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AGE CRITERIA AND VITAL STATISTICS OF A BLACK
RHINOCEROS POPULATION

J. Goddard, Tsavo Research Project

SUMMARY

Tsavo National Park, in Kenya, probably contains the largest population of black
rhinoceros ( Diceros bicornis (L.)) left in existence. Large-scale damage of the vegetation initiated
by clephants and aggravited by fire has changed considerable arcas of the park. The ccology
of the black rhinoceros in this changing environment has been studied: the present status
and population structure is considered here. including the development of detailed ageing
criteria for the specics, an analysis of natural mortality and survivorship, and a record of
the steucture of the living populations within the mijor habitar types.

Crania and mandibles were collected from 506 rhinoceros found dead in all areas of the
park. This material was divided into 20 relative age classes based on dental characteristics.
Crude chronological ages, based on an estimatc of the maximum expectation of life and the
examination of seven known-uge dental records ol captive animals, were assigned to cach
age class. These crude ages were then tefined by examination of 16 denial records of known-
age wild rhinoceros, and a chronologicul age seale established.

A survivorship curve of the population was thus constructed. Annual mortality during
the first and second year of life is about 16%, and the ndicated mean annual mortality
from 5-25 v is 9.8%. A theoretical model of the population structure is shown, and
analysis of the annual mortality and recruitment at birth suggests that the population was
stable during the 1960°s. Assuming the data represent a stable population the mean expectation
of life at birth is 8.4 y.

Thirteen major habitat types are described. The characteristics of the rhinoceros popula-
tion within cich habital type were established both lrom ground studies and aerial observa-
tions. Nearly 700 rhinoceros were identified and catalogued on the ground. in sample arcas
selected for mtensive study. Population structures, cow:eall’ ratios, and recruitment appear
to be average in most habitat types. The analysis of recruitment at birth and mortality during
the first vear ol life, both from computations from the survivorship curve and from the
structure of the living populations, support the validity of the ageing criteria, and further
suggest that the population was stable during the 1960's.

Finally, the relationship hetween the elephant and the rhinoceros in the changing environ-
ment is discussed with reference to recent findings in clephant ceology. In conclusion it is
recommended that population reduction of the T'savo clephants should be initiated.

INTRODUCTION

Tsavo National Park covers an area of
some 23,500 km= Up until abour 1950,

in many areas, where it has been replaced by
bush-grassland and grasstand. Annual rainfall
varies from 152—=762 mm with a markedly

large areas of the park were covered in
Commiphora woodland. Under the large-
scale destruction by elephant (Loxodonta
africane (Blumenbach)) and fire the tree-
bush complex has been reduced or destroyed

seasonal pattern (Laws, 1969).

The total number of elephants using the
entire ecological unit (an area of some 44,000
km? which includes the park and extends
for a considerable distance beyond the park
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boundaries) has been established at 30-40.000
(Laws, 1969). The damage to the woodland
partiatly caused by this population has been
phenomenal. Thouunds ol trees and larger
bushes have been knocked over and destroyed
and many ol the larger trees have been ring-
barked and have fallen to the ground.
With the lurge amount of dead and decaving
woody matcrial and  debris  present, hot
ground lires have swept through and have
changed the whole ceology of the region.
Other prominent trees o the ecosystem,
such as Plaryeelyphim voense (Engl) Wild
Melia volkensii Guerke. Delonix elata (L)
Gamble. and  Boscie  cortacea Pax.  had
remained strtwally untouched by elephants
up to the end of 1968.

In addition to tts very darge elephant
population Tsavo is one ol the [ust strong-
holds of the black rhinoceros. Concern has
recently been shown by the government ol
Kenya, other  African  government:  and
international  conservation  organizations
about the e ol this species throughout
its entire range in Africa. Much concern has
also been voiced about the possible eflect
that this changing cnvironment in Tsavo
may have on browsing species such as the
black rhinoceros (Napier Bax and Sheldrick,
1963: Glover and Sheldrick. 1964).

Some observers felt that the large-scale
devastation and damage minated by clephuant
and aggravated by fire has been detrimental
to the black rhinoceros: they believed thac
the rhinoccros were sutlering severe compe-
tilion from the clephant for the remaining
food supplies and that the animals were
slowly dying of malnutrition (Napier Bax
and  Sheldrick,  1963). This anxiety was
heightened in (he early part of this decade
(between Ist August. 1960 and 30th Sep-
tember, 1961) when during a marked drought
period at least 282 rhinoceros died along a
64-km section ol the Athi river (Sheldrick.
pers. comm.: 'oster. 1963). The consensus
of opinion among scientists who investigated
this mortatity was that these aninuls had
dicd of nutritional anaemia (Vremlett, 1901).

In view of this problem, a maujor concern
of the research in Tsavo was to ascertain the
present  status  and  population  structure
of the rhinoceros in the park. This necossit-
ated the development of ageing criteria for
specimens representing  natural  mortality,
and a ficld study of the structure of the living
populations within different major habitat
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types. The age criteria, an analysis of natural
mortality and survivorship. and the status
and present structure of the living populations
are presented in this paper.

METHODS

Development of ageing criteria

During 1966—1968, at the request of the
Tiavo  Research  Project and  wnder the
direction of the wardens of Tsavo, the park
scouts collected crania and mandibles from
rhinoceros found dead over the whole park.,
A reward was oftered for each specimen
recovered. and a collection representing 506
rhinoceros was made. The great majority of
material in this collection probably represents
natural mortality, but some poached animals
were undoubtedly inctuded, especially from
the Rombo area (Goddard, 1909). As
poaching o black rhinoceros in Tsavo
appears to be essenlinlly a non-sclective
activity (Sheldrick. pers. comm.), poaching
has been assumed to be part ol natural
mortality. and the entire collection treated
as such.

The following measurements and weights
were made from each specimen depending
on the material available. Measurements
were made with calipers and recorded to
the nearest mm (Tables 1. 2).

1. Basal [ength: The distance, in the
midline ol the maxilla, from a line connect-
ing the most posterior border ot the occipital
condyles o a line connecting the most
anterior processes of the premaxillary bone,

2. Zygomatic breadth: The preatest dis-
tance across the zygomatic arches of the
cranium at right angles to the long axis of
the skull.

3. Length of mandible: The greatest
length of one ramus of the mandible.

4. Measure of wear: Recorded from both
mandible and maxilla. The height of the
anterior buccal crest of M2 above the pum
line visible on the tooth. Taken Trom (he
tip of the erest to the poinl on the gum
line direetly below the crest.

5. Mandible weight: Dry weight of cleaned
mandible to the nearest 25 g. Mandibles
had been brushed. cleaned. and dried for
2> 1y before being weighed at the end of the
dry season.
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TABLE 1

Cranial wd mandibular measurements(umy) of black rhinoceros from Tsavo National Park, Kenya

Age Basal length

class Mean Range
1 . 2212) 2132
11 .. .. .. —
1r .. .. . 317(1) -
v . .. .. 380(1) —
v .. .. .. 435(1) —
Vvl .. .. - 405(1) —
Vi L. .. .. 477(14) 428 525
vir .. .- .. 511(10) 473535
X .. . . 303(7) 476-330
X .. .. . 516(9) q93-534
XI .. . . 520(0) 520 544
NIE .. . 5329 510552
X .. .. .. 536(13) 517-360
Xy .. .. .. 549029) 504580
Xy .. .. .. 530029) 522-581
XVI .. .. .. 548(2.0) 504 58S
NVIT .. .. 550(19) S17-582
XV .. .. . S57117) 530-598
XIX .. .. .. 375112) 545-GIK
XX . .. .. S67(3) 516-592

Zygomatic breadth Mandible length

Mean Range Meun Range
135(2) 130-141 192(1) —
174(1) — 248¢1) —
V1) 188195 2743) 266280
216(1) - 316(3) 307-323
248(3) 354(6) 336-378
264(10) IRO{18) 350400
280024} 403(35) 359-430
306(12) 276 342 433(17) 409- 453
297(D) 274-320 436(11H) 404-464
31009) 205-7 441(18) 418485
2H6) 306-340 450022) 425478
320(10) 305 345 45000 409-476
326(15) 314 350 461(2Y) 425484
32827 312-347 454(55) 423-484
33033 305-377 43831 427487
328(22) 306-356 488(37) 426- 516
328019) 311 350 403(34) 442 482
331(18) 303 354 H64(28) 434490
EXILTR)] 324388 4o022) 448-502
3300 307-359 Ho47) 144-490

(Figurcs in parentheses indwate the number in the sample)

Prior to measuring, the entire collection
was grouped into 20 classes based on similar
characteristics of eruption and wear patterns
of the mandibular dentition. Tentatnve and
approximate mean ages were then assigned
to each class according to the procedure
advocated by Laws (1966, 1968). In the
assignment of these crude ages reference was
mide to the probable maximum life expect-

ancy. e ¢ 40 v (Table §). By reference to
this assumed approximate longevity, and
dental records of seven known-age captive
animals, time intervals  were  estimated
berween successive age classes based on the
state of eruption and wear of the mandibular
dentition. A more or less arbitrary time scale
was thus established.

TABLE 2

Mandible weights (sexes combined ) and heights® af M2 in the mecitta and the numdible front a dlack rhinoceros
popnlatici

Mandible weight (kg)

pe
ﬁ‘}l’bs Mean Range
.. o 0.210(1) —
)| .. .. 0.490¢1) —
I .. .. .. 0.706(3)  0.625-0 825
v .. .. .. 1.185(1) —
v .. .. .. 1 874(4) 1.550-2.47.
VI . . 2 370(8) 2. S0
Vit 2.86222) 2
Vil 31.8770010) 3
X 3000y 3
X 4.505(12) 3
XTI 1.865(13) 4
XIIE 5.20001%) 3
XTI 5.160016) 457
X1V 4940033 3
XV 5 000(38) 3
Xvi .. .. . 4.905026) 4
XVI .. .. 4.720026) 3
XVIl .. .. .. 4.71021) 3 5.725
XIX .. .. .. 5.160(15)  3.875-6.200
XX .. .. .. 4.450(T)  3.775-5.125

Height of Height of
ruandibular M2Gum) manillary M2tmm)
Meun Ranye Mean Range

[

PErper v

35-44 33-54
2 45 31-55
27 10 29-47
19 36 20-47
1834 15-42
16-25 14-36
5.22 11-32
9-23 11-27
§-20 8-24
7-15 6-15

* See test
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Refined ages were then determined for
cach age class by examination of the mandi-
bular dentition of 17 specimens ol known-age
wild rhinoceros. The seven records of known-
age captive animals were also examined.
These ammals varied in age from 0 y (birth)
to 34y (Table 3). Known-age wild rlunoceros

from Tsavo into scven relative age-groups,
but because of a lack of known-age data
did not allocate precisc ages to the material.
He also reported dentine Jines in the molari-
form teeth, Lxternal dentine rings were
noted on some of the teeth in the material
considered  here. No  correlation  between

TABLE 3
Records of known-uge black rhinoceros whose dental development was examined divectly, by X-ray, or by photo-
praphs.
No. Age tmonths) Sex Origin Remarks
(W) Ioetus + Nporongory 39.04 kg and ready for presentation
(W) ! 5 Nporongoro Mutifatcd by hyaenas and shot at 30 d
(W) 4i v Ngorongoro Birthday known within one week
HW) 5,29 3 Ngorongoro —_
5(C) S4U B2, 18,24 = Tano Last “Stubs” —Birthday Anown within one weck
6(W) 7! T Nreorongoro Birthday known within §d
W) I . Nyorongoro —_
RIW) 14, 36, 57 v Ngorongoro Birthday known within 3 d
YHW) 170,39 © Nporongoro .-
Q) [F) A » Wst “Linkerbell” —8Birthday known within a week
1IHW) m Ngorongoro —
120\ 39, 72 5 Ngoronporo —_
13(W) 38,61 . Nporongoro —_
1HC) M| g1 v East “Ruafus"—Binthday known within 2.d
13(C) 408 5 Oldeant “Pharaoh™ in Chicago Zoo. Birthduy known

Mountain,

1o within 6 months

Nyorongoro

(W) Wild, (C)—captive: under column “"Remar!

was known o within one month. Under coluntn “Ag

examined at thowe ages.

up 1o 6 y old were immobilized. had their
dentition examined, were measured and were
marked with metal car-tags (Table 3) stamped
with the month and year ol birth.  The
development of these rhinoceros had been
followed closely since their  birthdays
(Goddard. 1967). Several of these animals
were re-immobilized 2 3 y later and their
dentition re-examined (see below). In some
cascs dental examination was facilitated by
the use of an instrument which forced the
buccal cavity wide open. With the aid of
apen-torch the entire dentition was examined.
With rhinoccros under heavy anacsthesia
this is a relatively simple procedure,

The dentition of known-age captive rhino-
ceros was examined directly, und by édn
X-ray ol the entire mandibular tooth row
(Plate 1a). 1 am indebted to Dr. [ R,
Whittaker.  Specialist - Radiologist of  the
Kenyatta Nauonal Hosputal, Nairobi, for
his co-operation and enthusiasm in X-raying
the captive animals and mandibles. Photo-
graphs of the entire tooth rows of a 34 y old
captive male rhinoceros were also obtained.

Foster (1965) classified a series of 49 skulls

nless otherwise noted, the birthday of the rhinoceros
Lwo or more records indicate that the animal was

the number of rings and the known-age
specimens could be determined, probably
because many external rings are vague and
indefinite; just what constitutes a ring is
not always clear. Anderson (1966) obtained
some maxillac and mandibles from young
black rhinoceros in the Hluhluwe Game
Reserve, whose approximate dates of birth
had been noted. Data [rom the present
work were compared with the results of both
these studies.

Structure of the living population

Because of the sedentary nature of the
rhinoceros in Tsavo it was quile feasible to
cstablish the structure of the living population
by dircet ficld observation within the various
habitats. Records and obscrvations were
made hoth from the ground and from the air.

On the ground certain areas were systema-
tically covered on foot and by vehicle and
cach rhinoceros observed was recorded.
The myopia of the rhinoceros permits a
close approach on foot. Each animal was
approached and identified using the procedure
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deseribed by Goddard (1966). photographed
il necessary, and catalogued, In this way,
nearly 700 rhinoceros were catalogued by
the author in several principal habitat 1ypes.
This sample represents approximately 10,
of the Tsavo population (Goddard, 1969).
Cataloguing was assumed to be random:
in some small arcas sclected for mtensive
study the total population was known o
the author. Rhinoceros were sexed. and aged
as adult, immature, calf, and calf of the year
(Table 10). An adult was considered (o be
a full=sized animal: an immature, anoumal
fess than full size that had left its dam: a
call. an immature animal still in the company
of its dam: whether a calf was under | ¥
old was determined on the basis of body
size and horn development. This study of
ficld age-criteria will be the subject of a
later paper.

Aerial observations were made ol the
ground study areas, and over vast arcis of
different  habitat types. The same  broad
ageing criteria as used in the ground observa-
tions wera used from the air. From the air
rhinoceros were classified us adults (sex
unknown), immatures  (sex  unknown).
females with calves, and females with young
of the year (Table 10). In the course of the
acrial census of the Tsavo population random
samples of the structure of the living popula-
tions were also obtaimed (Goddard, 1969).

ResuLis

Black rhinoceros dentition
The normal dental formula of the black
rhinoceros is:—

H ] 0L
Deciduous: 1 9. C G: P
Permanent: 1 ;. C ¢: P

3
My - 22428
The adult black rhinoceros normally  has

at ¢ 13 months and is fully erupted at c. 60
months; M3 buds at c¢. 48 months and s
fully erupted at ¢. 96 month.. A similur
condition of increased progressive eruption
has been noted in man (Geigy, 1956).

The development, eruption and consequent
wear is similar in both the wnandible and
maxilla, but the maxillary dentition usually
develops slightly ahead of the mandibular
dentivon. The first premolar is present at
birth and at ages [rom about 12 y onwards
it s pormanently lost (see below). This
tooth iv not replaczd by a permanent pre-
molar. boster (1963) states: “The first pre-
molar is apparently shed and replaced at
very early age and may have disappeared
entrely from  alder animals”.  Anderson
(1966) refers to a “deciduous™ and “first
permanent premolar™ and states thar the
first permanent premolar is erupting at 18
months. However, ay  examination of
living captive rhinoceros svarying in age
from 3-1% months, together with examination
of 18 mandibles from wild animals (varving
i from birth to 3y), both by X-ray and
disscction, showed no  evidence whatever
of a4 “first permanent premolar”. Laws
(196%) reported the same condition in the
hippopotamus (/ippopotamus amphibius 1..)
i which “only the deciduous premolars
2-4 are replaced by permanent premaolars™
1t as suggested that in Anderson’s specimen
1122 the “pernanent first premolar™. which
was recorded s being in a state of cruption
at 18 months, was in fact the original first
premolar present from birth. which was
retarded in development.

Description of the age classes

A description of the mandibular dentition
within the 20 age classes follows. Chrono-
logical ages were assigned to these classes
(Table 4) using the methods deseribed below,

four premolars and three molars, the sequence TABLE 4
of cruption being from anterior to posterior. Chronvlogical cges allocared 1o the relutive age
Rudimentary incisors and canines do occur classes
but are rare. The three molars are massive.  Ape Meun Probable Class  Mcan  Probable
rideed  structures and arc the principal  class  age(y)  range age (y) range -
tecth used in feeding, From known-age 0 Xi & !
material collected from wild animals it was :“ i - \\;H 13 ;
ascertained that M1—M3 erupt in an v I _ Xiv 1 1
orderly sequence, each tooth taking longer Vv 2 ) XV 14 2
than its predecessor o reach full development. V1 3 : AVI 17 P
Thus M1 starts to lorm as a tiny tooth bud :HI ‘; : X‘\\”l[l E; :I
at ¢. 2 months but is normally not fully 1x 6 1 NIX 30 4
developed until ¢. 36 months: M2 buds X 7 i XX 35 4
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Class 1—P1 and deciduous P2 just erupting
above bone level. Deciduous P3 und P4 not
usually  crupted  above bone level. Ml
alveolus open.

Class 11 Pl crupted above bone lovel
and has picreed gum. Deciduous P2 and P3
fully erupted and in slight wear. but exposed
dentine between cusps of both teeth not
joined. Deciduous P4 has picrced pum level:
almost fully crupted. M1 bud formed. the
anterior erest situated about 1 ¢m below bone
level (Phate 2a).

Class [II—P1 usually fully crupted but
not in wear. Deciduous P2 and P3 in wear,
and exposed dentine is vsually continuous
between the cusps of 2 but not of P3.
Deciduous P4 Nudly erupted but has hutle
or no wear, Alhveolt of permanent P2—P4
not formed. Crests of” M1 visible just below
bone level, M2 alveolus not formed.

Class V="t fully crupted and  usually
in shight wear. Deciduous P2 and P3 have
marked wear: exposed dantine joined between
cusps of P2 and almost joined in P3.
Deciduous P4 has marked wear. Alveoli
of permanent P2 and P3. together with
tooth buds. usually forming. Alvcolus of
permancnt P4 not formed. Anterior crest of
M1 has crupted above bone level. M2
alveolus open and bud sometimes oceupies
31 ol the alveolus,

Class V—P2 dentine broadly joined be-
tween cusps. Fxposed dentine between cusps
of deciduous I3 usually joined, but not
jomed in deciduous P4, Alveolus of per-
manent P4 just forming. M1 erupted above
bone level. sometimes fully crupted, but
not in wear. Bud of M2 fills approximately
-3 of the alveolus.

Class Vi—Lxposed dzntine between cusps
ol deciduous P3 nearly always joined. and
joined in P4 in 30, of the specimens.
Sometimes  marked  constriction  between
cusps of P4. M1 invariably fully erupted and
in slight to marked wear, especially on the
anterior crest.  Anterior  buccal crest of
M2 usually just below bone level. Alveolus
of M3 not usually formed, but tiny alveolus
sometimes forming (Plate 20).

Class VII—Exposed dentine between cusps
of deciduous P4 ncarly always joined.
Tooth bud of permancnt P4 fills the alveolus.
Permanent P2 and P3 erupted above bone
level in onc specimen. M| fully erupted and

in marked wear but marked constriction
between two  cusps. M2 usually erupled
above bone Jevel. M3 alveolus formed and
toath bud sometimes forming.

Class VIII—Exposed dentine of deciduous
P2 and P3 broadly continuous between
cusps and joined in P-L Permunent P2 and
'3 usually crupted ibove bone fevel and have
somctimes displaced their deciduous counter-
parts. Permanent P4 approaching bone
level, Exposed dentine between cusps of
M1 not usually joined. M2 fully crupted but
not usually in wear, with a marked con-
striction between cusps. M3 bud usually fills
approximately -3 of the alveolus.

Class 1X—Permanent P2 and P3 have
invariably displaced their deciduous counter-
parts and are in wear. Permanent P4 has
wsually displaced its d:xciduous counterpart
and sometimes in wear. Exposed  dentine
between cusps of M| nsually joined. Posterior
crest of M2 has slight wear, and anterior
crest has marked wear, but stifl a marked
division between cusps. Cusps of M3 just
above bone level

Class X—Permanent P2—P4  all fully
crupted and in wear. Exposed dentine
between cusps of P2 ioined sometimes
joined in 1’3, not joined in P4. Exposed
dentine between cusps of M1 joined, M2 in
marked wear but exposed denting between
cusps not joined. M3 is  approxinutely
1-5 erupted above bone level: not in wear.

Class XI-—Permanent dentition complete
but both Pl often (8054 of specimens)
lost. Lxposed dentine between cusps of P3
joed; sometimes  jomed in P4 (507
ul spu,nmnc.) Fxposed dentine sometimes
joined between the cusps of M2, M3 fully
rrupted and sometimies in slight wear, but
has marked constriction between cusps.

Class XII Both Il missing in 90%
of specimens.  Fxposed  dentine  between
cusps of P4 almost invariably (95% of
specimens) joined. Anterior lingual infundi-
bulum of MI usually worn away. Exposed
dentine often (60%  of specimens)  joined
between cusps of M2, M3 in slight wear
but marked constriction between cusps.

Class XIII—One or both Pl missing on
all specimens. Lxposed dentine  between
cusps of P4 joined. Lxposed dantine between
cusps of M1 broadly joined. with the anterior
hngual infundibulum completely worn away,
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but  posterior lingual infundibulum still
present. Exposcd dentine between cusps of
M2 joined. No marked constriction between
cusps ot M3, but exposed dentine not yet
Jjoined.

Class XIV—On this and  subsequent
classes both P1 were missing froo all speci-
mons. Posterior lingual infundibulum of M1
almost, and somctimes completelyv. worn
away. Anterior hngoal infundibulum  of
M2 completely worn away but posterior
lingual infundibulum still present. Exposed
dentine between the cusps o M3 rarely
joined, anterior lingual infundibulum still
present.

Class XV—Anterior and posterior lingual
infundibula usually completely worn away
in P2, Anterior lingual infundibuluny of
P3 worn away and posterior lingual infundi-
bulum  usually solated  or  worn away.
Anterior lingual infundibulum worn away
in P4 but posterior lingual infundibulum
still present. Posterior lingual infundibutum
of Mi worn away and dentine is broadly
continnous across entire width of occlusal
surface. Posterior lingual infundibulum of
M2 sometimes worn away. kxposed dentine
between cusps of M3 joined and the anterior
lingual infundibulum usually worn away.
but  posterior  lingueal  infundibulum  sull
present.

Class  XVI P2 sometimes  missing.
Posterior lingual mfundibulum of P3 com-
pletely worn away. in P4 usually isolated
or worn away. Occlusal surface of M1 often
flat and tooth somctimes nussing. Dentine
between cusps of M2 broadly continuous and
posterior  lingual  infundibulum  usually
solated or worn away. Qcclusal surface of
M2 sometimes shows a marked concavity.
Anterior lingual infundibulum of M3 worn
completely away but posterior lingual in-
fundibulum still present.

Class XVII—P2 and P3 sometimes missing.
Posterior lingual infundibuliim of P4 worn
away. M1 sometimes worn (o gum line and
occlusal  surface slopes markedly o the
lingual edge. Posterior lingual infundibulum
of M2 invariably worn away and exposed
dentine  very broadly continuous across
width of tooth. Fxposed dentine between
cusps of M3 broadly continuous but posterior
lingual infundibulum present.

Class XVHI—P2 and P3 sometimes mis-
sing. M1 sometimes missing and often worn

to the gumiine or helow; this tooth frequently
shows a distorted occlusal surface. Occlusal
surface of M2 often slopes markedly toward
lingual edge and is sometimes worn alntost
to the gum-line. Dentine of M3 very broadly
continuous, and the posterior lingual in-
fundibulum appears as a tiny recess on the
lingual edge.

Class XIX—Oune or both P2 frequently
mussing. M often missing or nearly worn
away. Lingual edge of M2 worn to gum line.
Posterior Tingual infundibulunt of M3 usually
worn away and dentine forms a broad
figure-of-cight on occlusal surface.

Cluss XX—Scveral teeth often missing or
reduced to stubs. MU ivariably missing or
appears as a distorted stub. M2 almost
completely worn away and trequently shows
a distorted  occlusal surface. M3 often
slopes steeply towards the lingual edge, with
centre worn (o gune line or below,

Allocation of chronological ages

In the first mstance crude chronological
ages were assigned to the age classes using
the method advocated by Laws (1966, 1968).
Cranial and  mandibular  measurcments
(Table D). and mandible weights and the
rale of toth wear (Table 2), suggest that the
age-class series from [-=XX does in fact
represent an increasing age-scale. As Laws
(1966, 1968). referring Lo the clephant and
the hippopotamus, stiles “the age groups
are a ranked scries and while we can be
conlident that they represent a series of
increasing apes the allocation ol absolute
ages presents ditheulties. In spite of this an
attempt has been made to allocate ages to
the groups because even rough approxima-
tions to a true chronologicil age-scale,
which can later be refined. are more usetul
than relative ages™.

Iirstly, at ligure for probable maximum life
expectiney  was  determined  which  would
sel the approximite age of the oldest wear
clins (XX). There is. as far as | know, no
documented record for maximum longevity
for the species  attained  under  wild
conditions.  There arc. however. several
records from zoological gardens (Table 3).
Considering these available records a maxi-
mum ccological longevity of about 40 y
was assumed for the bluck rhinoceros. This, as
will be scen fater, is a fair estimate based on
the cstablished rate of wear of the teeth.
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TABLE 5
Sowne longevity vecords of black rhinoceros in ool wgical pardins
Date
Sex  seceived Age at death Lozality Author Remarks
< ? 22y 7 months London Flower (1931)
By 25.5.06 25y 5} months Chicapo Crandall (1964)
— 324 27 y 10 monilis Pretoria Crandall (1964)
3 19.5.35 4y Chi Rabb (pers. comm.) “Pharaoh”
2 19.5.35 Sull living Jan. " Rubb (pers. comm.) “Mary”
1969, aged 36 y
— — 49 y+ —

Flower (1931)

* This was a Great Indian one-horned thinoceres ( Rlinocires unicornis 1)

Next a more or less subjective time-scale
was cstablished, which estimated the clapsed
tinte between the different age-classcs by
reference to the assumed potential Jon iy,
and by examination of scven known-age
demtal record- of captive rhinogeros. Dental
development records (by X-ray and direct
examination) were obtained for one female
al the ages of 5L 12, 18, and 24 months,
on a 19-month female, an $1-month male.
and a 408-month male. Crude ages were
thus assigned 1o the age classes.

Finally, these crude ages were refined by
reference (o 17 dental records obtained from
known-age wild rhinoceros. These 17 records
were collecled from immobilized  animals
which varied in age Trom birth (Class 1)
10 6 y; in several cases the birthday of (he
animal was known to within o [ow days
(Table 3). Four animals were immobilized
twice and one three times. Some of these
were examined at intervals of approximately
2y, and one 31 y after its original immobiliza-
tion (Table 3). Refined chronological mean
ages were then assigned 1o the series up to age
ss X1 (mean age 8 y) with the assessed
degree of variation recorded in lable 4,

Mean chronological ages of later age-
classes were established by reference to the
dental development of the known-age animals
which had been examined twice. I'rom the
known times of full eruption of the various
teeth, and typical occlusal paiterns which
are shown two or (hree years luter, it was
possible (o project subjective mean ages (o
older age classes.— — -

In the final analysis, data from the captive
animals were not used in the refinement of
the crude chronological ages assigned. Thus
all the caplive or semi-captive rhinoceros
examined showed retarded growth rates,
all being relatively small for their age.

“Rufus” for example, a semi-captive male
rhinaceros in Tsavo raised from less than a
week old, shows a retarded growth rate.
His mandibular dentition was X-rayed when
he was 6.8 v of age and he showed the exact
dental development of a5 y old wild animal
(Plate 1a).

Laws (1968) has outlined the hypothetical
eflects of captivity and nutritional status on
tooth wear ol herbivorous species, In view
of the diel of captive rhinoceros, including
lucerne (Medicago sariva L.) and soft succu-
lent plant material, one would expect the
tooth wear to be less in captive rhinoceros
compared with wild rhinoceros of similar
age. Plate tb shows the state of wear of the
manchbular dentition of “Pharaoh’”, a captive
male black rhinoceros which died in the
Chicago Zoological Park at the known age
of 34 y. I am indebted (o the Chicago Zoo-
logical Park and the Field Museum of
Natural History for providing this material,
From the examination of the wear patlern
and measurements of the teeth (his animal
would be placed in age class X Vi1 (25+3y).
Thus above the age of 25 y the relationship
of the estimated age to the actual age of this
single captive record agrees with expectation
(i.c. the captive animal appears to be younger
on the basis of the dental characters),

The (wo examples quoted above cast
doubt on attempts to develop age criteria for
black rhinoceros from known-age captive
animals, and this js undoubtedly true for
other specics (Laws 1966, 1968). Because of
the fairly Jarge sumple of precise known-age
young wild animals available it is considered
that up to age class X1 (81 y) the ages
assigned in Table 4 arce very accurate, and
that beyond this class the mean ages assigned
to the material are probably accurate to
within the limits shown in Table 4. Interesting
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confirmation of the validity of the age scale
constructed is provided later in this paper.

Finally, the age criteria developed were
compared with those suggested by Loster
(1965) and Anderson (1966). Because of a
lack of known-age material Foster (1963)
did not allocate precise ages to his material.
llowever, all his broad subjective classes
fit the age criteria developed from known-
age wild animals in this study. Anderson
(1966) presents data on tooth eruption of
young wild black rhinoceros whose approxi-
mate date of birth had been noted in the
Hluhluwe Game Reserve, Zululand. Speci-
men H30, a specimen of exact known age
(7.25 y), was born carless and hence easily
recognizable. This specimen fits (he "Fsavo
ageing criteria exactly. Some ol the younger
animals from Hivhluwe Jit the Tsavo age
series well,

Some other specimens [rom 1Huhluwe are
apparently anomalous. Specimens H22 Vzmd
H46 show that the permanent P4 has fully
crupted while the deciduous P2 and P3 are still
present. The normal sequence of ecruption
15 from anterior 1o posterior, and nonc of
the Tsavo specimens showed this anomaly.
In specimen HIT from Hluhluwe (an animal
recorded as 14 months old) M2 was in the
pracess of eruption. Unfortunately /\ndcpu!}
does not indicate il the term “eruplion
refers to eruption above bone level, gum level,
or the actual formation of the tooth bud
within the alveolus. e states, relerring to
P2 and P3, that “the remaining milk pre-
molars are replaced at about two vears of
age” based on comparison with one specimen
whose age was recorded as o= 2 y. In the
Tsavo and Ngorongorao collection this event
occurred, at the carliest, at 4 -= 0.5 y and
on avcrage at age class VIIT (SiO.iA ¥).
One wild female rhinoceros was examined
at Ngorongoro at a known age of 5.08 y.
The permancnt P2 had displaced the dect-
duous P2 in the right ramus; in the lefl
ramus the deciduous P2 was sitting loosely
on top of the permanent P2, The other
deciduous premolars were still present (Plate
1a). This rhinoceros was of average size
for its age, and had also been examined at
anage of 3.2 y.

Mortality and survivorship

Of the 506 specimens colleuted' in the
Tsavo National Park, 477 were assigned to
the-age classes. Specimens were collected

from all arcas of the park and for purposes
of analysis arc considered (0 represent one
population. Adult and immature black
rhinoceros skulls can survive for a consider-
able period in an arid environment (Goddard,
1967), and the collection is assumed to
represent the mortality occurring between
1958 and 1968, on average 1963

A survivorship curve, represenling both
sexes, was constructed in the usual manner.
Thus all animals in the sample have reached
the age of 0 (birth). Because all arc this
age or older the numbers progressively dying
in each age-class arc subtracted to give the
survival to the next class (Table 6). The raw

TABLE 6
Survival table for the black vhinceros population
in Tsavo compiled from the raw duta

Age (v) Duaths  Survivors
0

0 477

4 477

} 476

B 473

2 409

3 461
Vil 4 440
vin 5 401
IX [} 378
X 7 364
Xl 8 42
XIr 9 36
X1 10 200
X1y 12 255
XV 14 192
XVI 17 134
XVIL . L2 96
XVII . . 25 61
XIX .. .. 30 32
XX .. .. as 8

data from Table 6 were plotted on a semi-
logarithmic scale showing the survivors to
cach age class (Figure 1). In this type of
plot a"slraight line represents a constant
mortality rate (Laws 1966, 1968).

Tt scems certain that young rhinoceros
(up to ¢. 2% y) arc under-representea i;]
the collection. Rhinoceros crania and mandi-
bles from young animals are quite fragile.
and arc dragged away by scavengers and
demolished in a short time. This™ consider-
ably lessens the chance of atlention being
drawn to the carcass. Haowever, adult and
immature crania and mandibles are massive
structures  and  survive for many years
(Goddard, 1967).

Because of the under-representation of
young animals, the curve was completed
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Figure |
Survivorship curve for black rhinoceros in Tsavo
Nosionad Park,

by estimating recruitment at birth according
to the method used by Laws (1960), inter-
polating up o the age of 3y, and assuming
that the data represent female survivorship.
Tt was also assumed that the population was
stable; this assumption is supported by the
lield observations and is probably correct
(sce below).

Recruitment at birth was estimated by
assuming a mean age of “recruitment’
maturity of' 5.5 y, and a mean calving interval
of 2.5 y (Goddard, 1967 and unpublished
data). There is cvidence that reproduction
in the black rhinoceros continues into very
old age. One very old lemale at Olduvai
(age class XIX) was found to be pregnant.
From the survivorship curve the survivors
arc summed from 6 to 35 y. This gives a
hypothetical population of 4120 adult females_
which should produce 1648 calves per year.
Assuming a sex ratio of 1:l at birth, 824
of these calves should be female. Summing the
rest of the females from the curve this gives
a total hypothetical population of 7545
females. Estimated recruitment at birth is
thus 10.9%.

TABLE 7

Model life table of the Tsavo black rhinoceros
population

Age class diy d. I q. Iy oy
(x)

[{] 130160 1000 160 920 8,40
141 840 168 770 8.90
2 7 03 6 133 652 9.60
3 55 68 606 112 572 10,00
4 40 0 538 93 513 10.19
2 27 .}3 488 68 471 10.18
7
8

=

15 3455 68 439 9.89
25 31424 73 408 9.5
25 31393 79 37 9.30

9 20 25 362 69 350 v.04
10 20 2533 74324 8.68
11 2] 2 312 83 299 8.33
12 20 25 286 57 273 B.06
13 20 25 261 96 248 7.78
14 20 250236 106 223 7.55
15 20 250t ] 198 7.38
16 17 21 L86 13 17s  7.32
17 4 17 165 103 156 7.20
[ 13 I 148 108 140 6.97
19 I 14132 106 125 6.74
20 10 12 L3 101 112 6.49
g 9 106 104 100 6.16
2 9 I 95 116 90 582
23 8 10 84119 79 5.51
24 8 [ 4138 69 5.19
25 7 Y 4 140 59 4.92
26 6 7 55127 51 4.65
27 5 6 48 125 45 4.28
28 5 6 42 143 39 3.81
29 5 6 36 166 33 3.36
0 5 6 30 200 27293
k]| 5 6 24250 22,54
32 4 R I8 280 15
13 3 -+ 13 308 1 1.94
) 3 4 9 445 7 1.5
5 2 2 5 400 4 1.4
36 2 2 3 660 2 1.0
3 { ! 11000 i 1.0
Rt 1 0 0 — 0 —

Talal: Y R398

Table 7 shows a model life table for the
Tsavo black rhinoceros population based on
the above data with the [, values calculated
to show the survival of a cohort of 1000.
The d',, d., yx, L.x and ¢ valucs are also
shown. Annual morlality in the first and
sccond year of life is about 16 % and
the indicated mean annual mortality from
510 25 y is 9.8%. I'rom c. 260y onwards
the mortality rate rises slowly.

Table 8§ shows a theoretical model of the
Tsavo black rhinoceros population. The
I, values from Table 7 were summed
and cach L, valuc converted lo a percentage
of 1he total to show a theoretical percentuge
age structure of the living population (Table
8). Thesc percentages were converted to the
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TABLE 8

Theoretical structure of the Tsivo black rhinoceros
population and loss throvgh wmortality per vear

Structire  Struclure Mortality  Actual
Age of popula- of a cohort from life number of
class  tion (%) of 1000 table (%)  animals
last
thiough
mortality
in cohort

of 100
0 10.9 109 16.0 17.4
1 9.2 92 16.8 15.4
2 7.8 78 13.3 10.4
3 6.8 08 1.2 7.6
4 6.1 ol 9.3 5.7
5 5.6 56 6.8 3.8
6 5.2 52 6.8 35
7 4.9 49 7.3 3.6
8 4.5 45 7.9 35
9 4.2 42 6.9 2.9
[[}) KR 8 7.4 28
11 36 in 8.3 1Y
[ 32 32 X7 L8
13 30 30 g0 2.8
14 2.7 27 10.6 R
15 2.4 24 11.8 2.8
16 2.1 21 1.3 24
17 1.8 18 10.3 1.8
8 1.6 16 10.8 1.7
19 1.5 15 0.6 1.6
20 1.3 13 101 1.3
214 1.2 12 10.4 1.3
2 1.1 H 11.6 1.3
23 1.0 10 1.9 1.2
24 Q.8 8 13.5 [
25 0. 7 14.0 1.0
26 0.6 g 12.7 0.8
27 0.5 12.5 06
28 0.5 5 14.3 07
29 0.4 4 16.6 0.7
30 0.3 3 20.0 0.6
31 0.2 2 25.0 0.5
32 0.2 1 28.0 0.6
RX] 0.1 1 ROV 0.3
M 0.1 1 44.5 0.4
KE) 0.1 1 40.0 0.4
6 — — 66.0 —
a7 — - 100. —
Total:  100.0 1000 -— 1t

theoretical structure of a living cohort of

1000. The gy values in Table 7 were used

to caleulate the theoretical  numbers  of

rhinoceros actually lost cach ycar in each
age class of the cohort (column S, Table §).

This theoretical model shows a total loss
of t11 rhinaceros each year over the entire
age scale in a cohort of 1000. Fstimated
recruitment  at  birth  was 1099 (i.c.
109 rhinoceros were recruited to a cohort
of 1000 each year). Assuming male and female
survivorship to be similar (they may be

different) it is suggested that this is strong
evidence ol a stable population, and supports
the validity of the age-scale constructed.
Further confirmation of this is demonstrated
in an analysis of the living populations
presented below,

Assuming that the population s stable,
the mean expectation ol life at birth is 8.4 ¥
rising to 1.2 v at age 4 y and then falling.

Description of habitat types
Briel” descriptions of the various habitat
tvpes in the ecosystem and their current
black rhinoceros densities are given below:
these refer to conditions during 1967-1968.
The position of the habitat types is shown
in Digare 2: relative densities are shown
in Tahle 9 and refer 1o Goddard (1969).
Structures of the living rhinoceros popula-
tions are ~hown in Tabte 10, More detailed
descriptions of some ol the habitat (ypes
will be presented in a paper on food pre-
ferences.
TABLE 9

Mea densitios of Black chinocer: iin eacl: densiny
st 5 of Tsaio (0 1968 (Goddurd, 1969)

Stratum Mean density
(rhinacerosfkm®)

Yery high 1.4

High 0.

Medium 0.4

Low 0.1

Very Jow 0.04

Habitat 1. Low rhinoceros density. Aruba-
Buchuma grasslands: open grassland domin-
atedd by Chloris roxburafiana Schult. Sericoco-
mopsis pallide (S. Moore) Schinz is a very
common shrub. Ground herbs sparse, with
Heliotrapium sp. locally common. Scattered
and spurse growths of Cordia gharaf (Forsk.)
Ehrenb., Grewia sp. and Asnisores ukamben-
sis Lindau. Commiphora destruction almaost
complete, bul patches of Commiphora scrub
present in south-castern corner. Tree cover
very sparse  with - Plarveelvphium  voense
(Engl) Wild, Melia volkensii Guerke and
Delonix elata (1.) Gamble. Part of_block__
appears o be burnt regularly, by fires
started from the railway.

Habitat 2. Low rhinoceros density, Murka
grasslands: Open grasskind dominated by
Chioris sp. and  Cenchrus  sp. Scaltered
Grewia sp., Cordia gharaf, Acacia sp., and
Platycelyphium voense, Ground herbs such
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as Heliotropium sp. and Cassia mimosoides
L. locally common. Comumiphora scrub in
sparse widely scatiered patches, Tree cover
sparse with  Sericocomopsis  pallida locally
common,

Habitat 3. Low rhinoceros  density.
Mkomazi Game Reserve: essentially fcacid-
Commiphora serub over large arcas. Sericoco-
mopsis Sp. colonizing open areas. Grewia
sp. and Cordia sp, are common shrubs.

Habitat 4. Medium rhinoceros density,
Open bush-gras-land with Chloris sp. locally
common. Connmiphora destruction complete,
and very sparse regeneration of (his genus.
Indigofera  spinosa Forsk. and Blepharis
lincarifolia Pers. Torm a mat throughaout,
together with  Pupalia lappacea (L) Juss.
Grewia sp.. Cordia sp.. and  Cawcanthus
alhidus  (Nied)) Nied.. widely  scatiered,
Cucsalpinia trothae Harms and Se icocomopsis
/_”.(l//l]/ll locally common in a few areus.
lfcc cover very sparse with Dobera glabra
(Forsk.)) Poir. and  Boscia  coriucens Pax
scattered throughout. Lawsonic inermiy L.
common on bunks of scasonal stream beds.

Habitat 5. tigh rhinoceros density. Scrub-
bush  grassland. Commiphoera  destruction
complete in southern part, and very little
regeneration ol this penus. Grasses such us
Schmidtia pappophoroides Steud, and # vpaar-
rhenia scattered throughout, fue igofera spi-
nosa and several spectes ol Tephrosia abund-
ant. Both species of Sericocomopsis present
bu; not common. Indigofera vohemarensis
Baill. very conunon in sand ravines with
L.uu:\'rmiu inermis along the banks. Grewig
Sorbesii Masi.. Grewia lilacing K. Schum,,
Grewia villusa, Cordia sp., and Cuesalpinia
trothae scaitered throughoul. Regeneration
ol Boswellia hildebrandrii locally common.
Tree cover sparse with Boscia coriaced
common, and Acacia and  Deloniv elata
scattered throughout.

Habitat 6. High rhinoceros density, Bush-
scrub. About 90% of Commiphord totally
dc?lroycd. Pupalia  lappacea,  Indigofery
spinosa, Tephrosia villosa (L.Y Pers. and other
Tephrosie_are common with Helinus integri-
folius (Lam.) Kuntze scattered throughout.
b‘uu/xinig taitensis “Taub., Dirichletia glawces-
cens Hiern and Grewia villosa are common
shrubs with  Cau: longiracemose  Vatke,
Grewia forbesii, Grewia lilacing, and Premng
resinosa (Hochst.) Shauer locally common,
Indigofera vohemarensis common in sand
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ravines. Common trees are Boscia coriucea
with deucia torilis (Forsk.) Hayne and Acacia
mellifera (Vahl) Benth, scattered throughout.
Grasses such as Schwridtia pappophoroides
colonizing some open areas, Lawsoniu inermis
conunon on bank fringes of dry stream beds,

Habitat 7. High rhinoceros density. Open
bush-grassland characterized by Hyparrhenia
and Schwidria pappophoroides. Commiphora
destruction virtually complete. Very little
regencration of this genus, Perennial grasses
common. /adigofera spinosa is very common
throughout with Indigofera schimperi Jaub.
& Spach locally common. Carcanthus albidus,
Lremna resinosa, and Sericocomopsis pallida
are common shrubs with Dirichletia glauces-
cens, Caenalpinia trothae and Bawhinia iaitensis
scattered  throughouwl. fBoscia coriacea and
Sulvadora persica 1. are common  {rees,
Some regencration  of  Acacia.  Lawsonia
inermis comnton on hanks of dry stream beds.

Habitat 8. High rhinoceros density. Large
arcas of climax Commiphora woodland. 1n a
few ureas damage to  Commiphora and
Stereulia considerable. and regeneration of
former is abundant in open arcas. Grewia
lilacina. Premna resinosa. Bauhinia raitensis,
Grewia sp. and Cordia sp. common. Blepharis
fincariifolic forms a dense mat with an
abundanee of Tephrosia viflosa and patches
of fudigofera arrecta A, Rich. scattered
throughout. fudigofera vohemarensis common
in sand ravines. Boscia coriaceda, Acucia
rortilis, and Conmmiphora sp. are common
trecs.

Habitats 9 and 10, High rhinaceros density.
Thcxg habitat types closely resemble habitat 8
described above.

Habitat 1. Very high rhinoceros density.
Very thick bush ‘and scattered woodland.
Common trees are  Adansonia digitata L.,
Avacia sp., and Defonix elute. Ervthrochlamys
spectabilis Guerke, Bauwhinia  taitensis and
Premma sp. are common shrubs. Succulent
herbs are abundant and ground legumes of
several - species  of  Indigofera, Tephrosia,
and Crotalaria occur widely.

Habitat 12. Very high rhinoceros density.
Very thick bush and open  woodland.
Adansonia digitata, Acacia sp., Commiphora
sp.,  Plarveelyphium  voense and  Sterculia
Sp. are common trees. Ervihrochlantys specta-
bilis. Bauhinia taitensis and Premna resinosa
with Hibiscus vitifolius L., Pavonia patens
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(Andr.) Chiov., Grevia bicolor Juss. and
Grewia villosa form a dense undergrowth.
Ground legumes including Tndigofera schim-
peri, Cassia minosoides,  Tndigofera  sp.,
Teptivosia sp., and Crotadaria sp. are abundant
and widespread.

Tlabitat 13. Very high rhinoceros density.
Thick bushland. Adunsonia digitatu, Delonix
elara, Sterculia  sp.. Strvehnos  decussata
(Pappe) Gilg and scveral species of Acacia
are common  trees, With Bawhinia  taitensis
and Premma sp. abundant, rinmferta flaves-
cens A. Rich, is a very common shrub,
Ground herbs and ground Jegumes such as
Tephrosia villosa, Indigofera  arrecte and
Crotalaria  sp. arc  abundant.  Indigofera
vohemarensis,  Pavouia  sp.,  Hibiscus — sp.,
and Hemizygia fischeri (Guerke) Greenway
locally common,

Random samples of the populations in
the mediam, high and very high density
strata were obtained during the census of
1967—1968 (Goddard, 1969). These samples
have been included in Table 10,

Structure of the living rhinoceros populations

The structure of the living populations
within the various habitat types and density
strata is shown in Table 10. In the ground
studics cow:cull ratios were caleulated from
the actual field observations (Table 10).
Tn order to caleulate cow:calf ratios from the
aerial data all adults in the sample were
totalled and & sex ratio of unity assumed
among the aduft  population.  Fiducial
intervals were computed for the probuable
adult female population alter calculating
“a™ in the normal approximation test
(p at the 0.05 level, n>>30, z--1.96; Steel
and Torrie (1960)), and probable cow:call
ratios determined. The upper fiducial limit
of the probable adult female population was
used in calculating ratios, so cow:calf
ratios calculated in this manner are minimum
ones (Table 10).

The percentage of yearling calves represents
number of calves born cither in the year
the count was made or the year previous to
the count. Figures in parentheses after these
percentages indicate the year concerned.
Dctermination of calves ol the year was
based on body size and will be the subject of a
later paper. Ratios of yearling calves o adult
females were calculated from the actual
ground—observations and- [rom the aerial

obscrvations. In the latter case lone adults
could not be sexed so that the true ratio
may have contained a higher proportion of
adult females,

Table 10 shows that the populaton
structures, cow:call ratios and recruitment
are very similar in the various habitats
of the changing ccosystent. In most cases
there is also close agreement between ground
obscrvations and uerial caleulations in the
SUINE T IUis interesting to note the low
cow:call ratios and low recruitment in some
areas of the very high density strata suggesting
that the populations may be adjusting to
high densities. Reeruitment in most  cascs
appears to be as expected for stable popula-
tions and the population structures closcly
resemble the structures of the populations
al Ngorongoro and Oldovan: these were
considered 1o represent stable populations
(Goddard, 1967). As mentioned carlter, the
theoretical structure ol the total population
based on an analysis of natural mortakity
and survivorship suggests a stable population.

Finally, one of the strongest arguments
to support the validity of the ageing criteria
is shown from an analysis of recruitment
and first year mortality ol the living popula-
tions. Records from Table 10 show that the
mean pereentage of 1967 calves (caleulated
mainly from ground and acrial obscrvations
made towards the end of, or shortly after,
the end of the calendar year 1967) for 11
areas (18 samples) was 8.82%. The
corresponding  mean  call  percentage for
1968 for 8 areas (8 samples) was 9.07 7%,

The theoretical recruitment at birth was
estimated at 10.9%,. ite. 109 rhinoceros
born in a stable hypothetical cohort of 1000
cach year (see above and Table 8). I'rom the
model life table (Table 7) the estimated
mortality during the first year of life was
16%. i.c. of the 109 animals born at
the beginning of the vear. 169 (¢. 17)
will dic during the year leaving ¢. 92
rhinoceros (¢ 9.2%, of a stable cohort
of 1000) alive at the end of the year. This
figure represents the theoretical percertage
of yearling calves in the population at the
end of the vear and is in close agreement
with the estimated percentages from field
observations.

1t is considered that such close agreement
is good evidence of the validity of the age
criteria. Tt is argued that unless the chrono-
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logical ages assigned to the age classes were
not reasonably precise such closc igreement
would not be demonstrated. Because of the
possibility of dilferential rates of tooth wear
depending on diet it is suggested that the
same relative age-classes could be used lor
rhiroceros in other regions. but different
absolute ages may have to be allocated to
the series as Laws (1968) has suggested.

Discussion

From the data presented it s sugpested
that the black rhinoceros population in
Tsavo during the 1960% was stable, in spite
ol the large-scale destruction and devastation
of the Commiphora woodland by c¢lephant.
This is probably because the clephants have
been  remarkably  selective in destroying
Acdcia spp.. Commiphora spp. and Srerculia
$p. (Agnew, 1968). which are not important
foods of the ok rhinoceros  (Goddard,
1968). High densitics of black rhinoceros are
still present in some of the arcas showing the
most total and complete destruction of former
Commiplora woodland.

Buss (1961) in Murchison Falls National
Park in Uganda, Napier Bax and Sheldrick
(1963) in Tsavo. and Laws and Parker (1968)
in Tsavo have demonstrated that a relatively
high percentage of the diet of the Alrican
clephant is grass, and Buss (1961} showed
i a study in Uganda that this was the
preferred dict, even where woody vegetation
was available. He also suggested (har large
areas of grassland are important for support-
ing high densitics of clephant. Wing and
Buss (1970) reitcrate the importance of grass
as the preferred diet of the African clephant
in several areas of Uganda.

Conversely, Taws and Parker (1968)
present evidence that the elephant populations
in Murchison are declining, and they asso-
clate this decline partly with the disappear-
ance of large areas of former woody
vegetation.  They also postulate that one
population in Tsavo is probably in the
preliminary phase of a ¢ h_or_a slow
decline, and associate this particularly with
the massive destruction of the woody
vegetation by elephant.

At certiin periods elephant do compete
with black rhinoceros tor food in Tsavo
and there is overlap in the foods selected
(Napier Bax & Sheldrick, 1963: Goddard,
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unpublished). However grass is unimportant
in the diet of the black rhinoceros and in
Tsavo this species shows a marked preference
for legumes. 1t is possible that the rhinoceros
in Tsavo could survive in the present bush-
grassland, or even grassland, by ulilizing the
abundant ground legumes present or by
utilising  shrubs  such as Scricocomopsis
which exist in abundance in the present
grassland areas. The absence of shade did
ot appear to be a limiting factor during the
present study.

According to Agnew (1968) destruction of
the woody vegetation has “apparently now
ceased and regeneration is in progress over
sections of the park where a marked increase
in shrub cover has been recorded in the past
year”. However, this marked increuse in
shrub cover has resufted partly from the
relatively heavy and atypical rainfall during
the last few years. Whether or not this will
be a permanent condition is not known.
Morcover, destruction of the habitat has
not ceased. During early 1969 the elephant
began destroying Delonix eluta and Piary-
celyphium voense; both these species were
rarely touched by elephants in former years.

T Laws and Parker (1968) are correct in
their suggestion that healthy, stable clephant
pupulations can only be muaintained in arcas
with cextensive browse, then in drier years
the  competilion  between  elephant ~ and
rhinoceros will increase in Tsavo. Compe-
ution will probably reach crisis proportions
in drought or very dry periods, when more
browse is consumed as the grasses reach
the nutritive valuc of a poor qQuality standing
hay, or wither completely. In the long term
(possibly over a period of 50 y or more)
this could result in a reduced carrying
capacity for the black rhinoceros.

Scientific evidence for a true and real
decline in a black rhinoceros population
would take many years to accumulate and
demonstrate. The present  paper  suggesls
that the population of rhinoceros in Tsavo
during the 1960's was stable and the recruit-
ment adequate to—maintain it—Laws and
Parker (1968) have postulated that unless
population management (i.e. reduction
cropping) and habitat management is initiated
in Murchison Falls Park South this could
lead to the virtual cxtinction of the elephant
in this arca by the year 2020,

If large arcas of Tsavo continue to be

J, Gopbparp

converted from thick bushlund to g_russlimd.
by clephant activity and by the effect of
fire, and if Laws and Parker (1968) are
cortect in their  hypothesis  that healthy
stable populations of elephant can only be
maintained in areas with extensive woody
vegetation, then in an area of such low and
erratic rainfall (and in the absence ol popula-
tion management or emigration of the
elephants) the quantity of available and
palatable browse will inevitably decrease.
Viewed in this way, this can only be regarded
as a detertorating environment for browsing
mammals including the black rhinoceros.

The clephant and the rhinoceros, being
late-maturing, relatively long-lived specices,
are not likely to undergo sudden and spee-
tacular population crushes in response to
adeteriorating environment. The mechanism
ol population control of such large mammals
15 undoubledly  exceedingly complex and
would take many years of research to compre-
hend fully. However, on the preliminary
evidence presented by Laws and Parker
(1968). and as a salety prccaulion,‘nmnu‘\,‘e-
ment of the elephant populations. involving
reduction cropping, should be initiated in
Tsavo. The possible survival of one ol the
targest and most spectacular populitions of
clephant and black rhiaceros leftin existence
ntay be at stake.
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