HOME RANGE, BEHAVIOUR, AND RECRUITMENT RATES OF
TWO BLACK RHINOCEROS POPULATIONS

John Goddard, Biologist, Ngorongoro Conservation Area

SUMMARY

During the period 1964 — 1966 biolo-
gical studies were conducted of two
black rhinoceros Digeros bicornis L.
populations in northern Tanzania. One

opulation occupies the caldera of

gorengoro and the other the area in
the vicinity of Olduvai Gorge, Detailed
records were made of each rhinoceros
cobservation and 182 individuals were
seen in the two study areas during the
three-year period.

The black rhinoceros is a very seden-
tary species, and the gize of the home
range i governed by several factors
which are desecribed in the.text. The
home range of an immature rhinoceros
ig larger than that of an adult indivi-
dual. The adult rhinoceros, especially
the male, iz essentially a solitary ani-
mal, but immatures frequently join up
with a companion,

Activity patterns are described and
Mustrated, and are similar in the two
study areas. Behaviour of the species
follows well-defined patterns, and terri-
torial behaviour is uncommon. Vocal
communication in the species is des-
cribed, The significance of dung piles,
used regularly by the species, iz consi-
dered and the results of experiments
using faecal samples are described.
Relations with two carnivores are
discussed,

The recruitment rates of the fwo
populations are almost identical, ie.
70% at Ngorongoro and 7.2% at Qldu-
vai. Various reproductive characteris-
ties affecting recruitment rates, such as
age at maturity, gestation period and
interval between successive calves are
described using records cbtained from
zoological gardens and from field
observations.

The results of the studies indicate
that the rhinoceros population of the

Ngorongoro Conservation Area is con-
slderably higher than was formerly be-
lieved, The future of the species in the
area appears favourable, providing its
habitats are not destroyed through en-
croaching cultivation.

INTRODUCTION

During the period 1964 - 1966 an eco-
logical and ethological study was con-
dueted of two discrete black rhinoceros
populations in Tanzania. One population
occupies the caldera of Ngorongoro
and the other occupies the area in the
vieinity of Olduvai Gorge. Individual
recognition of rhinoceros was achieved
by a method involving the use of a
photographic record system (Goddard,
1666). '

During the study a total of 108 differ-
ent individuals were seen on the floor
of the Ngorongoro caldera, which
covers an area of 102 sq. miles. How-
ever, on only 14 occasions were animals
geen on or adjacent ¢ the rim of the
caldera, and these were all individuals
which had not been recorded on the
floor or walls, Thig evidence suggests,
therefore, that the population on the
floor and walls iz resident within the
caldera throughout the year, The study
area at Olduvai iz 170 sqg. miles and
supports a population of 70 animals.
The estimated density of the popula-
tion at Ngorongoro is one rhinoceros
per 1.2 sq. miles, and at Olduvai one
per 2.5 sq. miles.

The two study areas vary consider-
ably. The caldera of Ngorongoro con-
sists mainly of open grassland inters-
persed with numerous marshes. Leral
Forest, a small patch of Acacia wantho-
phloe Benth. woodland, supporis a
very high rhinoceros population, Water
is widely dietributed and relatively
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abundant. The walls of the caldera con-
sist mainly of scrub, with some high-
land forest on the eastern and south-
eastern parts. Typical shrubs growing
on the walls are Lippic {wvwnica
(Burm.f) Spreng., sodom-apple Sola-
man dmeanwm L. and Aspilio pluriseta
Sehweinf. Annual mean rainfall on the
floor of the caldera ig 26 in.

The study area at Olduvai on the
eastern part of the Serengeti plains is
more typical of the thornbush habitat
of the black rhinoceros in Masailand.
The area is bigected by the gorge which
is covered in Acacic - Commiphora
gerub, with extensive growths of wild
sisal Sanseveria ehrenbergii Schwelnf.
The rest of the gtudy area consists of
open plaing covered with short grass-
Jand. Typical trees of the area are Aca-
cia tortilis Forsk. and Commiphora
merkeri Engl. The mean annual rain-
fall at Qlduvai is 16 in., and water
supplies are sparse.

Over the three-year period a detailed
record was made of each rhinoceros
obgervation and the following data
eollected. The rhinoceros was identified
and the date, time, location, activity of
the animal, group association, habitat
description and meteorological notes re-
corded. Other notes, such as the condi-
tion of the animal, pattern of water
distribution and the presence or absence
of avian associates such as the red-
billed ox-pecker Buphagus erythorhymn-
ohus Stanley, were also collected, TIf
the rhinoceros was feeding, it was
watched for one hour, and the plants
which it selected or rejected were col-
lected and identified. The results of the
food-habit studieg will be the subject
of a separate paper.

The terms “adult” rhinoceros and
“ymmature” rhinocerog are used fre-
quently throughout this paper. An aduit
animal iz used to indicate a full-sized
animal, An immature animal is one
that is less than full-gized which has
left its mother, A calf is considered to
be an immature animal which is still
with its mother, “Enown age” rhino-
cerog are being marked in the caldera
and seven of these individuals have
been marked to date. Eight ‘“known-
age" calves have been photographed

every month over a two year period to
provide data on growth rates,

Homy RANGE
Method

The position of each rhinoceros
obgerved wag either pin-pointed on an
aerial photograph, or itg position estab-
lished by sighting azimuth bearings
from three known points on the ground.
The size of the home range was calen-
lated by computing the area of a poly-
gon which resulted from connecting the
peripheral points of observation of the
individual, Size of home range is
governed by several factors, which are
ag follows:

Sex and age class

The mean area of home ranges (in
sq. miles) of the two populations is as
follows. The figures are calculated from
data collected on 66 individuals,
(Figures in parentheses following the
sex indicate the number in the sample.)

Ngorongore
Adult & (18) 6.1

(range 1-17.0)
Adult 9 (18) 5.8

(range 1-10.1)
Imm, & (2)  13.9

(range 5.4-22.4)
Imm. ¢ (D) 10.7

{range 5.5-22.4)

Qlduvai
Adult ¢ (11) 8.5
(range 2.1-20)
Adult ¢ (13) 18.7
(range 1.4-35.0)
bnm. & (2) 14.5

{range 1L.0-18.1)
Tmm, ¢ (2) 8.4
(range 2.9-14.0)

Habitat

This factor is based on a sample of
gix adult animals (three males and
three females) from each of three habi-
tat types:1) Lerai Forest-green food
abimdant and water present through-
out the year; 2) Central Ngorongoro -
open grassland with seasonal marshes;
3) Olduvai - dry Acacia - Commiphora
hushy water su(?plies very sparse and
widely scattered. : ‘
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Location . Mean home range
(59, miles)
Leyal Forest = 1.0
Central Ngorongorg 6.0

Olduval 11,7

Time of year

Thig factor is based on a sample of
four animals (two males and {wo
females) from each of three habitat
types at Ngorongoro according to the
seagon of the year:

Location Nov.-Apr, May-Oot.
{wet) {dry)
Lerai Forest = 1.0 = 1.0
Central Ngorengore 10.7 6.0

Floor-wall 6.9 4.2
(grassland and scrub) .

Night observations of home range

Only 20 observationg of rhinoceros
were made at night (Table 1), involving
eight animals which all stayed within
their established home ranges during
the hours of darkness,

Long texm observations of home range

It is probable that adult rhinoceros
remain attached fo their small home
range for their entire life, unless trans-
located by man, Not only were indivi-
duals always seen in their particular
small area during the study but evid-
ence collected from past years supports
this hypothesis, Photographs of 14 dif-
ferent rhinoceros taken at Ngorongoro
from two to ten years prior to the study
were obtained; ten of these could be
identified as animalz still present. In
gseven cases the location in the caldera
could alse be identified, and in every
case the rhinocerog wag within the
home range it occupied during the
study.

Overlap of home ranges

Home ranges of individuals can over-
lap to & considerable extent, even
among adult males. One in Ngorongoro
shares 40% of his home range with an-
other adult male, In five adjacent
ranges on the caldera floor a mean of
35% of each range overlapped with one
or more other ranges. ‘

Seasonal movements within home razge

- The proportion of the home range
which is utilized is considerably greater

during the wet -season (see above)
because of the larger variety of palat:
able plants available at this time of the
year, Clover Trifolium masaiense Gil-
lett is extremely palatable to the black
rhinoceros, but only at the stage when
it is green and succulent; most of the
home ranges in which this and other
legumes oceur are covered extensively
by the rhinoceros during the period
February-April, In the dry season when
the plaing herbs are dry and sterile the
rhinoceros tends to occupy only the
part of its home range in close vicinity
to marshes and water This explains
why it is not uncommon for a visitor
to see 30-35 rhinoceros at Ngorongoro
in one day during the wet season, but
only 5-6 during the dry season.

Some rhinoceros tend to be very re-
gular in their movement patterns with-
in, their home range. Of the animals
for which more than 40 observations
are available, approximately 20%
could be regularly observed in the
game place at the same time. The re-
mainder tended to be more irregular.

Discussion

The data given in the preceding
sectiong indicate that the black
rhinocerog is a very sedentary species,
but it appears that the size of the home
range varies considerably according to
the availability of food and surface
water, In Lerai Forest where there is
a supply of green food and water
throughout the year, the specieg is
extremely sedentary and densities can
be as high as 23/sq. mile. Only six of
the 23 animals which have been seen
using the forest have sver been seen
outside and the remaining 17 could al-
ways be located inside. At Olduvai
where water supplies are widely scat-
tered the mean home range ig consider-
ably larger. FHowever, there is some
evidence from Olduvai that some rhino-
ceros can survive without free water,

In general immature animals cover a
larger home range than adults (see ‘sex
and age class’). When the rhinoceros
givey birth to a new calf she will not
tolerate the presence of the previous
calf (see section on group structure p..
138). The discarded calf tries to join up
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with another rhinoceros as soon as Pos-
sible, and if tolerated it normally stays
with' its new companion, The immature
animal may join with an adult whose
home range overlaps its own, but which
extends further afield, The movements
of the immature animal are églverned
by the adult, thereby extending the
former's range into new areas, The
obgervations also indicate that imma-
ture rhinoceros, even when solitary,
tend to wander further than adults.
These factors (the larger home range
of the Immature animal, and the into-
lerance of the mother for her old
offspring) may serve an evolutionary
function, assuring population dispersal
in a species which is very sedentary and
therefore susceptible to the effect of
inbreeding,

Because of the fact that the rhino-
ceros tends to remain attached to some
particular area, the claims of some of
the older residents of East Africs that
the species has been completely shot
out in some regions are probably true.
Population dispersal from adjacent in-
accessible areas into the available
niches created by mortality from hunt-
ing is probably extremely slow; it can
be seriously questioned if it occurs
at all among the surviving adult
population. '

The gedentary characteristic has ad-
vantages and disadvantages for the con-
servation of the species, which may be
expected to survive in small isolated
populations in suitable habitats, even
though surrcunded on all sides by culti-
vated areas. :

Boundaries of national parks and
game regerves are usually established
by some convenient reference to topo-
graphys roads or watercourses, and
rarely consider migratory patterns of
the animalg which utilize the park. The
black rhinoceros is a species which may
be least affected by this and it would
be expected to receive adequate protec-
tion in well-patrolled game parks. How-
ever, the regular habits of some indivi-
duals make them extremely vulnerable
1o poaching by men who are familar
with their habits and daily movement
patterns, '

ACTIVITY PATTERNS

When a rhinocerog was observed, its
major activity at the time was noted.
Four major activities were recorded,
ie, feeding, walking, sleeping (lying
down) and standing, and other activities
such ag wallowing, drinking, fighting,
mating and defecating were noted when
obgerved. In this way 2227 different
activity observations were made in the
two study areas during the three-year
period, The total number of observa-
tions during each one-hour period of
the day was obtained from the field
records, and the percentage of these
observationg occupied by the major ac-
tivities ig shown in Tablies 1 and 2.
Observations of maleg and females are
considered separately, and the records
include adults and immatures.

Tigure 1 iHlustrates the diurnal acti-
vity pattern of the two populations; the
data from Tables 1 and 2 are used to
show, in relation to the time of day,
the proportion of observations in which
animals were active (feeding or walk-
ing) or inactive (sleeping or standing).
It can be seen that from 0600-0700
hours over 80% of all the rhinoceros
were active, but by 1200 hours this
figure had dropped to about 30%. Bet-
ween 1100-1400 hours there was a
slight rise in activity, followed by a fall
to the previcus level, After 1400 hours
the activity rose steadily, approaching
1009% by 1900 hours, The limited num-
ber of nocturnal observations(20) sug-
gest that the majorit of the
population ig active at night, although
some individuals gleep during the hours
of darkness.

Wallowing

More than 90% of the obsgervations
of wallowing rhinoceros were recorded
between. 1600 and 1800 hours. The
wallowing animal usually smearg itself
with mud on both sides of its body, and
gometimes rolls over on to the spine.
This is undoubtedly 2 method of cool-
ing, and digposes of excess heat accu-
mulated in the body during the day.

Resting
The absence of shade does not appear
to affect the black rhinocerog adver-
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gely. At Olduvai individuals have been
observed lying in extremely hot sun less
than 20 yards from ample shade offer-
ed by an umbrella acacia, However, the
animal shows a marked preference for
“gleeping in sand or dust depressions,
and will frequently use the same bed
for resting.

Resting rhinoceros usually lie up-
right on their sternurn; lying on ibe
gide iz seen much less frequently (0.5%
of the observations) and usually in cal-
ves. Resting rhinoceros stand at
regular intervals, apparently to relieve
the somewhat cramped posture of ster-
nal recumbency. One resting rhinoceros
wag watched continually for a ten hour
period, Approximately every 90 minutes
the animal stoed for periods of 10-156
minutes, before relazing again into the
typical resting attitude,

Walking and feeding

During the wet season most of the
rhinocerog at Ngorongoro make exten-
sive uge of the plaing part of their home
range, feeding on clover or the new
flush of green shrubs. Thus they are
out in the open and relatively easy to
observe, When sleeping or resting,
which they often do for most of the
duy, they remain in the open. In the dry
season the “‘central” population ig still
loeated in the centre of the caldera, but
they spend a considerable amount of
time in the marsheg feeding on aguatic
plants. Little use is made of the plains

art of the home range as palatable

resh shrubs are not available, In the
morning they lie down in the marshes,
frequently among tall reeds, and thus
are difficult to see. Part of the “peri-
pheral” population descends onto the
caldera floor at night in order to obtain
water. In the wet season the plains part
of their home range containg luxuriant
growths of clover and sbrubs, and they
feed on the plains area, sometimes all
night, Tn the early part of the morning
they lie down where they have been
eating. In the dry season, although
gome come down. to obtain water, there
is very little palatable food on the
plains, They thus return well before
daybreak to the thick growth of shrubs
on the ealders slopes to feed, and by

the time they lie down they are usually
among dense bush and thug concealed
from view. However, even at the height
of the dry season, they can still be
located on the caldera walls. A similar
pattern, with regard to the use of the
bush. and plains part of the habitat,
existy at Olduval,

GROUP STRUCTURE

Composition of group structure of the
two rhinoceros populations is shown in
Table 3. As shown in the table, the
adult male rhinoceros is essentially a
golitary animal; however it is seen with
other animals of both sexes and all
ages, One adult male at Ngorongoro
wag seen regularly in the company of a
15 month female and another has, at
different times, been seen with five
different females, The adult female also
tends toward a solitary existence with
her calf, but not as much as the adult
male; the adult female is usually more
tolerant to the presence of another im-
mature animal other than her calf.

Immature rhinoceros  are  seen
alone but attach themselves to
other individuals, egpecially other im-
mature animals and adult females, as
frequently as possible, This ig very
apparent at Ngorongoro (see Table 3),
and to a lesser extent at Olduvai, but
the smaller number of observations in
the latter study area prevent an ade-
quate comparison. The largest group of
rhinoceros I have seen together con-
sisted of 13 animals, but the group dis-
panded after two hours into solitary
animals and groups of two and three.

As mentioned earlier, the female
rhinoceros will not tolerate her old calf
when the new offspring arrives, This
has been witnessed on 13 occaslons in
the two study areas. In each instance a
fernale was observed in company with
her very large calf, On subsequent dates
the calf was observed by itself. An
intengive search for the mother pro-
duced, on all occasions, a record of her
with a tiny new calf. The discarded calf .
invariably sttempts to join up with a
new companion as soon as possible.
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BEHAVICUR

Greeting behaviour of rhinoceros
follows a well-defined pattern and when
the apparent intruder has been accept-
ed, or its close presence tolerated, the
interest of the individuals in one-an-
other gives way to indifference or mu-
tual tolerance,

Greeting between male and female

When an adult male encounters a
female, either or both animals may
emit the characteristic “puffing snort”,
The male then approaches the female,
taking short cautious steps, occasion-
ally thrashing hig head from side to
side in a sweeping motion or “rooting”
the alr with the anterior horn. If the
female responds, either by approaching
the male or charging him, the Ilatter
wheels around and gallops in a small
circle, only to return to the female with
the cautious short step approach. The
male occasionally feeds durihg the
approach to the female, This behaviour
continueg for several hours, until one
of the animals walks away. Aggression
of the adult male towards the calf
sometimes occurs, The calf usually
stays near the female, but if the female
ig distracted the male may attempt a
charge at the calf, On one occasion, the
adult male concerned. separated the calf
from the female, and proceeded to
chage it, jabbing its anterior horn vici-
ously between the calf’s hind legs. The
male finally knocked the calf over, and
gored it between the hind legs. Only
when the ealf started to squeal did the
female take offensive action against
the male,

Greeting between females

When two females meet there is little
aggression, but the approach to one an-
other iz extremely cautious, When con-
tact is made they usually nudge one
another gently with the sides of the
head, or joust with the anterior horns.
Tolerance is usually followed by. in-
difference, and one or the other usually
walks away.

Territorial behaviour

The klack rhinoceros occupies a well
defined home range but, as indicated,

ranges may overlap to a considerable
extent. Individuals of a community, i.e.
animals which share common parts of
thelr home range and which in the
course of their travels come in frequent
contact with one another, are not usu-
ally-aggressive to one another, In seven
ingtances, two adult males which share
part of their home range were obgerved
lying side by side or gently nudging
one another with the sides of their
heads, Adult females occupying adjoin-
ing home ranges ghow a similar toler~
ance towards each other.

Hence territorial hehaviour among
individuals of a community is not appa-
rent in the species. However, if a
“giranger” of either sex enters the com-
munity territorial tendencies may
bhecome a}iypa.rent, especially if the con-
flict of interest concerns twe adult
males, In the caldera of Ngorougoro
some rhinoceros oceasionally descend on
to the floor well outside their normal
home range to obtain galt from the al-
kaline pang, and should contact be made
with another male rhinoceros violent
aggression may ensue, The resident
rhinoceros invariably attacks and is
extremely vocal, The head is lowered,

eyes rolled, ears flattened, tajl ralged,

and the animal curls its upper lip, emit-
ting a sereaming groan. The stranger
is invariably gilent and on the defen-
give, but repels the vicious charges of
its opponent, The anterior horns are
used for goring, or for clubbing the
other animal on the sides of the head.
If the intruder retreats, he ig pursued,
gometimes for up to a mile, In all but
one case I witnesged, the intruder left
the disputed area and returned to his
usual haunts, In this single case the in-
truder drove the resident male out, and
the latter is now occupying the adja-
cent home range. Aggresgion of this
kind was witnessed between an adult
male and a strange female, but aggres-
gion between the two was not ag vio-
lent nor as prolonged as that between
two males,

Vocal communication

Voecal copmunication has  been
obgserved in the two populations. If a
female and calf become separated (eg.
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when the calf is sleeping and the
mother is browsing some distance
away), the female emits a very high-
pitched “mew” barely audible to the
human ear, The calf reacts immediately
and wallks toward the direction of the
call. An imitation of this sound is
sometimes effective in calling a rhino-
ceros, and is useful in very thick bush
when trying to identify an individual.
When a calf is in distress it emits a
bellowing squeal, In three instances
during the immobilization of a rhino-
cerog, the calf of the immobilized ani-
mal emitted this squeal when separated
from the mother and caught with ropes.
The squeals stimulated immediate reac-
tion from other rhinocerog within
hearing distance; these immediately
rushed toward the source of the sound.

Defecation

During the study period all rhinocerog
dung piles found were recorded and
mapped, Some were pinpointed on the
ground by placing & white stone in the
vieinity of the pile, If these deposits are
territorial markers one would expect
that they would tend to be located on
the peﬂgheml arts of the territory.
In fact, dung piles are located more or
less at random over the home range.
The same dung pile may be used by
geveral individuals of both sexes, but
they do not defecate on every dung pile
which they approach. .

When individuals approach a dung
ile, thelr behaviour is similar. Tha
eposit is sniffed extensively and the

upper lip and base of the anterior horn
may be thraghed from gide to side in a
wic%g sweeping motion. Occasionally the
deposit is ‘rooted” with the anterior
horn. Males have a more marked tend-
ency to “sweep' the deposit. The animal
may shuffle through the dung pile
keeping the front and hind legs rigid.
After defecation, the dung is invariably
seattered with sharp kicking motions of
the hind legs. The kicking of the depo-
sit sometimes occurs during actual defe-
cation, but more often after the total
deposit has been dropped, Small thorn
frees in the vicinity of the pile are
sometimes demolished after defecation,

The rhinoceros ig able to follow faecal

scent trails with considerable accuracy

and this is probably the method it uses
to orient itself within ity home range.
Tt is also prohably used to keep contact
with other rhinoceros. On many occa-
sions rhinoceros have been observed
following each other, with at least a
mile between them. Both animals
appeared to be following an identical
course. Since observations of their be-
haviour, and their poor eyesight, sug-
gest that rhinoceros are particularly
dependent on their olfactory senses,
their ability to follow scent trails was
tested as follows. Samples of faeces a)
from the animal being tested, b) from
others with home ranges overlapping
with that of the experimental animal,
and ¢) from asnimals with home ranges
some distance away were placed in care-
fully washed new net bags. The bag was
then attached to the end of a 75 yd rope
and towed behind a Land-Rover ag close
as possible to the experimental animal,
Reactions of animalg to artificial depo-
gits of the three kinds of faeces were
also tested. :

Results of -experiments. on ten ani-

mals using faecal samples are shown in.

Table 4 : 609% followed. scent trails of
their own dung and 50% defecated on
an artificial deposit of their own faeces;
709 followed, scent trails of dung from
animals with which they shared a home
range, but only 20% defecated.on artl-
ficial deposits of these animals, Only
309% followed scent tralls of dung taken
from animals several miles distant and
309% defecated on deposits from these
animals, :

~ On one occasion a dung semple was
collected from sz rhinoceros and. intro-
duced to the same animal 48 hours
later; the sample was then towed for a
distance of just over two miles, The
trail was zig-zagged to determine if the
animal actually followed the set trail,
which it did exaetly, and 38 minutes
later it was a,longsiéle the Land-Rover
still sniffing the trail laid by the sample.

Although the results are inconclu-
yive, it may be that the rhinoceros has
some method of recognizing dung depo-
sits and scent trails of various animals
with which it shares a home range.
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TABLE 4.
The effect of miroducing artificial scent troils and dung deposits, made
Jrom samples of faeces, to ten rhinoceros

Rhinoceros Sample from
same animal
Heent Dung
trail pile
1 + +
2 + +
8 4 +
4 t +
b - ——
¢ —_ —
T ot —
8 — +
bt} -+ _—
10 — "

Sampile from Sample from

animal gharing distant
-home range animal
Scent Dung Scont Dung
trail piie trail pile
..|_ f— . —
l a0 f— _i.‘
- ..[. -
} o +- -+
}. — ——t
; - “ -+
| * e o
— J— .i_ —
_|. T — —tn

4 animal followed the scent trall or defecated in the artificial depowit,

* urinated on artificial deposit.

— nogative reaction to the scent trail or deposit.

While walking, some individuals urin-

. ate frequently, If the place of urination

is examined the remains of an old dung
pile can sometimes be detected. The
significance of kicking the dung is still
not clear, but a likely explanation is
that kicking, and actual shuffling
through dung piles, smears the hind
feet with dung which leaves a scent
trail imprinted behind the walking
animal. When the feet of immobilized
animals were examined the characteris-
tic odour of the dung pile could always
be detected,

A record of the ability of young
rhinoceros to orient themselves was ob-
tained at Ngorongoro during the immo-
bilization of an adult female, The
animal was darted and an attempt made
to immobilize and tag her 14 month
calf, When the mother collapsed the
calf, in corggan with another immature
animal, made off rapidly and disappear-

“ed ibto Leral Forest, some six miles

beyond the periphery of the home range
of its mother. Both animals were still
in the forest at nightfall, but at 0615
hours the following morning they were
observed in their usual home range.

PREDATION

On seven occasions I have seen black
rhinoceros approach lion Panthera leo
Neumann, On all cccasions the former
walked toward the pride as soon as it
became aware of the pride’s presence,
The lions continued to lie down until
the rhinoceros was about ten vyards
away, but then moved away,

The rhinoceros is vulnerable to preda-
tion by lion, even when adult (Ritchie,
1963), Proven cases are, however, rare.
One attempt by a lion to kil an 11-
month old rhinoceros was observed in
Ngorongoro on 7Tth August, 1066, At
1030 hours three sub-adult male lons
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were seen watching a rhinoceros with
her calf. One lion got up and approach-
ed them, Ag he neared the animals he
broke into a run. The calf snuggled
against its mother, who moved toward
the approaching lion. The calf retreated
and the lon pursued it, separating it
from the female. The mother followed
the pursuing lion at a steady trot, and
the calf doubled back to the female.
The adult immediately engaged the
lion, who diverted his attention to her.
He bit her just above the hock, attemp-
ted to hang on, and clawed her thigh.
The female wheeled around with incre-
dible speed and gored him twice in the
centre of the ribs, using the anterior
horn with quick stabbing thrusts. The
lion rolled over, completed winded. The
rhinoceros then gored the lion once in
the centre of the neck, followed by an-
other thrust through the base of the
mandible, killing him instantly. The
two other lions had not moved during
the entire proceedings,

Rhinoceros appear to be vulnerable
to predation by the spotted hyaena
Crocuta crocuto Erxleben up to the age
of about four months, Three attempts

by hysaenas to pull down such animals
were observed, all unsueccessful, On one
occasion a hyaena grabbed the calf’s
tail and another the hind leg. The calf
tried to shake them off, but when this
proved unsuccessful it emitted the dis-
tress squeal, The female, who had heen
walking ahead, reacted immediately and
charged the hyaenas, who promptly
retreated. Hyasnas have been seen
followed rhinocerog with calves older
than four months, sometimes approach-
ing extremely close to the calf, who
occagionally charged them, In these
cases, no gerlous attempt was made to
grab the calf. If the calf loses its mother
it is probably vulnerable to predation to
a congiderably older age,

RACRUITMENT RATES

The compogition of the two rhinoceros
populations by sex and age is shown in
Table 5, and it is apparent that the two
are similar in structure, The cow-calf
ratio is 1:0.72 at Ngorongore and
1: 079 at Olduvai, The number of
rhinoceros recorded at Olduvai is
believed to be the total population, but

TABLE 5
Btructure of two black rhinoceros populations by sex and age of Ngorongoro
Caldera and Olduvai Gorge, 1966

Ngorongoro Qlduval
Sex and age Total % of total Total % of total
population pepulation
Adult ¢ L1l 34.2 22 30.0
Adult ¢Q 29 26.8 19 25.8
I, g 9 8.3 10 13.4
Imom, € 12 11l 8 10.8
Celves 10 9.4 9 12.0
Calves ¢ § _ 8 T4 6 8.0
Calves (sex unknown) 3 2.8 0 0.0
Total : 108#* 100.0 Ta* 100.0
Cow : calf ratio 100:72 100:79

* Includes the 196868 recruibment to the population.
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although .a substantial number were
observed dn the caldera of Ngorongoro
(108 individuals), I do not consider that
a1l rhinoceros which: live there have
heen recorded. ,

In order to obtain information on
recruitment rates J photographed eight
calves of known ages each month over
a two-year period. In three cases the
birthday of the calf was known to with-
in five days. Photographs were talen
of the ealf, both in profile and full face,
alongside the mother. Growth was
observed by relating the shoulder height
of the calf to the estimated shoulder
height, and to other parts of the anato-
my, of the female. In nine cages animals
were immobilized to obtain measure-
ments of adult females and their calves.
The development of the anterior and
posterior horns of the calf was also
examined, ‘

Using these photographs of “‘known-
age” calves, it was possible to estimate
the age of ealves which had been pho-
tographed during the early part of the
study period. If a calf was less than
one year when the original photograph
was taken, I believe it is possible to esti-
mate it correct age to within two
months, In the second year it is more
difficult as growth does not appear to be
as regular as in the first year, but in
most cases it ig relatively easy to esti-
mate the year of birth.

Thug it was possible to establish

minimum recruitment rates for four
vears (1963-1966) for the two popula-
tions, by establishing the probable age
of calves and by using data recorded
from new births, The recruitment data
at Olduvai is collected from the total
population, and is almost identical with
the results obtained at Ngorongoro.
Factors affecting recruitment rates are
considered below.

a. Age at maturity

No precise data on this factor has
been collected in the wild, but there are
two fairly accurate zoo records, One is
reproduced with the kind permission of
Mr, 8. Yamamoto, Secretary of the Kobe
Qji Zoological Society, Japan, A male
black rhinoceros was born in the.Kohe

approximately

Oji Zoo in November 1963. Both parents
arrived at the zoo in 1959, the estimated
age of the female then being four years
and that of the male three years. The
pair mated on 4th August, 1062 and
produced a calf on 16th November, 1963.
{f the ages of the parents were estimat-
ed correctly in 1959, the male was six
yearg old, and the female seven years
old, at the time of their first mating.
Dittrich (1966) presents data on the
parents of a black rhinocerog born in
the Hanover Zoo in 1965, In 1969 the
female was three years old and the male
one year, At the end of 1962 the female
(now six) developed oestrus periods
every month, For sometime the male
took no interest in her, but on 10th
March, 1964, when the male had reach-
ed his sixth year, copulation occurred.

b. Gestation period

There is considerable reference in the
literature to the gestation period of the
black rhinocerog; records vary from
450-545 days (c.15-18 months), Ulmer
(1958) gives 450-480 days. Two calves
produced in the Kobe Ofi Zoo had ges-
tation periods of 470 and 462 days, A
record from the Hanover Zoo in Ger-
many gives 469 days (Dittrich 1866).
I have two records from the population
at Ngorongoro, One female was in re-
ceptive cestrus on Tth April, 1865 and
produced a calf during the last week of
June 1966, giving a gestation period of
46 days. The other
ardmal wag mated on 17th September,
1965 and produced a calf sometime
during the period 5-9th January, 1967,
glving a gestation period of approxi-
mately 478 days.

¢. Interval between calves

The interval between calves in this
species also varies, A pair of black
rhinoceros in the Chicago Zoo produced
& calf on Tth October, 1941 and another
calf on 19th September, 1044. Two
calves born to the same female in the
Kobe Oji Zoo in Japan were born exact-
ly 24 months apart. L have geveral re-
cords from. the population at Ngoron-
goro, established by using the serieg of
“known-age” photographs, together

. with reeords -of new calves born to the
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same mother, Table 6 shows that one

female (no. 2) gave hirth' {o calves in
August, 1963 and September, 1965 (a
25.month interval); no. 4 had calves in
September, 1963 and January, 1966 (a
28-month interval), and no. 8 in Novem-
ber, 1963 and April, 1966 (a 29-month
interval), The available evidence gug-
gests, therefore, that a normal healthy
female could be-expected to produce a
calf approximately every 27 months,

{d Laciation and the onset of oesirus

After parturition the onset of oestrus
followed by conception also varies con-
siderably. Dittrich (1966, pers. comm.)
reports that the female which gave
birth to the calf in Hanover Zoo (quoted
above) developed an oestrus period 20
days after parturition, Because the
male was denjed access to her, she con-
tinued to develop oestrus periods every
25-30 days, but was successfully bred in
June, 1966.

The onset of oestrug does not appear
to be closely associated with reduced
lactation in the species, One female in
Ngorongoro was still lactating 17.5
months after parturition, although
working on the assumption that the
appearance of a moist vaginal mucosa
and a swollen vulva is a good diagnostic
character of oestrus (Asdell, 1964) she
developed regular oestrug cyeles three
months after parturition.

The female may apparently develop
regular oestrus cycles within a few
weeks of parturition but the calving-
conception interval is relatively long.
Assuming that most cows can produce
a calf every 27 monthg (section ¢
above) and that the gestation period is
15-16 monthg, it is apparent that suc-
cessful conception does not oceur until
about a year after parturition, despite
the cow's regular oestrus cycles and
apparent receptiveness to the bull

It seems likely that the ovarian acti-
vity of the hlack rhinoceros resembles
other species in the Perissodactyla.
King (1965) reports the occurrence of
oestrus cycles soon after parturition in
two species of zebra (Equus burchelli
Gray and H. grevys Oustalet), but the
foaling-conception Interval varied from

2-24 weeks in some H, burchelli, The
ovarian ‘activity of the rhinoceros may
resemble the horse, where the ovary is
not suppressed by lactatien but con-
tinues to cycle regularly after the first
post-partum oestrus (King, 1965).

The difference in length of gestation
periods and the variations in times of
guceessful conception after parturition,
even when the female demonstrates re-
gular oestrus cycles, probably account
for the observed differences in inter-
vals between calves, One female in
Ngorongore was obgerved mating in
April, 1964, She had a calf at foot
whose age was estimated at approxi-
mately one year. She was mated, but
not successfully, and was observed
being mounted by several bulls one year
later in April, 1965, The calf was bhorn
in June, 1966 and the interval between
successive ocalves of this partieular
female was thus 38 months,

The recruitment rates of the two
rhinocerogy populations are shown in
Tables 6 & 7 and are almost identical,
being 7.0% at Ngorongoro and 7.2% at
Olduvai, Ag mentioned above it is beli-
eved that a normal healthy female can
produce a calf approximately every
twenty-seven months, If conception
oceurs within one or two monthg after
parturition it ig possible that the inter-
val between calves may be as short as
eighteen months, The ratio of calves
%er year/adult female was 025 at

gorongoro and 026 at Olduvai, de-
monstrating an overall recruitment of
one calf per female every four years.
Thig recrultment ig relatively low when
compared with a calf interval of twenty-
geven months postulated for a normal
Liealthy female. Field observations sug-
gest that calf mortality is not high, and
it is probable the populations are being
controlled by a self regulatory mecha-
nism, such as reduced fertility rates.

Mortality data have been recorded
for the two populations by the collection
of skulls, The rhinoceros is a species
that lends itself to vrelatively easy
appraisal of mortality rates of the older
age clasges as the skull doeg not dete-
riorate ‘for wsome vyears, being falrly
resistant to the normal effect of
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TABLE 6 .
Recrwitment of ealves to the 29 adult females present ot Ngorengore
1963 - 1866
Adult female 1963 1964 1965 1966
1 ——— d‘ [ —
] ¢ (Aug) - ¥ (Sept.) -
3 o - - a*
4 @ (Sept) - o d (Jan.)
5 ) - - d {(Jum)
6 — o ¢ {(Jun)  —
7 i s 4 (Febh) —
8 ¢ (Nov.) - e & (April)
9 g — - o*
10 - ) —— -
14 . 8 — —
12 — ct - oo
18 d - @ (Oet) -
14 — 0 —
15 — Q — -
16 o g s e
17 — d —_ —
18 o — — c*
19 e et o —
20 _— — 4 i
21 et — — o
22 — — - —
23 —_ e — e
24 — — o —
25 — — s ——
26 - - — -
A — — — —
28 —_— s — —
29 [ _ — e
Total 8 8 6 7

Mean no. calves per year - 7.2,

Ratlo caives per year/adult fomales - 7.2:20=0.25,
Ratio of calves per year/all adults - 7.2:66 == (.11
Ratio of calves per year/whole population « 7.0%,

c* —— gex of calf unknown.
Dates in parentheses = month of birth where known.
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TABLE 7

Recruitment of celves fo the 19 adult females at Clduwved Gorge, 1962 - 1066
Adult. female 1662 1968 1964 1065 1966
1 : g — - 3
2 d — d (Dee) -
3 — d — -—
4 g —_ = ¢ (Aug)
5 Q p—ns - o
8 — — D (April) -
7 L - = & (Bept)  ~—
8 — = R ¢ (Jan.)
9 3 - e g (Feb)
10 — 4 {died?) — —
11 d e — — —
12 - Q — —
12 — e Q —
14 — — 3 —
18 e - o -
16 - d — —
17 — _— — —
18 s -— -— -
19 — — s —
Total ! & & 6 4

Mean no, calves per pear - 5.0

Ratio of calves per year/adult females - 5:19 = 0.26.

Ratio of calvey per year/all adults - 5:41 = 0.2,

Ratio of calves per year/whole population - T.2%.

# Tha actual reoruitment during this year is unknown. The two individuals shown in
1962 were considered born in this year, from photographic meagurements of the

individuals taken during 1964

Dates in parentheses == month of birth where known.

scavengers. It is possible fo estimate
the year of death of the rhinoceros by
examination of the condition of the
gkull, but the maxilla and mandible
deteriorate considerably faster in a
marsh environment than in a dry, arid
one, I collected two skulls from. animals
whose dates of death were known. One
had been shot five years before in grass-

land and the skull wasg in excellent con-
dition; the other was shot in a marsh
11 years before collection. The skull,

lying under mud, had deteriorated
congiderably although the pelvic girdle
(situated on dry land) was intact.

Tf it is assumed that neither adult nor
immature skulls deteriorate beyond re-
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cognition for at least five years then the
sample collection of gkulls made in the
two areag gives an estimate of the mor-
tality of the populations during the
study period. From this it appears that,
at present, the mortality rates do not
exceed the observed recruitment rates,
and the populations are probably stable,
if not increasing. It is possible that
mortality from heavy poaching in the
past (21 rhinocerog were speared in the
Ngorongoro Congervation Area during
1960, of which eight were killed in or
near the caldera) may have exceeded
the recruitment rate, but the infliction
of severe penalties on offenders now
appears to keep the problem to a mini-
mum, The future of the gpecies in the
Ngorongoro Conservation Area appears
to be good.
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