by walking away to an open place
covered with dense grass and scattered bush and shrub. At a distance of approx.
30 mtrs. from the cows he repeatedly performed the ceremony described above,
cach time changing the place of performance., The three cows moved slowly

“towards the bull, but the small one was obviously most impressed. She again
approached the bull and then performed an excited pseudo-flight.
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On several other occasions when the same four rhinos, or only the bull and two of
the cows were obscrved together, the bull did not show the display, but neither did
any of the cows squirt urine in a ritualized manners Apparently the small cow was at
the beginning of heat, in a phase of “prudity” and the bull was stimulated to display
by her status and responsiveness. Yet, premating contact shows many other varia-
tions, some of which will be described later (VII. B.). In Tsavo National Park East
many encounters or associations between bull and cow were observed, but only
seldom did a bull perform parts of the ceremony in such a situation.

‘The complex bull display has the character of “showing off”* with clements of sym-
bolized aggression. The latter are not addressed to the female, but to a plant which
seems to serve as a substitute for a rival. Similar aggressive display occurs in the court-
ship of many vertebrates, the most famous case being the “Triumphgeschrei” of the
gander (Hrinrorn 1910, Lorenz 1963, Frscuer 1965). However, the problem remain-
ing is the fact that the ceremony occurs also when a bull is alonc. Several times we
obscrved bulls performing the ceremony near a main track, and smashed shrubs near
tracks, with scraping and dragging traces nearby, reveal that this must happen fre-
quently. We also observed a bull performing the ceremony in a feeding field with a
wallow nearby, obviously a place where rhinos remained often. It is quite likely that
scent traces of other rhinos act as releasers of the display. But what is its function?
Undoubtedly, rubbing, hornbeating, trampling, urinating, and scraping produce a
whole set of scent marks which ate, over a limited period of time, manifestations of
presence of a bull (ScHENKEL 1966).

E. Scraping

Scraping has been described above as part of ritualized defecation which can occur
when a rhino is associated with another one, when it encounters another one or man,
and also when it is alone. Scraping is also part of the complex bull ceremony which
occurs in the presence or absence of cows. Finally it is released in encounters as a
gesture on its own. In the latter case it appears as a displacement activity revealing
inhibited aggression.

If occurring as a ritual element of defecation or of the complex bull ceremony,
scraping has lost its independant motivation. Yet it still scems to express a component
of aggressiveness or showing off. But if the actor is on its own, there is no receptor
to respond to the gesture of scraping. Clearly as part of the rituals of defecation and
the bull ceremony, scraping has a “new” function: it impregnates the track with
individual smelly substances.

We may conclude that scraping as an element of ritualization has its origin in the
direct encounter where it still occurs. By its integration into ritualized ceremonies it
has lost its independant motivation and contributes to a new function.

F. The scent-marking system: concluding remarks

The rhino disposes of a complex system of olfactory communication within the
population. Ritualized defecation occurs in both sexes. Its restriction to lavatories
produces a system of scent marks, its combination with scraping results in individual
scent tracks. Bulls dispose of two more scent-mark systems, firstly by ritualized urina-
tion, sccondly by the complex bull ceremony which produces complex scent-mark
sets. Female rhinos have no similar system of their own. Their poorly ritualized uri-
nation has its function only in the context of mating. The more pronounced manife-
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station of presence (or epideictic display, according to Wynne-Epwarps 1963) in
males than in females is also found in other mammals and in vertebrates generally,
be it in the sphere of optical, acoustical or olfactory communication.

In the rhino the behaviour patterns by which scent marks ate produced occur also
in encounters. There, they are clearly connected with special characteristics of the
situation and correspondingly with a special emotion. The importance of olfactory
stimulation in the rhino may help to explain why “indirect communication” has been
developed with scent traces as substitutes for other members of the species. The
cfficiency of such a communication system will increase with appropriate ritualization;
a scent-marking system proper is the result of such rirualization.

The scent-marking system of the rhino does not only imply the manifestation of
presence of each individual according to its sex, and act as a system of communication
bringing about the continuity of the population, but also contributes to shape the
environment into a living area which provides appropriate stimuli for the regulation
of daily activity in space.

VI. Behaviour in direct contact between rhinos

A. Avoiding and provoking encounters

Rhinos were frequently observed to notice one another, but apparently without any
intention of meeting. In some cases they could hear one another casily while feeding,
but paid no attention. On other occasions, one individual was feeding and the other
walking quite nearby, or they were walking in different directions. In such situations
thinos listened perhaps in the direction of the other animal, but they passed one
another without making closer contact.

In the evening, when rhinos moved along a main track to water, it often happened
that one rhino, walking quickly, approached another downwind, who was moving
slowly, or feeding near the track, or lying on a wallow nearby. When about 30 mtrs.
from the other, the approaching rhino changed from the main track to a parallel
secondary track and overtook it. The other animal might face the first for a while
with eats erect, but then would continue with its activity.

But, obviously, rhinos do not always avoid one another. In a number of situations
they usually want to make contact; either both of them, or one of the animals concer-
ned makes an appropriate effort and the other gives way to it:

- Mothers with calves when coming near one another accidentally, often approach
for a bricf meeting. This was most frequently observed in the mornings.

- Rhinos frequently come together at wallows, Usually it is the wallow which
attracts them, not the opportunity for social contact. Sometimes weak competition
arises over the privilege of using the wallow.

~ Bulls make contact with cows in the feeding areas, on main tracks, and at watering
places. Cows may reject the bull, may show “prudity” or tolerate the bull’s presence.

- As has been pointed out previously, the watering place is quite generally a meeting
place. Bulls often remain there for hours, and all kinds of encounters occur,

In the following sectibns we describe behaviour patterns of rhinos in encounters

among themselves.
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B. Encounters between females andjor mother-child-units

When mother-calf-units meet in a feeding area or on a wallow, the encounter is
peaceful, and normally a special “greeting” ceremony takes place, as is shown in the
following observations:

Obs. Nr. 48: A mother with a 3/, grown calf and onc with a 1, grown calf moved
slowly across a soft slope in approximately opposite directions, When their paths
had almost crossed at a lateral distance of perhaps 30 murs,, both groups changed
their direction in order to meet. The mothers were in front, each with her cars
focused on the other group, while their calves were behind, When at a distance
of 3 to 4 mtrs. of cach other, the mothers stopped for about 20 scconds. During
this time they obviously relaxed. They then approached and touched one another
with the nose, presumably sniffing each others’s scent. Meanwhile the calves came
from behind their mothers and also greeted one another. Then the older calf touched
noses with the mother of the smaller one; but when the other mother approached
the smaller calf, it avoided contact. Apparently it lacked self-confidence. The four
thinos remained together for some further scconds, then separated and went in
different directions, the mothers leaving first, the calves remaining together for
some scconds, then following their mothers.

Obs. Nr. 49: A mother and her subadult son were lying in a wallow, when a heavy
cow accompanied by a younger cow, presumably her daughter, and a subadule bull,
her son, approached slowly. When the latter were about 30 mtrs. away from the
wallow, mother and son rose with ears focused on them, and the approaching
animals also had their ears focused in the direction of the wallow. When 20 murs.
away the newcomers changed direction slightly and went under a small tree 10 mers.
from the wallow. There the two cows remained for several minutes, while the
subadult son walked to the wallow, where greeting took place. This was brief
between the cow and the newcomer, but prolonged between the two subadult
bulls, where it developed into a kind of symbolic butting, with one withdrawing,
the other following up with interchanging réles. Thenall three stood on the wallow.
Now the two cows which had meanwhile remained under the small tree, came to
the wallow as well. Again greeting occurred. After standing for several minutes
on the wallow, the bull belonging to the two females lay down, and within appro-
ximately 3 minutes all five rhinos had settled down. Later, the cow and subadult
bull which had been on the wallow earlier, were the first to leave and to start
feeding.

In most cases in which rhinos on a wallow were approached by another, they rose
and faced in the direction of the newcomer with cars erect. The newcomer never
came immediately to the wallow, bur stopped before or near the edge. Then some
kind of reciprocal “measuring” took place, in which self-assurance of the individuals
involved, urgency of the nced to wallow in the newcomer, and possessiveness or
intolerance of the resident were the varying factors. The following observations
show some variations of the resulting scene:

Obs. Nr. 50: A cow A lying on a wallow was approached by another, B, and rose.
The newcomer B approached hesitantly and stood ncar the wallow for perhaps
half a minute without facing the resident. A lay down again. When the newcomer
B lowered her head to sniff the soil - a preparation for lying down — A jerked her
head up performing symbolized horning, whereupon B lifted her head into
normal position. After some time she moved her head down again, but A again
responded with empty hornpush. The sequence was repeated several times. Then
the cow B turned off and started to feed in a “lukewarm” manner near the wallow.
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Several times she tried again o enter the wallow but she did not dare to do so

hecause of the other cow. Eventually she lay down just outside the wallow.

Obs. Nr. 51: A mother C and her subadult son had been lying on a wallow. Mother C
rose and fed nearby then stood “waiting” for a while. Mother D with a halfgrown
calf approached the wallow. The subadult bull rose. When mother D stepped onto
the wallow, he backed two steps and approached his mother. Mother D walked
into the centre of the wallow followed by her calf and stopped there. The calf lay
down and suckled for about 4 minutes, whereupon mother D and calf left. After
they had gone, the young bull continued his rest.

In some few cases, after standing near one another for some time, the newcomer

instead of the resident lay down first, and the resident followed suit.

On large wallows up to four rhinos were seen to arrive onc after the other, and at
each new arrival all the residents rose and then lay down again. In all these cases,
chinos which did not belong together did not lic in close contact, but with at least 2
mtrs. between them. When three to four rhinos visited the same wallow, it could
happen that an individual could not find a place on the soft soil at the required
distance from the others. Then it would often lie down outside of the wallow proper.

C. Non-mating contact between bull and cow or mother with calf

On wallows similar scenes were obscrved between bull and cow as between cows. On
the following occasion a bull actually defended a small wallow against a mother with
calf, .

Obs. Nr. 52: A bull was lying on a small wallow. When a cow with half-grown calf
approached, the bull rose and waited. The cow came very close, facing the wallow.
When her head was within two mtrs. from that of the bull, he stepped back two
steps and then rushed forward about the same distance with his head lowered,
stopping himself suddenly with his forefeet, and raising a small cloud of dust. The
performance was identical with *holding the ground” in encounters with clephants.
As the cow still remained on the spot, the bull repeated his steps backwards and
then the forward rush.

In feeding areas it is usually the bull who approaches the cow. Some different types

of approach have been observed and the cow’s reaction also show some variations.

The bull may approach the cow without hesitation; then she will most probably
atrack him while pufling rhythmically. In all cases observed, the bull turned on the
spot and trotted or even galloped as far away as he was chased by the cow, that is
from 5 to 300 meters. Often a bull approaches a cow very carcfully without facing
her or moving precisely in her direction, and so may remain near her for some hours
without being molested. On the contrary, a weak bond may develop between the
two animals as evidenced by the correlation of their activity, e.g. feeding, resting,
moving towards water etc. Sooner or later such an association dissolves withour
complication or without special ceremony.

The intensity of the bond developing between bull and cow shows variations. In
the more static rhino population of Amboseli Game Rescrve, these bulls and cows
who live almost permanently in the same area, most probably know cach other
individually, and they soon become quite intimate when they mect. They may for
instance sleep in close contact. On the other hand this was only rarely seen in Tsavo
National Park East. A nose to nose touching between bull and cow, similar to
greeting in cows, was observed a few times in Amboseli, but never in Tsavo,
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D. Encountecrs between bulls

Surprisingly often, two bulls were observed near one another i.e. at a distance of
30 to 60 murs., and remained so for a considerable time without actual contact. On
many occasions it was obvious that one bull was downwind of the other; therefore
at least one of them knew about the other’s presence. It has heen stated above that
rhinos deliberately avoid meeting one another when moving towards water. The
following observation shows the same fact in a feeding field.
Obs. Nr. 53: A was fceding on a soft slope of a little valley. B came walking up the
valley on the same slope, moving parallel to the river bed. A was downwind. While
B came nearer, A slowly moved towards the river bed, feeding continuously. The
paths of the bull crossed one another at a lateral distance of about 30 mtrs. but they
took no further notice of one another.

Many encounters occur accidentally. Bulls then usually remain motionless at a
distance of 6 to 10 mtrs. of one another, each apparently “testing” the other’s
intentions. Then they slowly separatc again as shown in Obs. Nr. 45, On a few occa-
sions, one bull was apparently following the scent trail of a cow, when he heard
another animal perhaps 30 mtrs. away. He walked or even trotted in its direction,
When he was within 10 to 15 mtrs. of the other who happened also to be a bull
now facing in his direction, he stopped and immediatcly ran off. As has been mentioned
(Ecology, II. C. 2.), the same reaction was observed in a bull who had approached
ostriches, It might be interpreted as caused by a situation completely different from
that which the bull had expected.

Often bulls prepared to encounter other thinos were observed near common
watering places and near main tracks. Here reciprocal “testing” of bulls with impo-
sing and threatening behaviour wus scen on scveral occasions. The following two
observations show the behaviour patterns which most often occur in these situations.
Obs. Nr. 54: In the encounter (Obs. Nr. 46) between bull A who had accompanied a

mother with a subadult son and B who had been standing in the flac open space,

the bulls faced one another with heads slightly lifted, in imposing posture. A then
approached B with very slow, short, stifi-legged steps. His nose was pointing
forward almost horizontally. B faced him, but did not move. When A was 6 mtrs.
away from B, he turned to the right and with stiff steps slowly circled around B, who

turned on the spot, always facing A. After having walked a semicircle around B, A

faced Bagainandappro-

=/ ached him with stiff legs

and nosc horizonwl. B

first waited, then rushed

forward with lowered

\@ head (Fig. 25). A also

lowered his head. Both

= AN bulls screamed and puff-

\ - cd, then stopped nose

Figure 25. A bull rushes against his opponent, screaming and with 0 NOse, with their first
his head lowered. horns almost touching

cach other. After both

had screamed in repeated outbursts, A backed and once more circled around B for
some steps. He then walked off in direction of the water. As already mentioned,

when 25 mtrs, away, A seraped and squirted urine onto a Swaeda bush, and B

moved some steps in the opposite direction and also marked a bush with urine.
Obs. Nr. 55: At about 4.30 in the afternoon a bull, C, waited ncar the most fre-
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quented track to water in arca A. Another bull, D, came moving along the track to
water. When about 15 mtrs. from C, D slowed down, adopting a not very pro-
nounced imposing posture. C stepped backwards off the track for 4 to 5 murs.
scraping vigorously with his hindfect, while D advanced slowly. Now C also
advanced with nose stretched forward horizontally, whereupon D stopped in
imposing posture. Again C backed, scraping with his hindfcet and D advanced
stifi-leggedly. When about 6 to 8 mtrs. apart, the bulls rushed at one another and
stopped with stiff forelegs, rising clouds of dust. They now faced each other
with lowered heads, thcir first horns nearly touching. They undoubtedly screamed,
but the observer was too far away to hear it. After having remained in this posi-
tion for more than half a minute, D backed very slowly; but when C now stepped
forward with lowered head, D did so too, and once more dust rose and the
bulls threatened each other with horns almost touching. After another phase
of immobility, D again backed very carcfully, and this time C did not advance.
When the distance between them was about 5 mitrs., both slowly turned. D
continued his trip along the track, while C once more scraped vigorously and
then followed D at the same very slow gait. After walking for about 50 mtrs. -
keeping a distance of 15 mtrs. beeween them — D stopped and turned on the spot,
displaying laterally in imposing posture. After some more steps C also stopped,
and both bulls remained stationary for about half a minute. Then D turned again
slowly and continued his trip, while C lcft the track and walked slowly into the
adjacent bush,

Obs. Nr. 56: Bull E lay on a wallow. When bull F approached, he rose. F now
advanced slowly in imposing posture and had almost reached the edge of the
wallow, when E backed two steps and then rushed forward (“holding the ground”
display). F immediately did the same and both bulls stopped just in front of each
other rising a cloud of dust. After remaining in this position, horn to horn, for
almost half a minute both backed one step, then they rushed again at each other.
This was repeated several times more. After some 3 minutes of reciprocal threa-
tening, E withdrew slowly and F had become “owner” of the wallow. He waited
until E was approximately 20 mtrs. away, then he lay down.

The main behaviourial elements occurring in the context of these eacounters are:

Forms of showing-off with weale components of aggressiveness:

- stepping backwards with scraping

~ imposing posture, frontally or laterally displayed

Forms of imposing with a marked component of threat:

- stepping forward stiff-leggedly in imposing posture

- circling around the opponent in the same manner

Forms of threat proper:

- stepping forward with nose stretched forward horizontally o

- rushwithsuddenstopinfront of oneanother withlowered head and withscdeming

- remaining in front of one another with lowered head and first horns almost tou-
ching, sometimes screaming in the beginning

Twice one bull was observed chasing another at full gallop. On one of these occa-

sions, we saw just the beginning of the chase which was accompanied by repeated

short snorts. In ncither of these cases did we witness the beginning of the whole
cncounter. As has heen stated already (Ecology IV) one of these chases ended
when the pursuer gave up. In the other the pursuer reached the pursued and, with
his first horn, jabbed him in the rump. The pursued tried to avoid being jabbed and
changed direction in quick sequence. When he fell, the other stopped next to him

‘with lowered head, then walked away. The defeated bull rose and walked away in

the opposite direction.
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It should be emphasized that really serious encounters among male rhinos are
extremely rare, and even threatening or chasing are not at all frequent. Yet, bulls
do not appear as relaxed as cows, and especially mothers, when they meet. They
usually try to avoid mecting and in most cases when they meet accidentally, they
separate as soon as they realize that the other has no intention of attacking.

Finally it should be mentioned that most reactions of rhinos to other larger animals
and man are basically those observed among rhinos themselves; the only exception
is the strong or even extreme component of fear in some of the encounters with man,
and especially in the reaction to human scent, in regions where rhinos have been
persecuted by man.

VII. Mating behaviour

A. Period of increased sexual activity in a population and isolated mating

As has been stated (Ecology V. C. 4.) a high percentage of babies was observed in
July/August 1965. This means that a larger part of the cows had come on heat almost
simultaneously in March{April 1964. During this short period sexual activity must
have been exceptionally high. Another period of this kind was observed at the end
of July 1964. Overnight, sexually motivated activity started in the area, involving a
number of bulls and cows. On several occasions cows were scen to urinate in the
ritualized manoer described above (V. C. 2.). Bulls often followed scent tracks with
the nose almost on the ground. Sometimes a bull was apparently unable to find out
where the cow had gone. He followed a track continuously, then stopped and turned
to the lefr and righe sniffing carefully. Sometimes he then followed the scent track on
which he had come, in the opposite direction, and again turned to the left or right,
testing the adjacent terrain carcfully. Occasionally a tracking bull might stop and
sniff for a long time within a small area, eventually restricting this investigation to
onc spot. Here he sniffed for 10 to 20 seconds, at the same time moving his lips so that
they rubbed against one another. He then lifted his head with the nose high and per-
formed “Flehmen” (sec IV. B. 1. a.) for about 10 seconds. Then sniffing was repeated
and again “Flehmen” followed. In most cases the sequence was performed 5 to 7
times. On some of these occasions, we could state that a bull who followed the track
of a cow performed these actions on the very spot on which the cow had urinated in
ritualized manner. A few single cows and several mothers with half grown calves
were cach patiently followed by a bull. One barely adult cow approached a bull
repeatedly and showed “prudity”. A mutual premating bond had developed between
five pairs in the area, and mating was observed once during the period.

Undoubtedly mating can also occur in one pair of rhinos on its own, without mani-
festation of sexual activity in other individuals of the area. This was c. g. the situation
with one incidence of mating in October 1964, onc in October 1966 and with one pair
in close premating contact in July 1965.

B. Behaviour patterns during the premating period

Recently Gobparp (1966) has described mating in the black rhinoceros in the
Ngorongoro Crater and Olduvai Gorge. As his observations are not in agreement
with ours in every respect, it seems justified to give a short description of the main
phases of premating as observed in Tsavo National Park East.
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1. Cantious appreach by the bull

When it is the bull who tries first to make contact, he follows the cow wherever she
gocs at a distance of 10 to 20 meters. When she stops, he approaches very carefully,
avoiding facing her or walking exactly in her direction. Sometimes, when he is quite
ncar, she steps slowly forward in intimated threar; then he turns away so as not to
clicit her attack. Sometimes, however, she will really rush at him snorting. Then he
will remain still, facing her, or, more frequently, will trot or even galiop off. Only
when she has stopped and turned will he follow her again, perhaps more carefully
than before.

2. Approach by the cow and *prudity” bebavianr

As has been mentioned above, we observed a small cow repeatedly approaching a
heavy bull. She faced him, came slowly closer, and when he advanced one step, most
probably with the intention of performing a nose 1o nose contact, she snorted and ran
off. The bull did not really follow her, but walked slowly in her approximate direc-
tion, feeding occasionally in between. The cow soon came back again and repeated
her approach, snort and flight. Once, when the bull tried to approach her, she rushed
at him, snorting violently. He remained facing her, but without showing signs of
aggressiveness. She again ran away and he followed slowly in her dircction.

3. Premating bond established

A premating bond develops between bull and cow. They remain together in their
daily activity, especially in feeding and resting; they may sleep in close contact tou-
ching one another, and the bull may even rest his head on the cow’s rump. There is
no longer any hostile tension between them, and in the casc of disturbance by man
the bull may defend the cow. As has been mentioned already, in Amboseli bull and
cow have also been scen in close contact outside the premating phase.

Sexually motivated activities during the premating period arc:

~ the cow urinates in ritualized manner, the bull sniffs at the cow’s urine and shows
“Flehmen™;

- the bull approaches the cow from behind and rests his head on her rump. This is
the first indication of mating intent. The second is mounting without erection,
whereby the pelvic region of the bull is not as near to the cow’s rump as in mating
itself.

4. Mating

During mating, which lasts from 20 to 40 minutes, the male shows a sequence of
behaviour patterns not mentioned by Gopparp which are repeated rhythmically over
a period varying from forty seconds to a minute: he adjusts his forelegs on the shoul-
ders of the cow, adopts an upright posture, and lifts his tail to an almost horizontal
position; this position is maintained for some seconds. Then the bull’s forefeet slide
down somewhar laterally, while he leans over the rump of the cow, whith his tail
lowered. After several scconds the rhythm starts again with the adjustment of the
forelegs. Most probahly this rhythm is correlated with the sequence of ejaculations.
During the second half of the copulation the cow was seen to walk some steps forward
or to turn on the spot; the bull is able to follow the movement without dismounting.
After mating, bull and cow were observed to feed near cach other and later to rest

fogether. But on other occasions disturbance by man or by other rhinos caused

disruption of the mating bond as will be shown in 5.
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5. Interference with the copulating pair

"The majority of the cows which we have observed in premating or mating contact

were accompanied by their half-grown calf. The mother-child-relation appeared

undisturbed by mating, and there was no sign of tension or even conflict berween
bull and calf.

During premating and mating, pairs scem to have a tendency to isolate themselves.
Several times we found a pair alone together in premating contact. Yet mating itself
was observed in places which exert a certain attraction on a plurality of rhinos, as ¢.g.
a wallow or a resting place next to a tree, where encounters with other rhinos are
likely to occur. Sclf-confident bull are not casily disturbed when mating; weaker
bulls also have 2 chance to mate, but are more susceptible to disturbance. The
following observations show these different possibilities.

Obs. Nr. 57: One evening at about 17.30 on a wallow a heavy bull was mating with
a mother accompanied by her calf. Another mother with calf came along a track
to the wallow, and without causing any disturbance, both newcomets wallowed on
one side of the large wallow while the mating pair stood on the other side. After
wallowing, mother and calf continued their trip, while mating continued.

Obs. Nr. 58: A comparatively small bull was mating with a cow accompanied by a
calf. After several minutes of observation when the cow began to take some steps
and the bull was no longer showing the typical mating rhythm, another mother
with calf approached, coming rapidly from behind a group of bushes. The bull
immediately dismounted and ran about 30 mtrs. away. Greeting was performed
between the mother-child groups. They then started to move, each group in its
own direction. Meanwhile the bull had returned. He first took part in the slow
movement of the cow with whom he had been mating, then kept nearer to the
other mother, and eventually he followed a direcrion between buth groups and
soon lost contact.

The approach by the other cow caused the bull to dismount and fiee, probably
because as a rather weak individual he had to take account of possible interference
by a stronger bull,

‘The flight reaction of a mating bull just mentioned, the response of bulls to “calling”

as described earlier (IV. B. 1. c.), and the encounter of two bulls of which onc had

been following a cow (Obs. Nr. 54), together suggest that competition between
bulls over a cow on heat does accur, but, that situations leading to such conflict are
rather unusual.

6. Supplementary remarks

It has been stated by several authors, e.g. RircHie (1963), Gucaissere (1966), that
mating is brought about by a very rough kind of courtship. Gopparp has already
corrected this statement. He observed only some harmless jabbing by the bull. In
the population of Tsavo East with its accentuated nomadism, tussles with horns
between a bull and a cow must be very rare. It did not occur among the many encoun-
ters and associations berween bulls and cows which we have witnessed.

GopDARD (1966) has observed bulls thrashing their heads from side to side and
dragging the hindlegs in a stifi-legged gait in the context of courtship. Undoubtedly
these are behaviour patterns which occur in the complex bull ceremony (see V. D.).
As stated carlier, this ceremony occurred in Amboscli in a situation which was
probably part of premating. In contrast, in Tsavo National Park East, we have obser-
ved the ceremony several times as a display of a bull on his own, but only once
part of it, that is nose-rubbing, in contact between bull and cow. We have no
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explanation for these differences of populations with regard to the occurrence of
male display.

Gucciseerg illustrates mating in rhinos with a photograph showing mounting
without ctection. This was probably a part of premating, as GopparD also repeatedly
observed mounting in this context.

Finally it must be mentioned here, that erection can oceur in bulls which are alone,
especially when rising after sleeping.

VIII. The mother-child-unit

A. First period after parturition

Parturition has been observed in captive black and Indian rhinoceros (Fausr 1938,
Lang 1961). We had no opportunity of observing partucition itself, or a mother
immediately after parturition when eating the embryonic membrancs. But we have
scen mothers with very young babies. On one occasion a mother was scen siill
licking her newborn baby.

We lack continuous observations of the development of a baby from birth and
therefore cannot correlate the following observations accurately with the age of
baby rhinos.

1. Moving and suckling

During the first period after parturition, mother and baby move to and from water
at reduced speed, especially in the very first days after birth as in the following
example:

Obs. Nr. 59: A mother with a very young baby was scen moving very slowly in a
northern direction after 12 o’clock in heat and sunshine. Most probably they had
watered at night and were on their way back to the Plateau. The baby was of a
very light grey colour, had not yet wallowed, and was not yet able to walk conti-
nuously. They moved very slowly and stopped every now and then while the mother
fed on twigs near the track. The
baby followed at her heels, and
whenever the mother stopped, it
tried to approach her nipples with
its mouth, adopting suckling posi-
tion which is almost at a rightangle
to the mother (Fig. 26). Somctimes
the mother stopped a2 moment to
cut off a twig and then walked on —
chewing. Her hindleg then pushed
the baby’s head off the nipple. But
nevertheless the baby tried again to suckle at each stop. Occasionally the mother
remained on the spot fora longer period, but it was impossible to find out whether
the baby could reallydrink. Atleastit had notlost its interest when the mother walked
again. After many efforts of the baby, the mother stood motionlessforabout 3 minutes
for suckling. Eventually it was the baby who was obviously satisfied and gave up
the suckling contact. Now the mother moved on, still slowly, but steadily and

* without feeding, and the baby followed closely. The mother was almost black in
the saddle region and on her sides. Obviously she had not wallowed for some time,

Figure 26, Suckling position of the baby,
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We observed several other mothers with babies lare in the morning at a distance of
6-7 kms from the river. They fed, wallowed and rested for a while, then continued
their trip in a northern direction when it was already hot. But in the majority of these
cases the baby did not show suckling intention continuously during the trip, and the
move to the first feeding and resting area was not as slow and as late as in the above
described case, which indicates that these babies werc already some days older.

2. Wallowing inbibition

Mothers with very small babies are never well coated with soil and dust. They seem
to abstain from wallowing, and visit wallows only to suckle and to rest. When a
mother visits 2 wallow, the baby is next to her and as soon as she lics down, the baby
follows suit. Obviously this situation results in an inhibition of the mother to wallow.

When the baby is somewhat older, the mother still wallows only on the side oppo-
site to the baby. A mother with the baby lying on her right side was scen to wallow
on her left side, then to rise and lic down on the right side of her rump, She then in-
deed showed initial movements of wallowing on her right side, but suddenly stopped
the movement and remained lying on her brisket. In another case a mother after
wallowing on one side, rose to her fect and turned on the spot through 180°, while
the baby remaincd lying. She then wallowed her other side. Most probably the inhi-
bition to wallow gradually weakens, but in addition the mother may learn to elude
her inhibition caused by the baby next to her.

B. A few wecks after parturition

1. Feeding, wallowing, resting and suckling

When still very small and most probably only a few wecks old, babies already feed on
plants. Feeding mood in the mother is usually transferred to the baby. But it scems
that the baby is not influenced in its choice of food plants. Babies were seen to feed
on thin single stems or twigs which did not intercst the mother. The baby moves
freely and quite independently, sometimes up to 25 mtrs. away from its mother.
When the mother discontinues feeding and walks determinedly in a new direction, the
baby will close up and then follows behind its mother.

Not only in feeding but in most other activities mother and baby appear as a unit,
and generally it is the mother who has the lead function. Wallows are visited by
mother and baby together. In comparison to the mother and to adult rhinos in gene-
ral, the baby lies completely stretched out on onc side of the body more often, and
for longer periods of time, but when sleeping for a long time, it adopts the same posi-
tion as an adult rhino.

Wallows are preferred places for suckling. Suckling often precedes wallowing and
resting. The wallow can also be visited for suckling only.

It seems that repeated suckling intention movements as described in Obs. Nr. 59
occur only in very young babies. In the majority of suckling scenes we could not
observe signals preparatory to suckling from the mother or from the baby. But it
might well be that the soft bleating noisc by which tame rhinos beg for food, is
originally a signal of the baby asking for milk. As we were rather anxious not to
disturb mothers with babies, we did not approach them too closely and may therefore
have overheard such a sound.

Finally it should be added that during a short rain shower we observed a baby
lying next to its mother on a wallow, and licking the rainwater which ran down its
mother’s side.
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2. Play and exploration

Sometimes when the mother is feeding or moving slowly, the baby docs not partici-
patc but indulges in locomotion plays of its own. It gallops on ahead, turns back and
passes near its mother several times. The loop may lead as far as 30 or 40 mtrs, away
from the mother. Occasionally the baby changes from gallop to trot and once after
such play a baby came close to its mother and butted her breast, forelegs, and brisket
in play.

In similar situations when the mother is feeding and moving slowly, the baby
may venture around her, sniffing at plants or at the soil. The distance berween mother
and baby may be as much as 30 mtrs. This type of activity might be defined as playful
exploration.

3. Reactions to man

It scems that very small babies do not react independently to stimulation by man.
Their responses in the presence of man are clicited and formed by those of the mother.
The following observations illustrate this statement:

Obs. Nr. 60: One day we drove on the Malindi track and passed near a mother with
baby. When we stopped, the baby was closer to us than the mother, and it listened
with its head lifted. At this moment the mother who had been some meters away,
rushed forward in our direction, covered the baby in threatening posture, and then
fled with tail up, the baby following at her heels, now also with its tail up.

Obs., Nr. 61; We observed a mother with a very small baby for some time. When
they advanced very slowly in our direction, we withdrew and climbed the next
tree. The mother fed from time to time. The baby occasionally walked in front
of the mother, then waited again, and followed behind her. When they were
reached by our scent, the mother first reacted by raising the tail, puffing, and then
uttering the long snort while in imposing posture (see IV. B. 1. a.}. The baby came
close to her, now also lifting the tail, whereupon both passed aear us, the mother in
front, trotting with very short steps, obviously adapting her speed to her baby’s
capacity to run.

When the tame rhino “Rufus” was found as an abandoned baby, he was not afraid of

humans. On the contrary it tricd to approach them while bleating (D. SueLbRICK,

D. KearNEy, personal comm.).

This observation, as well as the local tradition in the reactions of rhinos to man,
corroborate the assumption that these reactions are shaped in the baby mainly by its
mother.

C. Further development of the mother-child-unit

1. Suckling

Babies suckle in standing position (Fig. 26). When grown to the size of a calf, they lie
down for suckling, still oriented almost at a right angle to their mothers.

With the exception of the first days after birth where shorter suckling scenes were
observed, suckling takes about four minutes each time. We do not know at which
intervals the baby or the calf suckles each day, but as babies were more often seen
suckling than calves, we assume that these intervals are shorter in babics. Also we
do'not know when and how the suckling period definitely comes to an end. No special
weaning cffort by the mother is nceded, because suckling is impossible for the lying
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calf if the mother does not stand still, The largest calf we saw suckling must have been
about one year old.

2. Lead function of the mother

The relation between mother and offspring does not undergo conspicuous changes
during the 2-3 years of its duration. In completely relaxed situations the calf also
appears more independent in its movement than in tensc situations as has been
described for the baby. But play activity has not been observed in calves. Obviously
walking, trotting and galloping are used by the calf every day as instrumental func-
tions. When mother and calf are moving steadily, the mother usually takes the lead.
Mother and calf — and even subadult — use the same wallow together. In encounters
with another mother-child-unit, the mother first takes up contact as described in V1.
B. She explores the actual social situation and thus protects the calf. Only after this
first phase does the calf also enter into direct contact with the strangers. Especially
when on or near a wallow, the mother first explores the situation, covers the calf, or
competes over the wallow. This role of the mother was also observed in encounters
with elephants.

3. Reactions to man

The most striking difference between baby and calf is to be found in the reaction to
disturbance by man. The screeching of the tickbirds or the noise made by man, imme-
diately elicit suspicion and alarm in the calf, whereas babics are alarmed by their
mother only. The calf often appears more excited than its mother. It will lift head
and tail, erect the ears, and focus them in different directions to localize the disturber,
and stand at an angle 1o the mother, which results in the fan position typical for
alarm (sce Fig. 19).

When feeing, cither mother or calf may start first. But even when the mother
starts first, the calf will flec in front for 50 to 100 mtrs. and the mother will cover the
flight. Later the mother again takes the Jead.

A bluff attack by the mother has been obscrved three times. Each time we were
driving rather quickly on a tortuous track and suddenly and unexpectedly found
ourselves in front of a mother with calf, they as surpriscd as we were. The mother
cach time performed a short rush and turned immediately afterwards and fled with
the calf.

4. Weakening and disruption of the bond between mother and calf

As has been pointed out, mothers normally mate again when their previous calf is
about 1/, to 3/; grown, that is between 1 and 2 years old. Mating does not distupt the
mother-child-bond, but when the new baby is born, the former offspring, by then
214, to 31/, years old, has become independent.

The mother rejects her subadult offspring when she is near to parturition. We did
not however observe this.

In a population with rather stablc home ranges as in Amboscli and Ngorongoro
Crater, former offsprings may later join the mother and her younger calf again. In
the nomadic population of Tsavo East, on the other hand, this is unusual. In this
region the permanent association between two cows of different age, or between a
cow and a subadult animal was more often seen, The distance between two such part-
nets when feeding was sometimes greater than between mother and calf; the toles of
leading and following suit were often interchanged. In a few cases cach partner
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wallowed independently as evidenced by different coloration, Most of these associa-
tions were probably mother-child-units which persisted because the mother had no
further haby. Of the group of three animals which we often observed in Amboscli,
the mother and the daughter always wallowed together, but the subadult son who
often joincd them, was seen to wallow simultancously at another place.



SUMMARY: THE WAY OF LIFE OF THE BLACK
RHINOCEROS

In carlicr reports, interest in the black rhino appears to have hc_cn cpnccmratcd on its
irritability and aggressiveness in ¢ncounters wnth' man, In attributing an aggressive,
bad, and dangerous character to the rhino, the rhino-hunter could present himself as
! hs?ir:éc behaviour and ccology of mammals have been studied syste{mtically, the
rhino has also become the object of a more scientific appl:oach. But until recently the
aggressiveness of the black rhino has still been emphasized, deadly fights between
bulls, severe fights berween bull and cow and even between clephant and rhino have
all been reported. In addition, attention was pfud to sensory capacitics, to the hfcdu}g,
scent-marking and wallowing habits of the rhino. Some authors attributed territorial-
ity to the rhino, others maintined that the rhino has 2 rigidly fixed daily activity
program within a rather limited home range. i

In the course of this systematic investigation of behaviour and ecology of the black
rhino, carried out between January 1963 and October 1966, many of tl‘rc abovc'dcs-
cribed characteristics of the black rhinoceros have flppcnrcd in a different llght.
Attempts were made to analyse function amfl motivation of a number of behaviour
patterns and the ecological position of the thino has been outlined.

Asfor the clephant, the only enemy of the rhino is man..lts sensory organs are not
developed for detecting an cnemy ata dismnc‘:c. They are _pnmanly organs‘funcnon.mg
in intraspecific communication and contact, in the selection of food, and in the orien-
tation in the environment. ) )

Since man has developed into a dangerous enemy of the species, the black rhino
has built up special responses to man. It is not quite clear which components of these
responses are innate, and which are transferred by t_radmon from mnthe.r to oﬁ'spr!ng.
The acute smell of the rhino has become the most important sense for its protection,
but it only functions when the rhino is downwind of man. The rhino has developed
yet another response to the approach of man as a pot‘cntx‘al enemy; this is its reaction
to the acoustical alarm signal of the oxpeckct.. Thl§ signal alsf) rc!egs_ies an ala'rm
response in the rhino which consists of immediate flight, or of inquisitive attention
and exploratory behaviour which can lead to cither quiescence, flight or attack.

The black rhino is not gregarious. Mother and child form a stable group. It is
dissolved when the mother is again near parturition.‘ Male and female associate only
temporarily; usually no strong individual bond exists between them. The almost
solitary way of life of the rhino requires an eflicient system of communication within
the population. By ritualization, the acgdenta! production of scent traces has been
developed into a scent-marking and trail-marking system. i

This system brings about ‘indirect” encounters, whereby the scent marks substi-
tute for their producers. The reactions of the rhino to scent-marks including compo-
neats of ritualization, appear in fact derived from responses in the direct intraspecific
encounter. The scent marks represent the producers, and the reactions of the rhino
to scent marks are in fact derived from responses used in "direct"' encounters between
animals. Undoubtedly the scent- and trail-marking system is multifunctional. It resules

in impregnating the whole living space of a rhino population in a very differentiated
manner,

wf
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Rhinos do not live in territories. In a region in which the feeding areas extend over
many kilometers away from permanent water, the rhinos live as nomads, and all the
feeding areas, slecping places, wallows, tracks, and watering places are used by many
differcnt rhinos. Impregnation with scent will give special stimulus values to all the
different componcnts of the living space, thereby facilitating orientation. It has thus
a complex guiding function in the daily activity of the rhino.

The young rhino is never integrated into a herd as are the offspring of gregarious
ungulates. During the period of dependence, while forming a behaviour unit with
its mother, it is introduced and integrated into the living space of the population with
its complicated sociological structure,

Most of the larger African mammals live in the grassland or.in zones of transition
between grassland and primary forest, the different types of savannah. In the grass-
land proper, the number of species is relatively small, concentrations of animals are
temporarily high and seasonal migration of herbivores is prominent. In transitional
zones large scale migration and large concentrations of animals are rare, but the
number of species is relatively high. The large herbivores, by their special way of life,
contribute to open the forest or at least to limit its expansion and thus maintain their
own living space. The black rhino is onc of the species living in the transitional
habitat between grassland and forest.

In this context the elephant should be mentioned as the only mammal species that
really breaks into the forest on a larger scale and opens wooded country to the vege-
tation and the animals of the savannah. The rhino benefits from this activity of the
clephant, perhaps more so than do other species. It uses the tracks which the ele-
phants develop. But in a savannah as in Tsavo East, clephants and bush fires suc-
ceed in converting the vegetation of a whole region from trec- und bush-savannah
into open grassland. It is still an open question whether a rhino population can
survive this transformation of its habitat. Under natural circumstances a new
generation of clephants might migrate to another area and the bush could recover.
But with the spread of human scttlement and cultivation there is not much space left
for the emigration of elephants. It may therefore be the task of man as a conservatio-
nist to actively maintain a certain natural cquilibrium within the wildlifc sanctuaries.
The survival of an endangered specics of the large mammals, the black rhinoceros, is at
stake.



ZUSAMMENFASSUNG: DAS LEBENSBILD DES
SCHWARZEN NASHORNS

In friheren Berichten wird das Schwarze Nashorn meist als reizbares, gefihrliches
Ungeheuer geschildert, und sogar noch in Publikationen der letzten Jahrzehnte klingt
diese Note mit. In jiingerer Zeit haben die Sinnesfabigkeiten der Nashérner und
manche ihrer Verhaltenseigentiimlichkeiten vermehet Beachtung gefunden. Gelegent-
lich wurden Beobachrungen wenig kritisch interpretiert. So wurde ctwa vom Mar-
kicrungs-Verhalten auf Territorialitit geschlossen, oder von der Existenz gut ausge-
tretener Wechsel und viclfach beniitzter Trinken und Suhlen auf raum-zeidich starr
festgelegte Tagesabliufe mit tiglichem Marsch zur Trinke.

Die vorliegende Untersuchung befaBt sich sowohl mit der ockologischen Rolle
des Schwarzen Nashorns als auch mit seinen Verhaltensweisen und versucht, ein
zutrefiendes Lebensbild zu crarbeiten.

Keine Raubtierart gefihrdet das Schwarze Nashorn in seincm Artbestand, und
dementsprechend sind scine Sinncsorgane auch nicht fiir allseitige Sicherung auf
groBe Distanz eingerichtet. Daher kommt die weitgehende Schutzlosigkeit der Art
gegeniiber menschlicher Verfolgung. Immerhin hat das Nashorn in Gegenden, wo cs
gejagt wird, gewisse Schutzreaktionen entwickelt. Vor allem, wenn es Witterung
vom Menschen erhile, flieht es in groBer Erregung. Damit ist es aber nicht gegen
Anniherung unter dem Wind gesichert! Gegen diese Gefahr zeigt es cine Reaktion,
welche den Gesichtssinn des Madenhackers (Bupbagus) ausweriet! Es reagicrt auf
dessen Alarmruf, und zwar erscheint es dabei stirker beunruhigt, als wenn es cinen
Menschen selbst sich bewegen oder sogar sprechen hért. Kommt es zur Stdrung
durch den Menschen, ohne daB dessen Geruch mitspielt, so kénnen recht verschiedene
Reaktionen cintreten. Meist reagiert das Nashorn zuerst mit Aufmerksamkeit und
aktivem Explorationsverhalten; als zweite Phase der Reaktion kommen Beruhigung,
neugicrige Kontaktaufnahme, Flucht oder - in seltenen Fillen - Angrifi in Frage.

Da die Nashirner wenig gesellig leben, bedarf die Population cines leistungs-
fihigen internen Verbindungssystems. Ritualisation der Kot- und Harnabgabe
gestalten die Geruchsspuren zu cinem geordneten System der “geruchlichen Markie-
rung”. Dieses gewihrleistet “indirckte” Begegnung innerhalb der Population.

Das Schwarze Nashorn lebt nicht territorial. Besonders in Gegenden, wo wihrend
des grofiten Teils des Jahres Wasser und Weidegebicte weit auscinanderlicgen, ist
scine Lebensart betont nomadisch, Es kommt nur alle paar Tage zum Wasser, und
die Trinkstellen, FreBgebicte, Wilzplitze und Wechsel eines Gebictes werden von
vielen verschiedenen Individuen beniitzt. Geruchliche Markierung stattet den ganzen
Lebenstaum mit einem differenzierten System von Impulsquellen aus und leistet so
cinen Beitrag zur zeitlichen und riumlichen Steuerung der Aktivitat. Entgegen der
verbreiteten Ansicht sind Intoleranz und Aggressivitit beim Schwarzen Nashorn
nicht besonders ausgeprigt und ernste Kampfe selten. Sowohl hinsichtlich des Noma-
dismus wie auch mancher Reaktionsnormen bestehen zwischen einzelnen Populatio-
nen Unterschiede. Derartige lokale Traditionen werden in der Mutter-Kind-Gemein-
schaft weitcrgegeben.

Das Schwarze Nashorn bewohnt den Ubergangsbereich zwischen der offenen
Steppe und dem cigentlichen Wald. In diesem Lebensbereich spiclt der Elefant cine
wichtige Rolle. Er bricht in dic Grenzzone des Waldes ein, ja dringt diese zuriick und
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offnet so fiir das Nashorn und die von ihm benétigre Vegetation den Raum. Anderer-
seits kann ein groBer Elefantenbestand zusammen mit Steppenfeuern dic Baum- und
Buschkomponente der Vegetation ciner ganzen Landschaft weitgehend zerstiren.
In fritheren Zeiten haben sich die Schwerpunkte der Elefantenbesiedlung vermutdlich
dauernd verschoben. Auf Phasen dichter lokaler Besiedlung mit betriichtlicher
Reduktion der Baum- und Buschvegetation folgten Abwanderung der Elefanten und
Wiederaufbau des fritheren Vegetationstypus. Das ist heute nicht mehr miglich; nur
noch recht begrenzte Gebiete stehen den freilebenden Elefanten zur Verfiigung. Die
Iinengung sciner Populationen auf zu enge Lebensraume droht, tiefgreifende Ver-
inderungen des Biotops hervorzurufen. Thr AusmaB und besonders auch ihre Aus-
wirkungen auf das Schwarze Nashorn sind noch nicht vorauszusehen. Griindliche
Uberwachung der betreffenden Gebiete ist unerlidBlich, und vielleiche ist cin Dauer-
zustand, bei dem auch das Schwarze Nashorn gedeiht, nicht mehr miglich ohne
wohlabgewogene hegerische Eingriffe scitens des Menschen,



RESUME: LE MODE DE VIE DU RHINOCEROS NOIR

Ce travail traite non sculement de la niche écologique du rhinocéros noir mais
également de son comportement. Aucun grand prédateur ne peut mettre le rhino en
danger. De ce fait on comprend pourquoi ses organcs de perception ne sont pas
évolués de maniére qu'il peut se couvrir dans toute les directions. Clest ici qu'il faut
chercher Porigine de la vulnérabilité du rhino  Pégard de 'homme. Toutcfois dans
les régions od il est chassé, le thino a développé des réactions protectrices. Lorsqu’il
pergoit Podeur de 'homme, il s’enfuit en ¢tat de grande excitation. Mais de cette
fagon il n’cst pas protégé contre quelqu’un s’approchant sous le vent. Dans ce cas le
thino réagit au cri d’alarme des pique-boeufs (Buphagus) et 2 ce moment il est plus
inquict que lorsqu'il entend ’homme lui-méme. En cas de perturbation par 'homme
sans implication de 'odeur humaine, le rhino réagit de différentes maniéres: normal-
ement il est d’abord attentif et exploratif; par la suite, soit il se calme, soit il essaie de
prendre contact, ou bien il s’enfuit ou ~ rarement - il attaque.

Comme les rhinos sont peu sociaux, les individus d’une région ont hesoin d'un
systéme de liaison interne. C'est par ritualisation de la défécation et de la miction que
les teaces olfactives forment un systéme de marcage qui assure les rencontees “indi-
rectes” entre les membres de la population.

Le rhinocéros noir nc défend pas un territoire. Dans des régions ot l'eau est &
grande distance des paturages durant presque toute I'année, le rhino est un nomade.
Tl nc va i Peau quc tous les 3 4 6 jours et tous les abreuvoirs, les paturages, les souilles
ct les passées sont fréquentés par beaucoup d'individus difiérents. Les marques
olfactives appliquées A tout I'envitonnement constituent un systéme d'impulsions qui
contribuent A diriger I'activité des rhinos.

En dépit de Popinion générale le rhino n’est ni spécialement aggressit ni intolérant,
ct des duels séricux sont rares. En ce qui concerne le nomadisme et certaines formes
de comportement on observe des différences marquées entre les groupes de différentes
régions. Ces traditions Jocales sont transmises de la mére 4 son petit.

Le rhino noir vit dans une zone transitoire entre la savane et la haute forét. Dans
cette région ’éléphant a un role écologique important. 1l pénétre dans la zone margi-
nale de la forét, la repoussc et crée ainsi un espace vital pour le rhino et pour la végéra-
tion dont eelui-ci 2 besoin. Par contre un peuplement dense d’éléphants joint aux feux
de brousse détruisent les arbres et les buissons. Autrefois les populations des élé-
phants teanshumaient continucllement et facilitaient ainsi la régénération de la végéta-
tion. Aujourd'hui les régions 4 la disposition de I'éléphant sauvage sont limitées ct
ses migrations bloquées. Par conséquent ses populations exercent unc pression
petmanente sur la végétation causant ainsi des changements profonds du biotope.
L’efict de ces transformations sur le maintien du rhino noir ne peut étre prévu. La
surveillance continuelle des régions en question est indispensable et il se peut bien
que le maintien d’une population équilibrée de rhinos ne sera possible que par des
efforts continucls de conservation.
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