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ABSTRACT

A two-year study wos mode of the blue wildebeest Connochoetes

tourinus tourinus in Zululand, Notal. Aspects investigated

included oge determinotion methods, growth ond condition,
reproductive physiology, hobitot interactions, ond population

dynomics., Findipgs were reloted to suggested monogement of

the species.
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CHAPTER 1

INTRODUCTION

ll.ll
JUSTIFICATION FOR CONSERVATION AND WILDLIFE RESEARCH

In the light of increasing humon populotion pressvres, conservotion
of wild onimal species requires justificotion. The aesthetic
ond culturol grounds for mointoining wildlife sonctuvories hove been
eloquently expressed (Dorling, 1960, 1970; Huxley, 1961; ond
Rateliffe, 1976), but the realities of exponential human population
growth demond thot such considerotions become increasingly irrele-
vont (Honks, 1978),

1.1.1,
ECONOMIC CONSIDERATIONS

The necessity for the economic justificotion of conservation no
longer requires emphosis: in Africo sovth of the Sohore only about
10% of the lond is suitoble for continuous crop production, yet BOX
of the people ore directly dependent upon ogriculture for their
livelihood. By the yeor 2000 the soil will have to support ot

" least twice aos mony people (Swonk aond Cosebeer, 1972). Protein-

hungry pecple demand practical evidence that proper manogement of




wildlife stocks results in the provision of protein-rich foods
from lond otherwise unsuvitoble for food production, and in the

provision of o foreign currency from tourism.

Babich (1973) lists facets of the wildlife industry, ond concludes
that wildlife vtilisation is economically viable. One aspect of
tourism is simple gome viewing: this hos world-wide appeal, ond,

for example, contributed § 27 million to Kenya's Gross Mational
Product in 1968 (Mitchell, 1948).

Gome farming moy provide recreotional hunting ond supply wildlife
products at the same time, The ecologlecol justificotion for this
form of land use has besn ergued ot length (Kyle, 1972), However,
there has been little factwol informotion on the meat production
potential in South Africa (Joubert, 1969), ond some outhors have
even doubted the value of gome ranching os o competitive form of
land use (Porker ond Groham, 1971). Subseguent to these papers,
Johnstone (1974) hos provided an exposition of o Rhodesian game ranch
where the meot yield wos in excess of the production when the some
orea wos utilised by cottle. Deone ond Feely (1974) also reported
confidence in sotisfoctory returns from copitel invested in o

Zululond gome farm.

Bigalke (1974) stotes thot in South Africo,wildebeest hove become
impoertont on lorge holdings where extensive postorol farming is
practised, Elsewhere in Africa, vtilisation of the species has
reached the stoge where domesticotion progrommes hove been initioted

{Fi&ld, 1973). A species such os the wildebeest Connochaetes

tourinus constitutes o replenishoble resource, although it moy be-
come non-renewable under certoin conditions of population insta-
bility (Tisdell, 1972). The high reproductive rote of the wilde-
beest implies thot populotions could be managed for high sustoined
yields, This situvetion is os yet not strictly opplicable to Notaol,

because populations open to utilisotion ore (with the exception of



the Zululond reserves), small ond isoloted. In controst, Child
(1971) estimotes thot in Botswano some 60% of oll meat eaten by

humans is from on undomesticoted source.

Utilisotion of blue wildebeest populotions is not without problems.
Wotson (1966) expressed concern that the Serengeti population would
act os o reservoir for o non-viruvlent strain of rinderpest, and
Plowright (1965) described the transmission of malignant cotarrh
from wildebeest calves to domestic stock. In the Kruger Naotional
Park, Young, Wegener ond Bronkhorst (1969) recorded seventeen paro-
sites in the blue wildebeest, six of which might significontly

affect the commerciol volue of the corcasses.

3 bt B 8
ECOLOGICAL CONSIDERATIONS

The ability of ecosystems which support humon life to persist ond
perform their functions in the foce of inevitoble environmentol
change is reloted to the complexity of these systems (Ehrlich and
Holdren, 1975). Mony ecologists mointoin thot preservation of
extensive noturol communities should be undertoken so os to serve

os buffers and reservoirs of diversity.

Mointenonce of such communities generolly requires monogement to
mointoin biological systems ot some reosonably constont composition;
effective monogement is aided by @ reseorch progrom thot provides
informotion which is interpreted in the light of monogement aims.

It hos been deplored on occosion thot ecological work in Africe

has been so centred on the lorger vertebrotes (Watson, 1966), but
no other continent hos such o diversity ond cbundance of lorge land
mommols, ond they are the only port of the founo amencble to
mancgement ond vtilisotion. Short {1???] maintains thot wild

onimals ore o virtuolly untopped source of informotion, ond that
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research findings moy be relevant to the problems confronting mon-
kind, especiolly in the field of population reguletion. In view of
the rote at which African ecosystems are being modified, field
studies under natural conditions while opportunities exist become of

importance.

IIEI
HISTORICAL PERSPECTIVES IN ZULULAND: BACKGROUND TO THE PROBLEM

The history of wildebeest populotions in Zululond, ond in particular
the Unfolozi Geme Reserve (Fig., 2.3.), is essentiol for the under-
standing of present monogement problems., Probably no other Africon
wild life sonctuory has suffered so morkedly in the past from human
impoct. This impoct took the form of meosures to erodicote the

tsetse fly Glossino spp..

Archoeologicaol evidence suggests thot humon ectivity took ploce in the
Unfolozi orea over half o million yeors ago (Paornell and Penner, 1973).
Vincent (1970) hes outlined the more recent history of Zulu tribal
occupotion, ond the subsequent historicol developments summorised
below are besed on his poper. By 1B40,European hunters hed orrived
in the orec: depletion of wild life resources continued until the
proclemotion of Umfolozi Gome Reserve in 1897, A further proclaomo-
tion of 1907 extended the reserve, but deproclomation in 1915 opened
the entire areo south of the White Umfolozi to hunting (refer to

Fig. 2.3.). With increasing farming octivity bordering the reserve,
the problem of tronsmission of nogona (tryponosomiosis) from game to
domestic stock orose, with resultont pressurisction from farmers to
erodicote the food reservoir of the tsetse fly within the reserve.
Speciol Shooting Areos were estoblished odjocent to the reserve to
act as Buffer lones, and the stotus of the reserve itself was uncer-
toin until the Division of Veterinary Services assumed full contrel

in 1940. 1In 1942 the nogono compaign was initioted - on ottempt to



eradicote gome (excluding the Squere-Lipped Rhinoceros Cerototherium

simum) in Umfolozi Gome Reserve.

Up until this stoge, vorious species formerly prolific in the orea
hoed clready been eliminoted by hunting. Larger species eliminoted

included elond Tourotrogus oryx, elephant Loxodonta africono, wild

deg Lyceon pictus, hippepotamus Hippopoteomus amphibius, brown hycena

Hyaena brunnea, oribi Ourebio curebi, lien Panthera leo, giraffe

Giraffo comelopordelis,and cheetah Acinenyx jubatus. The last three

species hove been re-estoblished in the reserve in recent years,

the lion independently of man, The wildebeest stotus wos relatively
unaffected, ond Hobley (1926) estimoted between 400 gnd 500 aonimols
in Umfolozi, and 400 in Hluhluwe Game Reserve. By 1938 on estimate
of 600 in Umfolozi and 400 in Hluhluwe was given by Jeannin (1951).

Prior to the stort of the nogona campaign, Mentis (1970) estimated
Unfolozi hod o populotion of 300 wildebeest. EBetween 1942 ond

1950 some 70000 onimals were shot (Vincent, 1970), which included
1025 wildebeest (721 were shot within the reserve, ond the remoinder
in the Speciol Shooting Areas). The campaign is described in detsil
by Mentis (ibid.); the relevont fact emerging is that by the end of
the compaign,wildebeest, zebro Equus burchelli end impolo Aepyceros

ma]umEus hod been exterminoted.

In 1952 the Division of Veterinary Services relinquished control of
the area to the Maotal Parks Board. Contrel of pooching was instigated
both in Umfolozi Reserve and in the Stote land nerth of the Block
Unfolozi (the Corrider: see Fig. 2,3.). Gome dispersed from
Hluhluwe Reserve into Umfolozi, and by 1959 concentrotions of wilde-
beest ond zebra were such that it wos considered that they would
compete for grozing with the squore-lipped rhincceros. Consequently

a policy was instigoted te exclude these species from Umfoleozi, but
this remained in force for only o short while, and by 1960 wildebeest

were ogoin permonently resident in the oreo south of the White



Unfolozi. Human populotion disturbonce (ond,  loter, Fun:ing] pre-

vented migrotion westwords out of the reserve.

Smuts (1972) has shown thot migrotion ollows for the rotational use

of summer ond winter ranges. Relotively sedentary populations with

no predatory checks must ultimotely result in hobitot degrodation,

and stoge 3 of Savery's (1963) ecologicel regression scole (Fig. 1.1.)
wos ochieved oround 195%. Deteriorotion in veld conditions wos

noted east of Dengezl and the Matshemnyomo Hills, ond in the Meva,
Mpekwa and Mfulumkuly oreas clong the White Usfolozi River. This

was ottributed to the influx of zebra, wildebeest, warthog Phacochoerus
aethiopicus, squore-lipped rhinoceros and waterbuck Kobus ellipsiprymnus
from the Corridor, Mentis (1970) uvsed the kill figures from the

nagena campaign to derive estimotes of past ond present biomasses,

and his tentotive conclusion wes thot the post-nogana stocking rotes

in 1967 were excessive.

Although the first culling progromme was underteken in Hluhluwe Gome
Reserve in 1954 (729 wildebeest were shot), removal of wildebeest in
Umfolozi begon only in 1959. Table 1.1. shows the extent of removel
by culling or copture from the Complex ( "Complex" hereafter refers
to the Hluhluwe - Corridor - Umfolozi areas regarded as a unit),
Although culling progrommes were aimed chiefly ot wildebeest and
warthog, other species which have been subject to control include
impolo, zebro, woterbuck ond nyalo Trogelophus angosi.

Table 1.2, provides o breaokdown of some census dota. The relotive
percentoges of the total population ore disployed grophically in

Fig. 1.2. to illustrote major chonges in distribution in the Complex.
The relotive percentoges of the population in the Corridor and
Unfolozi follow on inverse pattern, implying that the mojor movement
potterns ore between these two oreas. High removal rotes in 1970,
1971 ond 1972 moy have coused o drop in the relotive distribution in
Unfolozi. Despite these fluctuations, Umfolozi has experienced a



TABLE 1.1, ¢ The numbers of wildebeest removed (by culling ond
capture) from the Central Complex, Zululend. Data
from Notal Parks Boord files. Fligures should be
token os opproximote, os there ore numerous coses of
conflicting totals in the files., Hence, results ore
not in complete ogreement with those published by
Vincent (1974).

(HGR = Hluhluwe Gome Reserve
UGR = Usfolosi Gome Reserve)

HGR and N. CORRIDOR UGR and 5. CORRIDOR COMPLEX
T SHOT CAPTURED SHOT CAPTURED TOTAL
1954 278 0 0 0 278
1955 4351 0 (] 0 451
1956 NO DATA 0 0 0 NO DATA
1957 309 0 0 0 309
1958 199 0 0 0 199
1959 1300 (1] 25 0 1325
1960 462 0 270 0 732
1961 382 0 359 0 741
1962 348 i} 546 0 894
1943 418 a 526 0 P44
1964 326 0 509 0 835
1965 427 0 782 0 1209
19656 544 15 451 0 1012
1967 Jaé 44 308 63 B8Ol
1968 145 3l 187 479 842
19469 144 130 159 417 B52
1970 226 1037 41 0 1304
1971 99 207 183 1030 151%
1972 132 al &9 1430 1682
1973 127 164 291
1974 50 341 371
1975 0 0 0 0 0




TABLE 1.2, Census figures for wildebeest in Umfolosi Reserve,
the Corridor, ond Hluhluwe Reserve, showing relotive
percentoges of the totol Complex populotions,
Doto derived from NPB files (except for 1944, 1949 ond
1951, which are estimotes of Sidney (1966)). As in
Table 1.,1., the files contoined conflicting doto e.g.
the HGR subtotal for 1967 has been odjusted to agree
with the grond totol for thot year. The 1969 figures
myst be regorded os highly suspect: they ore so for
below the 1970 figures os to suggest on impossible
rote of increase,
vEAR |U.G.R. | o F | corrInoR Tﬂ;’ﬂ H.G.R. m;‘u e
1944 NO  DATA  AVATLABLE 650
1949 " " " 1000
1951 " “ N 1000
1942 5793
1965 | 1042 13,3 3755 47.9 3027 38,6 7824
1967 | 1062 28,2 2037 54,1 667 17,7 3766
1968 NO DATA  AVAILABLE 1646 38,2 4305
1969 | 1507 40,0 1598 42,4 661 17,5 3766
1970 | 3367 52,9 1972 31,0 1024 16,1 6363
1971 | 2182 42,9 2067 40,6 835 16,4 5084
1972 | 1454 41,4 1292 36,8 743 21,7 3509
1973 | 1950 56,9 812 23,7 667 19,4 3429
1974 | 1364 50,8 764 28,4 559 20,8 2687
1975 | 1358 520+ MO CENSUS
1976 | 1347 50,1 751 27,9 591 21,9 2689

* 5. Corridor only.




Fig, 1.1, 1 Theoretical successlon of atoges of escological
regresslon under unmonoged conditiens.

Stoge 0 : Mumerous onimol species live in aopparent
stobility on o ronge ewhibiting high
plont diversity.

Stege 1 1 Mommols begin to opprooch potentiol

rotes of increoss,

Stoge 2 1 Adverse habitot chonges leod to reduction
in vnodaptoble aninal species (e.g reed-
buck). Hobitot is however closer to
optinum for some species (e.g. Impala),
leading to higher rotes of incresse, with
concomltont boost In biomass.

Bore ground morksd; decline In nusber of
polatoble shrubs. Treess show @ pro=
nownced broves Line.

Stogs 3

Stege 4 ¢ Animal specles decline scceleroted.
Grownd cover oleost limited to unpalotobls
apecien.

Stoge 3 1 Desert conditions eppronimate.

(Adapted from Sovory, 1943).

Fig. 1.2. : Chonges in the relotive percentoges of census
figures for the three mojor subdivisions of the

Complex.
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steady rise in relotive distribution, with o corresponding foll in
the Corrider. Lotterly, the Hluhluwe relotive distribution has
remained fairly constaont, possibly indicuting the limited desirable

haobitot in thot reserve.

Fig. 1.3, indicotes the effects of gome removol progrommes on the
Complex population, The accuracy of counts varies from yeor to year;
the discreponcy between the 1969 and 1970 figures is for beyond that
ottributoble to the onnuaol increment, and reflects the mojor differ-
ences in ground counts (1949) ond derial counts (1970). These
differences would not however couse morked errors in the relotive

distribution between the Complex subdivisions (Fig. 1.2,}.

1.3.
TAXONOMY AND DISTRIBUTION

1.3.1.
TAXONOMIC STATUS

The genus Connochaetes (Lichtenstein, 1812) is classified as follows

fVﬂn Richter, 1974):

Order Artiodoctyla, Svborder Ruminantia, Infraorder Pecora, Fomily

Bovidoe, Subfomily Hippotroaginoe, Tribe Alcelophini, Genus Connochoetes.

Ansell (1971) places it in the subfamily as Aleelaphini end the Tribe
Connochaetini. Leaky (quoted in Ansell, 1971) placed the genus with
the Bovini on osteologicol grounds, ond based on the foect that wilde-
beest shore some diseoses with cottle. However, features such os
pedol ond preorbitol glonds, o single pair of mammae, and seasonol
calving ore oll Alcelophine. There are, morecver, behavioural grounds

for assoclating wildebesst with hortebeest (Estes, In: Ansell, 1971).

Roberts (1951) recognised two seporate genera: Gorgon towrinus (Blue
Wildebeest) ond Connochoetes gnou (Black Wildebeest), but the
presence of fertile hybrids ( Van Ee, 1962; Zukowsky, 195%) negotes




Fig. 1.3. :: Chonge in wildebeest numbers in the Complex from
1945, Points are census figures; histograms
indicote the number of wildebeest removed in any
porticulor year. Census volues prior to 1970

are questionoble (see coptions to Tobles 1.1, and
1.2 ).
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separotion ot genuvs level, ond Connochaetes is now the occepted

generic nome, with the species nomes remoining os obove. Historical
developments in toxonomic nomencloture ore troced by Ansell (ibid.),
Sidney (1966) and Talbot ond Tolbot (1963). Alternotives in sub-
species nomencloture, os with most taxonomic treotments, oppeor in the
literoture. For example, Allen (1939) recognised the Angola wilde-

beest o= o subspecies Connochaoetes tourinus mottosi, which wos loter

regarded (Ellerman, et ol 1953) as synonymous with C.t. tourinus.
Talbot and Talbot (1963) may have been in error in designating the
Western White-bearded wildebeest as C.t. hecki, os both Sidney [1966)

and Ansell (1971) agree on C.t. mearnsi as the subspecies nome.

I have accepted Ansell's (ibid.) division into five subspecies, wviz.:

C.t. tourinus (Burchell, 1823) Blue Wildebeest

C.t. cooksoni (Bloine, 1914) Cookson's Wildebeest

C.t. johnstoni (Sclater, 1896) '

C.t. olbojubotus (Thomas, 1892) Eostern white-beorded
wildebeest

C.t. mearnsi (Heller, 1913) Western white-beaorded
wildebeest

It is with C.t., tourinus that this study is concerned,

1.3,2,
DISTRIBUTION OF CONNOCHAETES TAURINUS

Fig. 1.4. shows the limits of distribution of the species in Africa.
The post ond present Southern Africon distribution hos been described

in detail by du Plessis (196%), from which source maps have been
draown (Figs. 1.5. and 1.6.).

In South Africa, the populotions originally extended north of the
Oronge River in the Cape ond Orange Free Stote, over most of the
Transveol, and into niorthern Notal. The species occurred in South

West Africo, except in the subdesert of the south and west. The



Fig. 1.4, : The limits of distribution of Connochoetes tourinus
in Africa, (After Sidney, 1968).






Fig. 1.5. : Past distribution of C. tourinus in Southern Africa.
(After du Plessis, 1969).

Fii. 1.6. : Present distribution of C. tourinus in Southern
Africa, (After du Plessis, 1949),
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originol ronge outside South Africo is documented by Ansell (1971).
There is evidence that the extent of the species from Tanzanio south-

wards hos not been continuous in historical times.

With regord to the present distribution, the species in the Cope is
limited to the extreme north (Kalohari Gemshok National Park).

After extinction in the Orange Free Stote, reintroductions took ploce
(Van Ee,.lﬂﬁij. Kettlitz (1962) reports that the animal is no

longer found in the centrol and southern Tronsveool, ond thot, outside
the Kruger Motional Pork, the stotus is most secure in the Pilgrim's
Rest area. Originally confined to the northern gome reserves and
surrounding farms in Natal (Vincent, 1962), reintroduction has ccecurred
in-uthar physiogrophic regions in centrol, southern and north-western

Notal (Mentis, 1974).

In South-West Africa, the wildebeest fowours the north-east (Sidney,
1966), The species is widespreaod in Botswona, except in the south-
east (Smithers, 1968). In Angols, it is confined to the south, cen-
tral ond eastern areas. Child ond Sovery (1964) record the species
mainly elong the southern ond western borders for Rhodesia, but not

in the Zombesi Volley. Rock pointings from the Matopos ond Morandellas

of C. taurinus suggest an eorlier more widespread distribution (Cooke,

1964), ond indeed reintroduction has token place in the Motopos.

The above present distribution patterns refer to C.t. tourinus.

Zambio contains both this subspecies (in the south-west, west of the

Kaofue rivar}.und a relict populotion of C.t. cooksoni in the Luongwa

Valley in the eost. This lotter subspecies moy hove extended into

Malawi (Sidney, 1966). C.t. johnstoni, now extinct in Maolawi, is

found in Mozombique, north of the Zambesi. This subspecies now

occurs with C.t. tourinus (Telle, 1975), although the latter tends to

occur south of the Zambesi. C.t. johnstoni extends inte southern

Tanzania, where it intergrades with C.t. albojubatus (Sidney, 1966).

In Kenya and Tonzania, the Rift Volley divides C.t. albojubatus
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from C.t. mearnsi, the former occurring in north-ecstern Tonzonia

and southern Kenya, east of the Rift Valley, and the lotter west of
the Rift Valley, including the Serengeti ploins (Ansell, 1971).

Sidney (1966), ofter o detoiled analysis of the distribution of the
Blue Wildebeest, concluded thot the raonge had not altered appreciably
over the last fifty years.

lid‘i
THE PURPOSE OF THIS STUDY

There hove been three mojor works on C. tourinus, oll from Eost Africe.

The eorliest work was done by Talbot and Talbet (1963) in western
Maseilend, and included doto on growth, poresitology, behaviour,

migrotion and population chorocteristics.

Estes (1966, 1969, 1974) provided a detailed occount of the behaviour
of the species, bosed on work in the Ngorongoro croter. His emphasis
was on territoriclity, ond the differences between sedentary ond

nomadic populotions, outlining the ethologicolly odoptive feotures of

reproduction.

The third investigotion of note wos carried out by Wotsen (1966, 1969,
1970) in the Serengeti, ond was chiefly concerned with populotion

dynamics ond reproductive physiology.

A more detailed review of the literoture follows in the relevant
Chapters. In generol, one connot assume thot the data on reproduc-
tive physiology from BEast Africe ore directly opplicoble to Seuthern
Africon populotions, os mojor differences exist in foctors like
photoperiodicity, roinfoll ond nutritional plenes. For similer
reaosons, methods of oge determinotion in Socuthern Africe require inde-
pendent study. Further, little informotion is avoiloble on popula-
tion dynomics ond predictions, condition, and the multiplicity of

foctors contoined in feeding ond hobitot selection.
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Section 1.2, emphosised the necessity for monogement of the wilde-
baest in the Central Complex. To bose monagement policies on
scientific grounds, it wos found thot there were consideraoble gops
in the knowledge of the species in Zululond. With this in mind,

the study included the following objectives:

o) Age criteria: these were o prerequisite to evaluating growth
rotes, oge ot sexuval moturity and reproductive senescence, aond

the age structure of populotions..

b) Reproduction: doto on oges ot sexval maturity ond on the season-

ality of calving were required to investigaote rotes of increase.

c] Range utilisation: os populotions were being controlled in order
to prevent overutilisotion of the oveilable food supply, infor-
motion was reguired on the extent to which wildebeest were re-

sponsible for the production or utilisotion of overgrazed oreas.

d) Population Dynamics: to determine whether a population is in-
creasing, decreosing or stoble, it is necessary to examine
notolity, mortolity ond the foctors governing these porameters.
Doto of this noture provide o fromework for population trend

prediction.

1t was envisaged thot doto of this noture could (in oaddition to its
application to management), be incorporoted inte a Land Capability
Analysis for South Africa, where occurote information on oll noturol
resources could be pooled. Knowledge of ungulote species ecolegy,
particulorly of those species which may flourish if marginol habi-

tots, is essentiol if Land Copobility Planning is to be effective,

With the obove objectives os o fromewerk, fieldwork was begun in

1973, ond continuved for two yeaors.
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CHAPTER 2

STUDY  AREAS

El 1l
INTRODUCTION

The mojor portion of the fieldwork was undertoken in Umfolosi Gome
Reserve. Datao collection on hebitot interoctions ond feeding
behoviour wos centred in this reserve, as it wos chiefly in this
area where herbivore populations were exerting considercble impact
on the habitot. Moteriol from culled animols wos olse collected

from Umfolosi.

Data from the other oress (the Corridor ond Hluhluwe Gome Reserve),
making up the Complex, were derived maoinly from peopuletion ond
distribution analyses only., For these reacsons the bulk of the

study orea description below concerns Umfolosi Gome Reserve.

Culling materiol from Umfolesi wos supplemented by doto from oddi-
tional enimals culled or coptured in Mkuzi Geome Reserve. Aport
from occosional herd clossificotions, no other doto were collected
from Mkuzi. It is considered thot the Complex and Mkuzi wilde-
beest populations ore, in zoogeogrophical terms, so similer thot the
Mkuzi culling doto ore directly opplicable to those of the Complex.

Clearly, this ossumes thot the two populotions have similar nutritional
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status, ond thot sociol fectors (including population density) are
not significontly different. OF necessity, this ossumption was
mode, ond in brood terms is probobly volid. Agoin, becouse of the
gbsence of dato on hobitot reletionships in this study from Mkuzi,

I hove limited the Study Area description for thot reserve in favour

of Unfelosi.

2.2,
LOCALITIES

2.2.1,
THE COMPLEX

The Complex is situvated in central Zululond, Natol. Geogrophic
relationships to Natal ond the rest of Africa are shown in Fig. 2.1..
It is some 94 000 hectore in extent, ond comprises Hluhluwe Gaome
Reserve (14 250 ha), the Corrider (32 000 ha) and Unfolosi Game
Reserve (47 753 ha). The interconnecting Corrider (Fig. 2.3.) is
in foct unallocoted Stote Lond, but ecologicolly ond in the context
of land-use hos functions identical with those found in the legally
procloimed reserves bounding it. The Complex thus forms a single
unit, wvirtuvally entirely contoined by gome-proof fencing, ond sur-
rounded by relotively primitive Zulv agricultural development. In
many respects the Complex corresponds to an 'islend ecosystem’
(Plate 2.1.). Subsequent references to the three Complex subdivi-
sions will be mode os HGR, the Corridor, and UGR,

2idids
MKUZI GAME RESERVE

This area (opprox. 24 300 ha) is situvoted east of the Lebombo Moun-
tains on the Mozambique Ploins (Fig. 2.1.). An ecological extension

of the reserve to the south is formed by Stote Lond (Nxwala Estates),



Fig. 2.1 : Geogrophic relaotionships of the Complex ond Mkuzi

Gome Reserve to Natol ond Southern Africe.
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which mokes on odditional BOOD ho ovoilable,

2.3
TOPOGRAPHY

2.3.1.
THE COMPLEX

In UGR, the topogrophic features hove largely resulted from o series
of upheavals, ecch followed by an erosional cycle (Downing, 1972).
This interploy between tectonics and pedimentotion resvlted in the
present-day occurrence of three land surfoces within the reserve:
Miocene, Pliocene and Quaternory. The oldest Miccene surfoces are
found on the summits of the higher fectures, The Pliocene surfaoce
is represented by gently wnduloting topography, aond forms the mojor
part of the reserve. (Quoternary components form the more recent
vaolley ploin terraces, which are alluvial in origin. The reserve
extends westwords from the confluence of two mojor rivers, the Black
and White Umfolozi, from on elevotion ot this point of 45m,to 57%m

ot the summit of the Zintunzini Hills on the western boundary.

The Corridor is a tract of generolly hilly country, ot a higher
elevation than UGR, interspersed by narrow valleys and occasional

plains.

Moximum oltitude in the Complex is cttained in HGR (&650m). The
hills in this reserve hove o more pronounced slope than in the
Corridor, ond descend reletively steeply into the cotchments of the

Hluhluwe ond Nzimane Rivers.

2.3.2.
MEKUZI TOPOGRAPHY

Essentiolly flot topogrophicolly, the reserve is elevoted only in
the west by the Lebombo foothills.



Plote 2.1. : Sotellite Imoge of the Complex (Ecorth Resources
Technology Sotellite, 29.1.73). Hobitot
degrodotion outside the Complex is so morked
that the Complex oppeors demorcoted even in o
black-ond-white image (with infro-red photography
the effect would be for more pronounced).
Boundories of the Complex lie within (not on) the

doshes.

b = Block Unfolosi River
w = White Unfolosi River
L = Loke 5t. Lucio

0 = Indion Oceon



PLATE 2.1
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2.4.
GEOLOGY AND SOIL ASSOCIATIONS

Adequate geological ond seil descriptions ore found only for UGR
(Downing, 1972).

2.4.1.
UMFOLOSI GAME RESERVE

As described by Downing (ibid.), the sedimentory rocks ore composed
of five series. The Toble Mountoin Sondstone series is very locol-
ised, and is represented only by the Mhlolokazana Cliffs. The
Dwyka series is found chiefly olong the western boundory. The
lower Ecca series comprises sholes which moy be exposed on Pliocene
surfoces. Overlying this series is the Middle Ecco, prominent in
the hills in the wilderness area in the south of the reserve.
Differentiol weathering of this series haos resvlted in o terraced
topogrophy disployed on hillslopes. The finol series of sedimentary
rocks is the youngest Stormberg sediments, represented by exposures
along the eastern boundary.

The igneous geologicol component is represented moinly by dolerites
which intrude through the sedimentory strote in the form of dykes
and sills. Other volcanics, in the form of bosalts and rhyolites,

ore fairly localised.

Inasmuch as the nutrient content of vegetotion reflects the minerol
stotus of the soil on which it wos grown, the soil-wildlife reletion-
ship is importont. 1In East Africa, Anderson and Talbot (1965) have
indicoted thot gome distribution patterns are ot least partially
dictoted by soil types, probobly medioted through vegetation species
composition. The derived soils of the reserve ore reodily correloted
with woodlond communities ond topogrophy, such thot Downing (ibid.)
wos oble to describe three mojor associotions: Uplond, Bottomland and

Riverine soils. The Uplond soils are shollow, suffering from rapid
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drainage ond consequent leoching. They hove o chorecteristicelly
low woter storoge copacity, resulting in soil moisture stress for
ossocioted vegetation during the dry season. From the Pliocene
surfoces five Uplond soil series hove been identified: Williomson,
Arcadia, Springfield, Mispoh, ond Kicoro.

The Bottomland soils ore of tronsported origin, reflected by occu-
muletions severol metres deep on clluviol terroces and valley

bottoms. The presence of Corbonote nodules, revealed by erosion,
indicotes o degree of illuviotion, ond occounts for the high fertility
of these soils. A higher moisture storoge copocity is found,
olthough these soils will seasonally dry ouvt, resulting in the
precipitotion of dissolved corbonote salts os noduvles., Eight soil
series have been defined in the Bottomlond Associotion: Weldene,
Uitvlugt, Bonheim, Rensburg, Sun Valley, Doveton, Mokotini ond

Sturrocks, The last three series ore exceptionolly fertile.

Unconsolidoted, unstoble alluvia up to 5 m deep constitute the
Riverine Associotion. The mojor components of these olluvio ore
sands and silts in the beds ond bonks of the Block ond White Umfolozi
.riuarﬁ. Coorse alluvium extends some woy uvpstreem of tributaries
entering these two rivers. This Associotion clearly has o perennial

ovoilaobility of soil moisture.

2.4.2,
MKUZI GEOLOGY AND PEDOLOGY

During the Cretoceous, the flotter ports of this reserve constituted
part of the sea bed (Vincent, 1972). The marine deposits were sub-
sequently overloid by sonds ond volconic derivotives from the Lebombo
mountoins., Conseguently, rhyolitic-derived soils predominote in the
western foothills which merge into quaternory sond-derived soils
towards the eost.
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2|5-|
CLIMATE AND WATER RESOURCES

2.5,
THE COMPLEX

A general pottern of hot wet summers (October to March inclusive) ond
mild dry winters (April to September inclusive) applies to the Complex
os a vhole. The detoils below pertein chiefly to UGR, ond may be
taken os opplying to the Complex, with the exceptions of rainfall and
temperoture, HGR hos a meon onnuol roinfoll figure of 985mm over

35 years, compored to 668mm for UGR over o 15-year period,

<. 5.1.1.
TEMPERATURE AND INSOLATION

Downing (1972) hos detoiled the differences in intensity of insolo-
tion for slopes of different ospect. In generol, south aspect slopes
receive less insolotion thaon north ospect, ond eost cspect slopes

receive less thon west.

Temperotures recorded over o seven-year period ot Mpilo, UGR (Alti-
tude 290m) are given in Table 2.1.. Meon monthly temperatures ronge
frem 23,3°C to 27,2°C during summer (Dctober te March inelusive), ond
from 19,3°C to 22,5°C in winter (April to September). The moxime
recorded in the Toble hove been exceeded at other lower-lying places
in the reserve. Temperoture inversions may occur during the dry

season. Frost does occur, but rorely (Vincent, 1970).

2.5.1.2.
WIND

P

Wind strength is generclly from light to moderate in the Complex.
Southerly winds occur during the dry season, but will only produce

roin if cool ond overcost conditions persist for severol days.



TABLE 2.1. Air temparatures ( °C ) recorded at Mpila, Umfolozi Game Reserve, from April 1940
to March 1963, and from September 1966 to September 1970 (After Downing, 1972},
i GNTH —= |0CT | Nov [DEC [JaN | FEB | MAR | APR [MAY [JUNE | JULY | AUG | SEPT | ANNUAL
M [Absolute 39,4 40,0 (40,0 | 43,3 | 40,0 | 40,0 | 36,7 |34,4 |31,7 | 33,3 | 40,6 38,9 | 43,3
f:l * Meon 28,4 | 29,4 |30,7 | 32,6 | 32,9 | 29,9 | 27,6 | 26,7 |25,3| 25,3 | 24,8 | 26,8 | 28,7
M |Absolute [10,6]10,0 [13,3 16,7 | 8,3| 6,7 10,6 | 8,9 | 7,2| 67| 89 |10,0| 67
T?i - Mean 18,2 118,5 119,92 | 21,8 | 21,6 | 20,3 | 17,4 |15,7 (13,2 13,2 | 14,8 |17, 3| 17,6
MEAN 23,3 | 23,9 |26,3 | 27,2 (27,2 | 25,1 | 22,5 |21,2 [19,3]19,3 | 20,8 | 22,1 | 43,2
MEAN DAILY RANGE {10,2|10,% )10.8 }10,8 11,3 |'9,6 (10,2 11,0 |12, 1112,1|12,0] 9,5 | 11,1
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This uncommon winter precipitotion tokes the form of o light drizzle.
Towords the end of the dry secson hot ond dry northerly and north-
westerly winds predominote. With the onset of summer, souvtherly
winds eccount for most of the roinfoll, often accomponied by a drop
in temperoture of up to 10°C (Downing, 1972),

2,5.1.3.
PRECIPITATION AND WATER RESOURCES

Table 2.2, shows the reainfall in mm recorded ot Mpile from 1959 to
1974. The meen annuel roinfall is 676,7mm, including the 1963
total. This yeer wos unique in living memory, in that 352, 5mm
wvere recorded for July clone, with 2B1,5mm on one specific day
(Downing, iEiE'}' The anomoly is so morked thot inclusion of this
July figure lends morked bias to the meon figures. In the table,
I hove braocketed the meon figure for July when the 1963 figure is
excluded. Excluding the 1963 annuol totol from the mean total, a
figure of 650,3em resuvlts. This is obout 66% of the mean ennual
total for HGR. About 728 of the meon onnuol roinfell in UGR falls
during the summer roiny season, from October to March inclusive.
Monthly roinfoll decreoses from the end of March, ond occosionolly
no roin moy fall from Moy to Avgust inclusive, with June and July

normally the driest months,

Inspection of Toble 2.2. will show the morked monthly and annual
voriotion. To demonstrote deporture from the norm during the study
period, Fig. 2.2.was prepored. Totel reinfall during the study
period wos some 14% below overoge. Monthly potterns oppeared to
correspond to the norm, except for vnusuolly early roins which fell
in August ond September 1973. Both these months received the
highest roinfoll ever recorded for them; indeed the September total
formed the moximum monthly contribution for thot yeor. Of mojor
significonce to vegetation was that the fellowing month, October

1973, received the leost roin ever recorded for that month. Annual



TABLE 2.2. : Reinfell figures (mm) from 1959 to 1974, for Mpile, Umfolozi Gome Remerve. Ses text
for explenation of July meon. (Doto from MPE files.)

MONTH 1959 | 1960 | 1961 | 1962 | 1943 1964 1965 1944 1947 1948 1769 1970 1971 1972 | 1973 1974 | HEAN
JAN 1091 19,5| 72,7 | 61,9| 91,6 |178,7| 29,3 |219,8 | 32,7 | 49,5 | 29,9 | ®3,5 |224,9 |130,0| 25,7 | 79.0]| 89,9
FEB 12,7 134,8| 72,0| 10,3| 198,3| 26,7| 28,0 51,6 |247,4 | 28,7 | 19,3 21,0 28,2 [226,5]| 77,1 | 12,0 8,4
HMAR 12,0 &7, 41133,6 1134,5) 114,00 | 15,4 13,0 | .8 46,86 | 127,93 | 222, 5 83,3 | 68,32 | 37,7 20,4 | 50,7 7.4
APR 18,2| 92,5| 68,0 | 47,1 40,0 74,9| 44,4 | 34,5 |118,6) 95| 37,9| 29,5| 75,2 10,2| 32,1 | 28,8| 47,6
MAY 76,0l 7,9| 25,1| 50| o,0| 90| 11,0]| 12,0| 11,5] o0,0| 252 44,3 [124,0| 72,4| 24| 34,2| 29,5
JUN 0,0 6| 75,3| o,0| 85| 12,5| 67,1| 27,5| o,0| 24| 40| 10,9| 0,1| 49| 20| 19,5| 20,1

(8,8)
T 24| 19| 45| o5|352,5| 3,2| 195/ o,0| 10,0 31| 20,8 00| 24,2| 23,1 18,8 o0,0| 30,3
AUG 7| 41| 65| 3,5 1,8| 77| 80| 190 70| :,9| o0,0| 42| 160]| 7,4| 78,2 79| 20,2
SEP 18,5| 48,7 | 64,0 9.6 8,1 .5 40,5 18,%| 22,0| 24,9 | 58,0 47 .9 | 20,0 2.0 (2001 35,3 aw,7
ocT B0, 5| 32,4 61,3 | 62,7 68,6 |196,8) 78,6 28,4 92,4 | 48,8 | 130,1 95,1| Bs6, 4| 60,9 22,1 63,7 T4, H
NOV 48,5| 204,4 | 123,8 | 87,3| 77,3| 59,5| 109,7| 75,6 |194,4| 59.8 | 45,6 |133,2| 37,1| 70,4 78,9 | 98,6| 94,0
DEC 62,9 | 321,8( 46,9 [117,3| 35,9 | e83.,5) 23,0] 78,1 53.8B|143.5| 3.5 24,6 | 94,4 70,2 31,0| 91,5 82,1
mt'- 479,5 | 944,0 | 756,7 [ 569,7 |1072,6 | 679, 4| 524.1 | 655,2 | 736,4 | 549,4 | 626,8 | 597,5 | 788,8 | 726,7 | 588,8 | 501,4 | 676,7




Fig. 2.2, : Comparison of roinfall potterns during study
period with mean potterns (data for Mpile, UGR).
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cycles in plant physiology were thus initioted earlier than usuval,
and then halted or retorded os o result of an abrupt change in
rainfoll, The effect of such stresses on vegetotion that haos

evolved with o dry seaszon/wet secson climote is unknown.

Some field observotions may serve to illustrote the climatic stresses
sub-tropical vegetotion ore subject to. A period of relotively
little rain in February 1974 was followed by a sudden increase in
March, The low rainfall period presumaobly induced @ "winter
response” in some of the woody plonts, for severocl species {555515

nigrescens ond A. grondicornuta) responded to the Morch roinfoll by

producing o flush of new leof buds, essenticlly o “spring response".
Further, seosonol growth cycles between monocotyledons ond dicoty-
ledons oppeor to be initioted by different foctors. For exaomple,

by the end of July 1973, roinfall hed contributed to the formotion

of green growth in short gross swards, but had had no visible effect
on trees. Conversely, towords the end of September 1974 most of

the Acacia species hod come inte leaf (presumobly the preximote
foctors were daylength and increcsed temperature), but the reinfall
had been insufficient te cheonge the oppecronce of the graosses. The
result was a morked visuval disparity between the green of the Acoclas

(particularly A. nigrescens) standing in the dry, yellow grosses,

An odditionol obvious effect of voriotion in roinfall pottern is
that peok vegetotion produvctivity will tend not to occur ot similor
times every yeor. Agoin, this wos well illustroted during the study
peried in UGR. Observations mode in mid-February 1974 showed vege-
totion to hove olreody assumed the chorocteristic dry winter oppeor-
ance, By controst, observotions ot the end of February 1975 gove
the subjective impression thot the wvegetotion had ottoined peok

greenness and biomass,

Non-meosureable precipitation occurs as fog, mist ond dew. During

the dry seoson these phenomeno moy contribute significontly to the
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moisture avoiloble to plonts. Fog occurs particulorly in winter,
when it is confined to volley systems. It is morked ot down, but
vsually dissipotes by 0900 hrs (Downing, ibid.) Mists ore frequent
in summer in higher lying oreos, porticularly in HGR. Dense dew may
occur on winter nights. Lightning ond thunderstorms are frequent

in summer, but hoilstorms ore rore. Observotions of lightning
starting veld fires hove been made in the Complex by Notol Porks
Boord staff (Downing, ibid.), and one can consequently assume that
fire hos been on ecelogicol foctor in the orea before the orrival of

Qi

The aveoilobility of woter to onimal populetions is o mojor factor
influencing their distribution. Precipitation is cleorly the moin
source of woter, but the ovoilaobility is governed by topography,
pedology and eveporotion. In UGR, the Block Umfolosi is perennial,
but agricultural maolproctices in the cotchment oreoc hove led to o
decrease in the flow during winter, ond to on increased frequency of
summer fleods. Vincent (1970) noted that the severe floods of
July 1963 had morkedly oltered the noture of the bed of the river,
leading to o predominontly sandy substrote os opposed to the pre-
viously rocky moke-up. Reduced flow ond depth hove hod importont
consequences on animal movement, in that the river is now fordable

for o longer period of the yeor.

The White Umfolozi river suffers from even more severe siltotion,
ond surfoce flow during winter months now ceoses entirely. Woter
iz however ovoileble in the form of scottered pools which tend to
occur beneath the banks where evoporotion is limited. These pools
tend to be mointoined by the digging behoviour of species such os

warthog, Phocochoerus oethiopicus.

All tributories of these two moin rivers have temporory flows,
corrying woter for only o few doys ofter heovy roin. Permonent

springs in the reserve hove a very limited soline flow: recorded
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situotions include points in the Nyonikazona stream (o tributory

of the Madlozi), in the Thobothi and Ntshiyano streams in the west,
ond on the slopes of Nggolothi Hill, Fig. 2.3, illustrotes the
sources of permonent water in UGR and the Corridor ot the end of the

dry seosons in 1974 and 1975.

Numerous pans occur throughout the Complex, formed chiefly by the

wallowing oction of the squore-lipped rhinoceros, Cerototherium

simum, These are temporary in noture, ond persist for several
weeks only ofter heovy reinfoll. In UGR, on artificially meintoined
pon is situveoted neor Ggoyini, ond serves os a tourist hide. Two
smoll semi-permanent lokes ore found in the eost. Dadethu Pan will
dry out in o porticulorly dry winter, but Mggizweni Pon is wore
reliable, and there ore only two records of it drying out (Vineent,
1970). I consider Mggizweni to possibly form on ox-bow loke of the
White Umfolozi. The shape of the pon is similar to thot of o
clossic ox-bow, ond it 1s surmised thaot, when the ox-bow wos cut off
from the river, siltotion econtinued in the river and ceased in the
ox-bow, The end result is thot the bed of the White Umfolozi is
now elevoted with respect te the bed of the pan, and thus allows

the water toble to be exposed in the pon when the adjocent river is

dry.

The ovoilability of woter secondory to the two moin rivers is not
of marked significance to the more mobile animols, becouse no point

in UGR is further than 8 km from either river.

The Corridor, with on onnuol rainfall of obout 762mm, hos the Nyalozi
river os its chief woter source. Although flow is mointoined only
ofter heavy roins, pools do persist throughout the winter. Northern
sectors of the Corridor embrace the perenniel Hluhluwe river. The
obsence of woter on the higher fectures of the Corridor during winter
results in relotive underutilisotion of grozing during this peried,

and the provision of woter in such oreos hos been considered os o



Fig. 2.3. : Distribution of permonent woter ot the end of
the dry segsons in 1974 gnd 1975, Doto
collected by NPB staff, ond colloted by
C. J. Forrest.
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management tool.

HGR is served by the perenniaol Hluhluwe river, which is interspersed
with deep pools ond rocky stretches. The two main tributories

the Mzimone ond the Monzibomvu, both hove yeor-round water ovoilable,
but the laotter's flow terminates in winter to leove isoloted pools.

An artificiel pon is mointoined at Munywaneni,

2.5,1.4,
EVAPORATION AND HUMIDITY

Monthly evoporation figures from Hluhluwe Dom ore presented in

Toble 2.3., The meon evaporotion for summer (October to March
inclusive) is 1039,6mm ond 679,2mm for winter (April to September
inclusive). The moximo of 236 ond 204mm were recorded for January
ond February, which ore the wormest months in the Complex. The
ratio of evaporotion to reoinfoll ot the Dom is 2,7 : 1. The
effects of evoporotion ore most noticeoble on woter in the pons.
Magunda Pan, o substonticl reservoir relotive to most pons, wos full
in lote Auvgust 1974, Three weeks loter, despite sporodic roinfoll,
the pon wos seen to be dry.

By constructing a climatic diagram, Dewning (1972) portrayed the
duration ond intensity of humid ond arid perieds, His classification
of UGR into o dry, sub-humid to nearly semi-orid climote is reflected
by the predominontly deciduocus woodlonds, composed mostly of Acaocie
spp.. The aorid winter period limits plont development. The most
arid conditions prevail en west and north-west aspects as o result

of strong ofterncon insolotion. South ond east ospects, exposed to
the poth of the roin-beoring winds, ore cool and moist in comparison

to northern ospects.



TABLE 2.3, : Monthly evaparation (wm)} ot Hluhluwe Dom from lst Detober 1963 to 3lst December 1970,
(After Dawning, 1972.)

N |FeB [MaR | aPR  |mMay o Joue |aue |ser |ocTt | Nov | DEC YEAR

MAXIMUM | 236,5 | 204,5 | 192,68 | 140,0 | 122,7 | 102,6 | 115,3 | 132,6 | 175,5| 177,0 | 185,7 | 214,6 | 236,5

MINIMUM | 168,4 }128,0 |125,2 | 108,0 | 88,4 | 78,2 | 84,6 | 101,1 | 131,3 | 143,0(124,5| 175,5 78,2

MEAN 201,2 |170,2 | 163,3 | 119,9 | 103,4 | 92,2 | 96,5 | 120,4 | 146,8 | 154,9 | 156,2 | 193,868 | 1718,8

*LZ
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ElE-E‘I
MKUZI CLIMATE AND WATER RESOURCES

The average annuol rainfoll for the reserve is obout 700mm. Raoin-
bearing winds ore, es in the Complex, southerly ond produce erratic
rainfall, largely in the form of thunderstorms. Dota from nearby
weather stotions suggest a meon summer temperature of 24,5%C ond o

meon winter temperoture of 19,5°C (Vincent, 1972).

The Mkuzi river is not perennial, and the numerous pons ore ephemerol
os o water source, as described for the Complex, Two pans in the

centre of the reserve ore artificiolly mointoined.

2,6,
VEGETAT ION

2.6.1,
UMFOLOSY GAME RESERVE

The reserve lies within one mojor veld type os defined by Acocks
(1953): the Zululand Thornveld of the Coastal Tropical Forest type.
The thornveld is divided inte two subtypes - o low ond o high
altitudinal form. The low altitude form is the mojor veld type
occurring within the reserve (Porter, 1975). UGR is predeminontly

wooded grasslond or sovonne, with Acocio spp. as the dominont trees.

The vegetotion hos been described in detoil by Downing (1972).
Essentially, he recognised three woody associations containing ten
communities, using normal asseciaotion anolysis. The ossociations
were distributed occording to soil associotions. His grouping was

o follows:

Acocia - Combretum open woodlond association

a) Acovio coffrao community

b) Acocio tortilis community
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e) Acacia nigrescens community

d) Acocio burkei community

e) Combretum opiculotum community

Acocia - Spirostochys closed woodlond associotion

a) Acocio nilotice community

b) Acocio grondicornuto community

c) Spirostochys africaona community

Acacio - Ficus riverine woodlond ossociotion

a) Phoenix reclinate community

b) Acocio robusta community

With reference to these communities, Dewning {ihii.] discussed the
effects of soil factors, fire ond the bioto on physiognomy, notably
secondary thicket encroachment. Furthar.daacriptiuns of some of
these communities in relation to wildebeest hobitat selection are

found in Chapter 7 .
Downing {ibid.) described nine grass communities in UGR:

a) Cynodon community

b) Themedo-Aristide community

c¢) Trichoneura community

d) Bothriochloa community

e) Ponicum moximum community

f) Panicum colorotum community

g} Themeda-Ureochloa community

h)  Themeda-Ponicum community

i)  Themeda community

The grosses in the Closed Woodlond ossociotion are more heovily
grozed thon those in the Open Woodlond ossocioction, as a result of
o higher soil fertility in the Closed Woodland. Although these
soils hove a high fertility they are susceptible to erosion if the

grass cover or topsoil is odversely offected. Downing's work on
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the gross communities showed o retrogression whereby climox grosses
were being reploced by mid-seral ond pioneer grosses. The retro-
gression wos oscribed to selective grazing by on increcsingly large

herbivore biomass.

Downing's (ibid.) work deemed further vegetation anclysis unnecessary
for this study. Some brood-bosed ecologicel comments on the wege-
totion of UGR caon however be included. The generol oppecronce of
the vegetotion is thot of on unstoble ecosystem, possibly in o low
successional stage. Under-tree grosses ond open grosses ore not
radicolly different, os they would be in o more stoble ecosystem

(I. MocDonold, pers. comm.). The preponderance of brood-leaved
grosses (characteristic of o low successional stoge) lends on unnot-
uvrally lush oppeorance during the svmmer. Further support to my
hypothesis of instobility is shown by the relotive obsence of regen-

eration of species like Acocio nigrescens, possibly on occount of

an overabundonce of browsers like impolo and nyolo.

2.6.2,
THE CORRIDOR

The high-oltitude Zululond Thornveld is represented in this orea.

Previously, extensive areas of Themeda triandro grosslond dominated

the hills, but many of these exponses have been invoded by thicket

in the form of Acacio koroo ond Dichrostochys cinerea. The reasons
for this invesion hove been outlined by Deone (1965).

Ilﬁlal
HLUHLUWE GAME RESERVE

A detailed vegetotion mop for this reserve wos compiled by Whoteley
in 1975. He recognised six physiognomic divisions containing

sixteen communities:
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Forest

a) Celtis efricona - Horpephyllum caffrum community

b) Celtis ofricono - Evclea sehimperi community

Riverine Forest

a) Acacio robuste - Ficus sycomorus community

b) Spirostochys ofricone - Euclea schimperi community

Woodland

o) Spirostochys ofricono community

b) Combretus molle community

c) Acocia burkei community

d) Acocia nilotico community

e) Acocia karoo community

a) Euclea divinorum community

b) Acocio karoo community

¢c) Acocio caffro community

d) Acocia davyi community

Induced Thicket

a) Dichrostachys cinereo - Acocia karoo communi ty

Grosslond

a) Ponicum maximum - Cyperus textilis community

b) Themeda triondra community

To the north-west of HGR, high forested hills are dominoted by

Celtis africana, porticulaerly on the wetter south-east facing slopes.
Mony of the south-eastern hills ere however unforested, and are

choracterised by Themedo triondra grossland subject to Acocie karoo

invasion. The lower-lying south-western regions disploy typical
Acacia woodlond, similer to thot occurring in UGR. An undesiroble

vegetation trend is reflected by large trocts of Eucleo divinorum

thicket in the south and central oreos.



Gross cover is negligible in the forested aoreas. The Themedo
triandro on hill slopes shows o chorocteristic progressive reduction
in height from toll stonds ot the bases to reletively short stonds
on the ridges. In closed woodland of Spirostochys ofricano ond

Evclea divinorum thickets, the gross Doctyloctenium australe

predominotes. A little-utilised gross, Sporobolus pyromidolis,

grows extensively in low-lying reoches, presumably old flood pluoins.

Grass-covered hills ore not all dominoted by Themeda triondra;

relotively unpolatable species like Hyperthelio disscluto may be
found in restricted elevoted areas e.g. Mashiya.

2‘6. 4‘
MKUZI GAME RESERVE

This reserve is unigue in Zululond with respect to the mosaic of
vegetation types which occurs. Moll (1968) recognised six mojor
types:

1.) The Tall Tree Sovenna, in the Lebombo orec, has Combretum
gpiculatum ond Dombeyo rotundifolic os its dominont trees.

2.) The Riverine Woodlond is dominoted by Ficus sycamorus and

Acacio xonthophloea.

3.) The Tongaland Sond Forest contoins the following main canopy

trees: Newtonio hildebrondtii, Cleistonthus schlechteri,

Pteleopsis myrtifolio ond Dolium schlechteri.

4,) Short Tree Savonno is found on the pleins odjacent to the
Lebombo ronge. Acocio nilotico ond Acacio tortilis deminote

o gross understory of Themedo triandra, Bothricchloa insculpta
ond Aristide borbicollis.

5.) Tall Tree Savanno, on red leam soils, is dominoted by Acocio

nigrescens, Ozoroo poniculosa and Themedo triondra.




33.

6.) Short Tree Savanna intergroding with Thicket lies odjocent to
the Mkuze river. Importont plent species are Acocic luderitzii

and Eueclea divinorum.

2.7
LARGE MAMMAL STATUS

2.7.1,
THE COMPLEX

Bourquin, Vincent and Hitchins (1971) listed 48 mommalian species
in the Complex. Importont contributors to the biomoss are 14
Bovid species, two species of the Fomily Rhinocerotidoe, zebro
(Equidae) ond worthog (Svidae).

Downing (1972) tabuloted estimotes of biomass for UGR, ond concluded
that o threefold increose in the biomaoss had cccurred between 1942
ond 1972. By comporing the relotive biomasses of grozers, mixed
feeders ond browsers, he showed that the biomoss increase was
coused chiefly by the grozers. This implied thot the grozing
demond for climox gross species hod declined whilst thot for mid-

seral ond pioneer grosses hod increased.

Toble 2.4, tobulotes the numbers of lorger species counted in the
Complex during o helicopter census (Whoteley ond Brooks, 1974). An
incomplete census was mode the following yeor: figures for UGR only

ore disployed, ond these ore brocketed. The Complex totols ore
for the complete 1974 census.

Brooks (1972) has pointed out thot differences in body size affect
the visibility from o helicopter of different species, and has
suggested o method of esteblishing accuracy limits for specific
species bosed on subjective considerations of the relative visi-

bilities of different species under suitoble counting conditions.
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TABLE 2.4. : Numbers of some lorge mommols in the Complex, 1974.
Dato from helicopter census. Figures for the
first five species con be regarded os being reliable;
species below the line have figures which should be
token os indicotors only. The braocketed UGR figures
are for 1975, (Hhutnlly and Brooks, 1974; Brooks,
Whateley, Forrest ond Densham, 1975.)

HGR  [CORRIDOR| UGR COMPLEX
Buffaola
(Syncerus caffer) 730 [ 809 | 956 (908) 2495
Giroffe
(Giroffo comelopardelis) 26 10 14 (36) 50
White Rhino
[En;ututhlrlun simum) 143 363 836 (1022) 1342
?éld::::I:utl 339 764 1364 (1358) 2687
Iebrao -
(Eguus burchelli) 1 562 | 657 (686) 1656
%:::::nruu melompus ) 2077 | 1641 (1986 (1224) 5704
Kudu
(Tregelophus strepsiceros) 4 264 702 (651) 1020
Common Reedbuck
(Redunce arundinum) 0 9 70 (41) 79
Mountain Reedbuck
(Redunca fulvorufula) ¢ 10 71 (33) 85
Waterbuck
{Kobus ellipsiprymnus 13 B4 527 (494) 624
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Many importont species ore grossly under-represented by on aserial
census, on agccount of their crepusculer,fossericl or nocturnel
behoviour, and are consequently not included in the Teoble. Esti-
mates of the stotus of some of these species follow. OFf the
Carnivores, lion (Ponthers lec)have been estimoted by Anderson
(1974) to number ot leaost 128, The first lion re-appecred in the
Complex in 1958 (Steele, 1970), and on unofficicl reintroduction of
severol females took ploce in 1965, Since 1966, 40 cheetah

(Acinonyx jubotus) hove been reintroduced. Present numbers ore

urkmown . Leopard [P‘ﬂnth&rﬂ pnrdus} are seldom seen but con be

assumed to be fairly common. The spotted hyseno (Crocuta crocuta)

is very numerous.

Nyala (Tragelophus nngusi] is a very common species, but the related

bushbuek (T. scriptus) is believed to hove declined, ond is now

uncommen,  Worthog ore prelific but estimotes of density ore very
hard to orrive at. Primates ore well represented by baboons (Papio
ursinus) and two species of monkeys. Of the smaller antelope,

the klipspringer (Qrectrogus ur&ntruggg} is now o rare species, but

steanbuck (Reophicerus compestris) and grey duiker (Sylvicapre g;immiuj

are Commorn .

The black rhino (Dicarﬂs hicnrnis] was estimoted by Hitchins El??ﬁ}

to number over 300 in the Complex. The stotus of this species is

ossured, and populotions are increasing.

A
MKUZT

Dixon (1964) presented o preliminary check list of the mommolian
founo. He suggested thaot the high numbers of smoller Cornivoro

{Eunis mesomelos, the black-bocked jackol, in nrticulur} ma
] i P y

occount for the poor Rodent ond Soricid representatien. Aport from

the spotted hyocena, there ore however ne large corniveres to control



herbivore populotions. Constont menogement has thus become
necessory,cimed primarily ot the prolific impele (Aspyceres melampus)
populotions. Toble 2.5. contains some of the resuvlts of the 1975

helicopter census. Species contributing significantly to the
biomoss which are not shown in the Toble include warthog and nyale.
In comparison to the Complex large mommol populotions, the following

polnts orise:

o) The obsence of buffalo (Syncerus caffer) moy detroct from the

vtilisation of long-gross orecs by other species.
b) The hobitat oppecrs eminently suitoble for impale.

¢) The wildebeest in Mkuzi do not have to compete for grazing with
o large white rhino populotion (the grazing requirements of the

two species are very similar).

2‘ EI
MAMNAGEMENT PRACTICES

The following menogement proctices are common to both the Complex

and Mkuzi Gome Reserve:

a) the use of gome-proof fences on the boundaries;

b) the removal of gome;

¢) the implementation of onti-poaching potrols;

d) the use of fire-breoks to control undesired burning;
e} the introduction of meosures to combat soil erosion;

f)  the burning of selected areas.

The historicel developments leading up to,ond the necessity for
game removel hove been discussed in Chopter 1. Moss removol
of gome has been facilitated by the Oelofse copture method (Densham,
1974). Removal was initiolly oimed at the overanll reduction of
the biomoss of grozers, but since 1972 removal in the Complex has

been designoted to specific oreaos bosed on the degree of veld
deterioration.



37.

TABLE 2.5, : MNumbers of some lorger mommols in Mkuzi Geme Reserve
and Nxwalo Estote, resulting from the 1975 helicopter
census. Species ore grouped eccording to the rello-
bility of the results, os for Toble 2.4..
(Dota from Brooks, Whoteley, Forrest aond Denshom, 1975.)

SPECIES MKUZI GAME RESERVE + NXWALA ESTATE
Giraffe 35
White Rhino 4
Wildebeest 1064
Zebrao 167
Impele B209
Kudu 304
Common Reedbuck 27
Mountoin Reedbuck 31
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Vincent (1970) records the use of fire in UGR for manogement pur-
poses between 1911 ond 1932. 1In the 1930's burning wos discour-
oged owing to the presence of numerous wooden-fromed Horris tsetse
fly trops in the reserve. This period moy hove been importent in
the estoblishment of thicket nuclei. The more recent history of
fire use in UGR has been outlined by Porter (1975). Controlled
burning ond the onnuol construction of boundary firebreoks have
been instituted since 1959. This ospect of monogement wos orig-
inolly oimed ot the prevention of bush encroachment which was con-
sidered os a threat to white rhino hobitot. Porter {é&iﬂ.} cites

the present objectives in the use of fire:

a) to remove excess litter, and stimulate plont growth ;
b) to ottroct gome owoy from deterioroting veld onto fresh
growth produced by burns;

¢} to control bush encroochment.

Since 1965, controlled burning hos been started soon after the first
spring rains in August or September. This not only simulotes the
effects of lightning but coincides with o stoge in graoss growth
wvhereby detrimental effects of burning ore minimised. Uplond ports
of UGR ore burnt once in every three to six yeors, but the Bottom-
land areos ore seldom if ever burnt on account of the relotive

obsence of litter.

Soil erosion results from over-utilisgtion, selective grozing, the
effects of trumplinﬁ and the misuse of fire. It is chorocterized
by @ reduced aerial or basel grass cover, by soil movement and by
increose in unpolotoble or pioneer gross species. In conjunction
with removal of gome from areas thus affected, onti-erosion structures

(chiefly gobions) hove been constructed since 1964,

The generol principles ond techniques of monagement hove evolved

chiefly in the Complex, but are similorly proctised in Mkuzi Game

Reserve,
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CHAPTER 3

AGE_DETERMINATION

INTRODUCTION

Eillll
RELEVANCE OF AGE DETERMINATION

The determinotion of oge is fundamental to most mojor studies on large

wild mammols, The following ospects of study into on animal's life

history depend upon division of the population into oge classes for

their investigotion:

a)
b)
c)
d)
e)
f)

the
the
the
the
the
the

attoinment of puberty;
meosurenent of body growth rotes;
peoks in fertility ;

estimotion of senescence ond longevity;
interpretotion of sociaol behaviour :

voriotion with oge of ony other physiclogicol process.

The obove ospects foll lorgely within the field of populotion dynomics.
It is e knowledge of this field which iz vital to the monagement of

mommols, ond this foct moy occount for the prolific literoture on oge

determination, which is the bosis of populotion dynaomies. A review
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of mommolion oge determination methods wos compiled by Morris (1972);
o more specific review reloting to dentition olone with relevonce to

Africon mammols hos been prepored by Spinage (1973).

= 158
REVIEW OF AGE DETERMIMATION TECHNIQUES APPLICABLE TO WILDEBEEST

Most oge determinotion techniques suffer from limitations, ond it is
thus advisaoble to use o combination of techniques where possible.
Common to oll techniques is one essentiol requirement: +the ovaeilo-
bility of onimols of known oge on which to bose or deduce absolute
ages for any specific technique, Without known-oge moteriol it is
only possible to group onimols of similor ages into oge ¢losses, and

these closses must of necessity be orbitrory.

a) Increase in mass or lineor dimensions.

Growth studies aore concerned in part with changes in mass, height
aond length of the whole onimol with oge. These chonges are
usuolly represented os growth curves; the reliaobility of such
curves is cleorly dependont on the accuracy of the oge deter-

minotion techniques used to derive them,

Ansell (1965) listed the more common parometers which ore meas-
vred in wild life studies. These porameters may show @ lineor
(isometric) relation with oge, but more commonly the relation
is non-linear (allemetric). 1In the latter cose complexity
orises in the fitting of curves to such doto. Some workers
hove fitted these curves by eye (Child, 1964; Rothe, 1965;
Piencar, 196%; Flux, 1970; Blood, Fleok ond Wishart, 1970).
Work by Beverton ond Holt (1957), based on Von Bertalonffy
(1938), has led to the fitting of theoreticol growth equations.
The Von Bertolonffy equation is discussed further in Chopter 4,
and has been used on elephant (Hanks, 1972), impola (Howells
and Hanks, 1975), ond zebra (Smuts, 19750). The use of this
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method in impale demonstrated that some messurements (e.g.
hindfoot length, ear length, ond toil length) were reletively
valueless in oge determinotion, on account of the early ottain-
ment of the osymptote (Howells and Hanks, ibid.). A similar
shortecoming was feound by Smuts [ihiﬂ.} for zebra, for he con-
sidered thot ofter two years of oge it wos olmost impossible

to estimote cge using shoulder height.

Other types of theoreticol growth equotions hove been used on
elephont (Laws and Parker, 1968; and Laws, Parker and Johnstone,
1970); on hippopotamus (Lows, 1968); and on the cottontail
robbit Sylvilagus floridaenus (Bothma, Teer and Gates, 1972).

Growth equations in this study ore considered in Chaoper 4.

The use of eyve lens moss.

The eye lens is on ectodermol structure, ond consequently dis-
ploys cpporent growth throughout life, The relation between

age and lens mass was first demonstroted by Lord (1959) on the
cottontoil robbit, end hos subsequently been used for o voriety
of larger mommols, including elephant (Lows, 1967} ond hippo-
potamus (Lows, 1968). The lens/oge relotionship can be extended
to cover foetol development as well (Nellis, 1966).

Artiodactyl fomilies for which eye lens moss hos been determined
include Morth American Cervidoe (Longhurst, 1964; Connolly,
Dudzinski ond Longhurst, 1969) and Antilocopridee (Kolenosky
and Miller, 1962). Africen studies hove used the technique on
impala (Feirall, 1969; Rautenbach, 1971); kudu (Simpson and
Elder, 1968); and warthog (Child, Sowls ond Richardson, 1965).

In all coses, there wos an initiol growth spurt, followed by
rectilineer growth in which considerable overlop of age classes

occurred, It would thus appeer thot the technigue is of
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limited use in lorge moemmals; it oppears more successful with
medium-sized mommals, Mortinson, Holten and Brokhage (1961),
for exomple, found no overlop in swomp robbits [Exlvilugul

aquaticus).

Biachemical Methods.

The biochemistry of the lens alters with oge, chiefly in the
increasing proportions of insoluble proteins. Colorimetric
anolysis of protein composition, using tyrosine os an index,
leods to occurote differentiotion between onimals of different
oges, The procedure is described by Otero ond Dapson (1972).
The method is highly occurote for smoll mommols, where reference
con be mode to o loborotory-zrecred populction of exoct known
oge., The method hos as yet received little ottention in lorge
mommals, possibly on eccount of the microchemical or biochemical

techniques involved.

Tooth eruvption sequence, ottrition, ond growth rings.

In mommalion diphyodont dentition,the deciduous teeth ore svec-
ceeded by permonent teeth in o foirly fixed sequence. The
sequence of eruption appeors to be constont within o species,
but eruption times may be altered by genetic or environmentaol

foctors.

This method, opplicoble only to young enimals, has been used
for oge determinotion of domestic stock for well over o century
(Spinage, 1973). In wild onimal species, some of which may
breed throughout the yeor, the designotion of oge classes is
hompered by the lack of known-oge moterial,

Tooth eruption schedules have been documented for many African
vngulotes, including springbok, Antidorcas morsupialis
(Routenbach, 1971); woterbuck (Spinage,1967); impola (Child,
1964; Roettcher and Hoffmon, 1970); tsessebe, Damaliscus




lunatus (Huntley, 1973): buffolo (Grimsdell, 1973): kudu
(Simpson, 1966): and bushbuck, Tragelaphus scriptus (Simpson,
1973).

The complete originol dentition of plocental mommols is be-
lieved to hove consisted of three incisors, one caonine, four
premolars, ond three molars in each jow half (Hymon, 1942).
The first premolor (Pl) has been lost in Artiodoctyl evolu-
tion (but retained in Suidae); for this resson the most
onterior premolor is termed P2. This tooth is found in both
vpper and lower jows of most ungulates, except in the cose of
vildebeest, where P; is lost in edults, leoving only two pre-
molars [HH ond F4} in the lower jaw., One moy tentotively
conclude from this thot the wildebeest shows the most edvanced
stoge in the evolution of ungulote dentition, if one acccepts

that progressive premolar loss is on evolutionary trend.

The formule for wildebeest deciduous teeth is: *

i ﬁ ':'i P :g_"g: = 20; and for adult dentition:

it el o pl2M 123
I CT o Pigg e Wiy = 90

The positions of the adult teeth are shown in Fig. 3.1.. As
with other Bovids, the molors hove no deciducus predecessors,
ond moxillory incisors ore absent. As in oll true ruminants,

the third mondibular molar has on additional third cusp. The

canines are incisiform in both form and function.

Progressive wear in teeth results in loss of enamel and exposure
of dentine. This process couses marked changes in the appear-
once of teeth. Within the cusp is o chorocteristic "pocket",
termed the infundibulum, which extends towords the roots.

With increasing wear the shape of the infundibulum changes,

ond eventually disoppears in some teeth. The change in shape

* in the obove formuloe, ond hereofter, the lower case refers to
decidvous dentition.
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moy be used as an index of age. The tooth-wear opproach to age
determination musi be vsed with coution, becouse wear varies not

only with diet but also with genetic faoctors within o species.

Mechanicol attrition of teeth begins ot eruption, ond results
from the properties of food ond ingested gritty bodies. The
first work of note in this field wos published on white-toiled
deer (Severinghous, 194%), in which criterio were described for
oge determinotion based on tooth weor in the mondible. Subse-
quently this technique ocllowed oge estimotion for thot species
up to lﬁ} years ESavaringhuua and Tanck, 1950). Designation of
age-wear closses hos occurred only comparatively recently in
wild African bovids. Routenboch (1971) used attrition in this
woy for impola, os did Roettcher ond Hoffmon (1970). Spinoge
(1967) described ottritional chonges in woterbuck up to 10 years,
and Grimsdell (1973) bosed his buffolo tooth-wear classes on

cementum annuli counts.

Age determinetion in bovids originelly centred on tooth eruption
in onimols with immoture dentition, end on ottrition in odults.
More recent oppreooches hove involved the vse of incremental
growth rings in dental histolegy. This opprooch is very impor-
tont becouse it focilitotes the ossignment of obsolute oges, pro-
vided that it con be established thot o specific number of growth
rings are loid down within g defined period., Dentine and cemen-
tum are the tissves commonly investigoted. Dentine is loid down
in incrementol lines within the pulp covity, but occlusion of the
cavity may occur within o few yeors. Cementum, however, is de-

posited in onnulor layers throughout life, externol to the tooth,

Cementum is first formed os uncolcified cementoid tissue (composed
of collegen and mucopolysoccharides), which is then loter calcified,
Spinage (1973) differentioted between two types of cementum: the

first-formed acellular cementum odjocent to the dentine, and the
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cellulor secondory cementum which is laid down when the tooth
begins to erupt. Cementum is loid down on the roots of oll
teeth in an vneven loyer, fovouring the ends of the roots and
the cavity ot the bose of the tooth between the roots. As
loyers ore loid down throughout life, the process moy serve to
continue eruption and consequently compensote for less of crown
height resulting from tooth wear. The alternoting broad,
tronslucent layers ond the norrower dark loyers ore coused by

differences in the rote ond noture of colcification.

The opplicotion of the cementum loyer technique in oge determin-
otion wos initiolly developed by Laws (1952) on marine mommals.

The work of Low and Cowon (1963) on mule deer, Odocoileus hemionus,

introduced what iz now o well-estoblished technique to North
America. Klezeval ond Kleinenberg (1967) listed 16 mommalion
fomilies disploying cemental layering. Among African ungulotes
for which the technique has been used ore woterbuck (Spinage,
1967); kudu (Simpson and Elder, 1969); springbok (Rautenbach,
1971) : bushbuck (Simpson, 1973): buffolo (Grimsdell, 1973); ond
Thomson's gaozelle, Gozella thomsoni (Robinette ond Archer, 1971).

The fusion af epiphyses.

Growth in the long bones of young mammals tokes ploce in termingl
cortiloginous epiphyses. Towards adulthood, this zone ossifies
to become solidly fused to the bone shoft. The degree of fusion
may thus serve os o guide to oge (Weinmonn and Sicher, 1955).
Exomination of the ends of long bones for epiphyseol cortilage
will provide o guide to oge. An alternotive approach which caon
be used with living onimals is to employ the use of X-Rays, for
epiphyseol cortilage is reodily opporent on rodicgrophs. The
technique in generol is possibly cpplicoble to estimating ages

of bone remnants from, for example, o kill. The methed is

limited, for it serves only to seporote juveniles from adults.
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It has been applied in the age determination of jockal, Conis
mesonslos, by Lomboord (1971).

f)  Appearance of external feotures.

Use of these feotures is opproximate, for they serve only to
differentiote between more obvious oge closses using foctors
like horn growth aond peloge oppeoronce. The lotter moy serve
only to differentiote between adults, juveniles and subodults,
but horns and their growth checks hove been used successfully

as criterio of oge in some North Americon ond Europeon bovids
(Couturier, 196]1; Geist, 1966), Simpson (1971) listed nine
Africon ontelopes for which horn shope hos been used os on Index
to oge. Seosonol fluctuotions in horn growth moy result in the
formotion of growth “checks®™, which oppecr os bands or grooves
around the horn. Simpson {1&15.} found these checks in nine
Africon ontelope.

Horn shope differs morkedly in adult Trogelophines of different
oges, but in odult wvildebeest no clear divisions into adult age
¢losses con be mode with ony occurocy. Growth checks do cceur

in wildebeest, but ore highly compressed ot the periphery of the
bose of the boss, ond ore consequently not clearly distinguishable.

3.1'3'
CHOICE OF METHODS

Some limitotions of the obove methods hove been olreody discussed.
The epiphysecl cortiloge method wos discorded as it wos considered
thot tooth ervption or even bone size would serve to distinguish be-
tween juveniles ond odult kill remoins. Complexity of biochemical
methods precluded their use when dealing with o lerge sample. The
eye lens technigue wos chosen to see if odult oge closs overlap

occurred os in other ungulotes. Triol sectioning of teeth showed
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the clarity of cementum annuli, which justified the use of incremental
layers. Tooth eruption sequence is @ clossic, simple ond occurcte
method of subadult oge determinotion, and its choice wes obvious.

With the clority of cementum annuli, it wos clear thot a tooth-wear
pottern could be estoblished on this basis.

A further considerotion in choice of methods lies in the foct thot

some methods ore opplicable only to o shot sample, whereas others
(tooth wear and eruption) can be used on living onimals. Meosurements
or mass of o restroined onimal con be reloted to growth curves, and

tooth impressions can be token (Spinoge, 1967).

311.4[
PREVIOUS WORK ON C. taurinus.
S

Tolbot and Tolbot (1963) errived ot on eruption calendar for C.t. hecki,
based on the eruption sequence of molariform teeth. This calendar,
with seven oge closses of sub-odult dentition, is reproduced in Table
3.1.. For onimals with odult dentition, progressive weor of incisors
and canines encbled thea to drow up a further toble (Table 3.2.) with
four moture oge closses. This method elso included nine sub-odult

oge closses.

Wotson (1969) used o dentine loyer count from sections of the third
moxillery moler for his work on C.t. albojubatus in the Serengeti.
Detoils of the prepcrotion of sections ond of the relicbility ond

occuracy of his method ore contoined in his thesis, which was unfor-
tunotely not avoiloble to me.

In onclysing oge structures of wildebeest killed by lion in the
Serengeti, Scheller (1972) arrived ot five odult weer closses. This
schedule of weor (Toble 3,3.) wos based on descriptions of chonges in
infundibulor potterns: it provided only an arbitrary chronolegical

seguence, ond did not attempt to ottribute absclute oges, except for



TABLE 3.1, :

Eruption ond replocement of moloriform teeth in

wildebeest from Eost Africa (C. tourinus hecki)

milk
adult

M
A

(Superscribed numeral indicates number of cusps.

Circle indicotes period when tooth first erupts.

(After Tolbot ond Tolbot, 1963)),

C. tourinus hecki

LOWER JAW UPPER JAW

AGE PREMOLARS MOLARS PREMOLARS MOLARS
3 |alalzlal2lstlalz2]s

Birth @

lw? 1 @

"REEE @

6 1 1 2 2

ke Ml | ud @ Ml | M2 | M @

15

months Ml| M3 | a2 @ ML | M2 | M2 | A2 @

26 - 28

months | w3 | a2 | a2 ml w2 | a2 | a?

30 - 33

months i QD) A2 | a2 A3 i Al 22| 2| (2

a7 - 40

months




419,

Methed for determining ege of wildebeest, C. taurinus

hecki from Eost Africa based on inclsors and conines.

Explonotion for symbols os for Table 3.1..

0 = tooth

(After Tolbot ond Talbot, 1963.)

_Hr______.h‘mring roplidly to gums

TABLE 3.2,
obsent.

AGE INCISOR CANINE

OR
AGE CLASS 1 Z 3 1
1l = 7F
days @

2

22, BOJORO)
8 - 10
months i H . .
12 = 14
months : " " It
15 - 20
months " . " N
20 - 26
months (:) H " "
26 - 33
months . @ " H
33 - 37
months A A @ i
37 - 44
months s A A (:)
Mature
Class I A A A A
Meture
Closs 11 ALA A .
0l1d A A A A
Very old A<D | A<D | A-D A-0

heoviest weor shown by
Il ond I?.

Worn low, widely spoced.

All high, relotively even,
no wear shows on C,.

;H#HFH,.Heuring towards gums, but

not into nerve canal.
#’J#H,-ngn into nerve conols,
gaps between teeth.

__——MWorn into tooth roots,
some or oll teeth missing.



TABLE 3.3. Age classes for moture C.t. albojubatus from Serengeti,
bosed on chonges in infundibuler patterns. The pre-
ceding classes not included in the Table (Classes I - V)
contoin those animols disploying immature dentition,

for which oge ronges were estimoted os follows:

AGE CLASS AGE
I 0 - 2 months
11 2 - & months
II1 6 = 12 months
v 12 - 24 months
v 24 - 42 months

{lftur Scheller, 1972.) Mote thot Scholler ascribes
infundibule to Fz. I did not conzider this tooth to
show true infundibule in C.t. tourinus.
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Vi1

VIII

Mendible: Full permenent dentition. Infundibelum
on Py usuolly open; posterior infundibulum on Py
present ond usvally open or just closed; imcisar

longth Is greoter thon 2 X the width,

Moxlllo: ul occessory Infendibulum useolly pressat;
pe oecessory Infundibulus present, ond ?II' one present
or not yot formed. Posterior infundibulun om pl
vsually present.

Hondible: Anterior infundibulum on W) chevron or
U-shoped; infundibulim on Py often clossd; postarier
infendibulum of Py presest ar cbsent, ond, If pressnt,
closed ot posterior end; incisors sval, oftes touching,
with leagth less 7 X the width.

Hoxillo: At lepst ome occessory infundibulue pressst
on H‘. ond wswally one on M2, Accessary infusdibulum
obsent on I'IJ'. tsvally no posterior Enfundibulon an

P2 ond P2, '

Hondible: Infundibulim on onterier part of My smell,
found or oval; on posterior port chevron or U-sheped;
poslarior infundibvlom on Py ocbsent; incisors owal or
rectangular, often mot touching.

Homilla: Infundibelum on antsrisr part of Ml oval ar
chevron-shoped, on posterior port U-shoped; occessary
Infundibulum on M present or obsent; onterior infundi-
bielum an F'* preasent,

Mandible: Infundlbulum worn of F anterler part of M;
and posterior port hos smoll round or owel infundi-
bulvm. Usually one or both infundibulo worn of f Py;
Inglsers some non=functional, weorn to gums, others

pound, nat touvchling.

Moxilla: Infendibulum worn off onterior port of Hl,
or rorely o smoll resnont lefi; posterior surfece hos
snall Infundibulum, Anterior infundibules of P4
pragant or obssnt.

Mandible: Both infundibule wore off M), sometimes
of f Mgy most incisers mon-functioasl.

Hoxille: fath infundibule vorm aff Il, except for
otcotional resnool oo posterior perd: (mfymdibulo
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an estimote for Age Class VI (3,5 - 5,5 yeors).

Broock (1973) applied Tolbot and Tolbot's (ibid.) methods directly
to C.t. taourinus in the Kruger Notional Park, ond did not ottempt to

drow up a seporate eruption colendor. He did however section conines
and first lower molors in order to compore oges determined from
cementum annuli counts with those derived from Talbot ond Telbot's
wear schedule. His finding was that the laotter method overesti-
mated ages of Kruger Park wildebeest, particularly in the 4 year-old
aoge closs, where the overestimotion wos as wuch oz two ond o half
years., This is omple justificotion for the need to estoblish sepor-
ote criteria for oge determinotion in separote areaos, particularly
where differences in nutrition ond soil types ore morked. (Soil

type ie on importont varicble when considering rotes of tooth ottri-

tion.)

Hitchins (puri. :nl-.} drew up an opproximate eruption calendar for
wildebeest in the Complex, but this wos found to be inodequate for
this study.

Mothods of field age determinotion for the species have been discussed
by Estes (1967) ond Petersen ond Cosebeer (1972) for Eost Africo.
In South West Africo, o photogrophic record of horn development re-

loted to oge wos compiled by zur Strossen (1969).

312!
MATERIALS AND METHODS

In this sectien I hove seporated eruption and ottrition, os the methods

pertoining to the lotter are dependent on the cementum layer technique.

312111. ¥
TOOTH ERUPTION

In species having an annuol period of parturition which is short ond
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distinct, it is relotively simple to ossign immoture dentition to
specific oge closses, becouse the young born in ony one year consti-

tute o vniform ond eosily recognizoble group within the populotion.

Eighty-two skulls of immoture dentition were ovoiloble for the deter-
mination of the eruption sequence. This number included skulls
collected from culling operations prior to the stort of this study.
Immoture skulls ore readily chorocterized by horn growth, incomplete
eruption of permanent teeth, and the presence of milk or deciduous
teeth. Horn conformotion in calves is streight or slightly bowed.

In yveorlings the bose of the horns is still underdeveloped. Develop-
ment of the boss conforms more to the adult paottern in 2 - 3 yeor olds,
but locks the gnorled or pitted appearance of adults. Deciduvous
toeth moy be distinguished by the number of cusps (Tobles 3.1. ond
3.4.) when moloriform, and by their chorocteristic spotuliform shape

when incisiform,

For each skull, the eruption phose for eoch tooth wos recorded by
plu:iﬁg o tick mark in the oppropriote box on aon eruptionf/wear

sheet ,reproduced in Fig. 3.2.. Horn growth usually indicoted
whether the onimal hod died in the first, second or third year of
life. If any doubt wos apporent, reference wos maode to Talbot and
Tolbot's (1963) colendors (Tables 3.1. ond 3.2.). An age was then
ascribed to o specific skull by estimoting the intervel from the dote
of deoth bock to the assumed birth period. This period wos defined
os six weeks, from mid-November until the end of December, and wos
bosed on observotion ond extropolotion of foetal weights (Chapter 5),
For convenience, the centrol point of this peried, i.e. the end of
the first week in December, wos token os on orbitrory birth dote.
Results were expressed with reference to this centrol point, but with

the understonding thot the error would be of the order of one month.

To orrive ot the eruption colendar, those sheets with the some

or closely similar oges were grouped. The predominont eruption



Fig. 3.2.

Form or sheet used te record stoges of eruption of
teeth ond potterns of infundibula., The number of
cementum layers for any specific molor extrocted
and sectioned wos recerded against thot tooth at
the top of the form., The stoge of eruption of
sub-adult dentition wos recorded to the left of
the double vertical line, by placing o cress in
the appropriate "box". Teo the right of the line,
the octuol potterns of infundibula were drawn in
the appropriote squore, For incisiform teeth,
crosses were ploced in appropriate "boxes", ond

measurements of Il recarded.
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pattern from each group was then token os being charocteristic of
thot group or age claoss, Sheets within o group which showed
marked deviations from the relotively consistent eruption phose of
that group were discorded on the grounds thot these reloted to out-
of-seoson births, The rority of discorded sheets lent support
to the suppositien that they did indeed relote to oaseasonol parturi-

tion,

32l
ADULT DENTITION

3.2.2.1.
CEMENTLM ANNULT

The first molor (M1) ond third molar (M3) were extrocted from either
the mondible or the moxilla., The different eruption times of these

teeth were token into account, ond ore discussed in Section 3.3.2..

The positions of the extrocted teeth were recorded at the top of the
tooth sheet (Fig. 3.2.), Teeth were sectioned dorse-ventrally
olong the long oxis, vsing o lapidory sow with o O,5mm diomond blode.
As there was no method whereby the blade could be mode to pass un-
foilingly through that section of the tooth displaying the broodest
“pod" of cementum, no ottempt wos mode to relote the thickness of the
pod to oge. Some cementum loyers were cleorly visible ofter this
initiel sectioning, but the majority required further processing by
polishing on o geological Cut Rock Lopping Mochine. A progression
of increosingly finer groin Corundum powder (from 220 to &00) ensured
o smooth finish. The finol highly polished stote wos aochieved by

using "Brosso' on o soft rag.

Variovs outhors hove reported on the necessity of preporing stained,
decolcified sections (Low and Cowan, 1963; Spinage, 1967; Simpson
and Elder, 1969). Histological methods hove been discussed by
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Steenkamp (1975). Cementum loyers in wildebeest teeth were consid-
ered sufficiently cleor not to waorront decolecificotion and stoining.
Instead, I followed the method of Mitchell (1967) by which faociol sec-
tions were viewed by reflected light under o low-power binocular
dissecting microscope. Sections were examined under o power of 25X,
but sometimes 12X power was used in order to see if the continuity of

o porticulor band persisted olong the entire depositionol loyer.

Bath light ond dark bonds were counted, but those lines lying on or
close to the dentine-cement border were discounted, os they were con-
sidered to correspond to 'eruption lines' (Spinage, 1967).  An 'erup-
tion line' is considered to be loid down os o result of heightened
physielogical processes reloting to eruvption, ond thus bears no relo-

tion to seasen. These lines were also discounted by Grimsdell (1973).

Klezeval and Kleinenberg (1967) postulated that the thin dark lines
corresponded to periods of orrested growth end the broader light bonds
to perieds of cptimol nutritien. Consegquently, most workers have
assumed that o biannual season would result in o dork line and a light
bond for each year. Spinage (1976) hos, however, shown that the annual
correlation may be spurious, and it was thus considered essentiaol te
validate the "two loyers per yeor" theory for the age determination

to be meaningful., This study wos morked by the cbsence of known-

oge odult moteriol. Co-workers in this field were unoble to assist,
ond the follewing institutions proved unsuccessful os o source of
known-oge moteriol: The British Museum of Noturol History, the
Notional Museum of Rhodesio, the Motional Museum of Zambia, the
Tronsvaool Museum, ond the Veterinary Investigotion Centre of the
Kruger Notional Park. As o result I had to rely on permanent
molariform teeth from sub-adult (for which eruption oge could be
fairly accurately determined) as being "known-oge." Consequently

o somple of first ond third molors wos olso extrocted ond sectioned

from sub-adult enimals. As the approximote age at eruption of a



I

particular tooth was known, the number of annuli on eruption cllowed
the determinotion of on odjustment factor to compensote for those

annvli leid down prior to eruption.

3,222,
EYE LENS MASS

Conzistent methods appear to have been used by most authors, end this
study followed the established pottern. The left eyebaoll was excised
os soon ofter deoth os possible, ond wos injected with 10% formolin
into the vitrecus humor. The organ waos left to fix in formalin for
ot leost two weeks. A superficiol circulor incision was then made
through the cornea, and the lens corefully expelled inte 10% formalin
until such time os it could be dried. Before drying, the lenses
were woshed in white methyloted spirits ond freed of ony remoining
attoched ciliory muscle. One hundred ond thirty-eight lenses from
animals of oll oges were used; this figure excluded those which
oppeared domaged or hod obvious cotorocts, Drying took ploce in on
oven ot 989 C. Lenses were weighed to 10'39 on o Mettler electricol
bolonce: +the first weighing was performed two days ofter plocing
lenses in the oven, ond lenses were only judged to be fully dessi-

cated when no further moss loss occcurred,

Lens moss was plotted ogoinst ervption or cementum oge, ond computer-
fitted curves were opplied to the grophs thus obtoined. A non-linear
regression line wos fitted occording to the method of Welder and Mead
(1965). A second curve-fitting progrom for the Von Bertalanffy
growth equation (Honks, 1972) was olso opplied. Both programs were
run on on IBM 1130 Computer of the University of Notel. The lotter
curve waos used in some coses to determine the age of animols for which

skulls hod been lost during the study.



3.2.2.3.
AGE DETERMINATION BASED ON TOOTH ATTRITION

Each moloriform tooth from 175 adult skulls wos considered in this
study. The infundibular pattern wos drown in the relevont box

(Fig. 3.2.). The right tooth row wos chosen in the moxille, and the
left in the mondible. This was considered to be o more efficient
alternative to “overaging" infundibular patterns between, for exomple,

the two moxillory rows.

Animols containing the some or closely similor cementum oges were
then grouped, and an ottempt wos mode to ossign o chorocteristic
infundibular pottern for eoch tooth to o specific cementum oge. It
was considered thot releting cementum oge to weor would only be of
value if the rote of wear wos shown to be recsonobly uniform with age.
Thus, to give o meosure of the reliebllity of the oge-wear chort pro-
duced, the percentage dissimilar infundibular potterns which were
"excluded" from the finol charocteristic patterns, was assigned for
eoch tooth. Found skulls were collected by field stoff ofter term-
inotion of the field study, ond their oge wos determined from the oge-
veor chart. In eddition, the chort wos used to estimaote oges for

those specimens in which cementum loyers oppeored indistinct or unre-
lioble.

Guontitotive estimotes of tooth weor moy be orrived at by measuring o
designoted zone on ony porticulaor tooth, provided that the meosure-
ment obtoined vories with oge. Watson (1967) meosured the height

of M3 in wildebeest, while Grimsdell (1973) meosured the height of
cusps and the width of the occlusal surfoce in Ml from buffale. I
chose to relote incisor heights ond widths to weor ond oge. The
height of the first left incisor wos mecsured from the tip of the
tooth to the gum line. Meosurements were token os scon after deoth
os possible to obviote errors resulting from gum shrinkoge, The

greatest width of the some tooth wos meosured ocross the occlusal



surfoce. All measurements were mode with o Vernier coliper to
10"2a8, ond troniceibed onto the tooth shest  (Fig. 3.2.).
These meosurements were then reloted grophicolly to cementum or
eruption.

3.2.3,
FIELD AGE DETERMINATION

As the calf crop of ony specific year is uniformly distinguishoble,
chorocteristics of thot crop moy be followed through into succeeding
years, When observing o herd in the field, it wos borne in mind
thot representatives of eoch oge closs would be present, ollowance
being made for the differences in oge structure between different
sociol groupings. In this waoy, notes were token of the diagnostic

field charocteristics vhereby oge groups might be separated.

3" al
RESULTS AND DISCUSSION

3.3.1.
TOOTH ERUPTION

Toble 3.4. contains 11 eruption closses orrived ot for C.t. tourinus
in this study. Adult dentition con be token os complete ot obout
38 months, but the greot veoriobillty in conine eruption may proleng
the ottoinment of odult dentition, if the criterion for the lotter
stotus is token os uniformity in the level of the inclsiform teeth.
Spinage (1973) also noted this verietion in conine eruption. The
first two clesses were poorly represented: eruption at birth wos

" based on Talbot ond Talbot (1963), and the next cless was bosed on

only two specimens. The succeeding closses could however be estaob-

lished with some confidence.

Some departure from the colendor occurs, which is explained by



TABLE 3.4.

Eruption colendor for C.t. tourinus bosed on speci-

mens from Zululand.
Explonotion of symbols:

Superscripts show number of cusps present
M milk tooth

A adult teoth
CA

1]

canine

n

a) o tip of erupting tooth just visible, level

with or balow the bone line, If the
erupting tooth is preceded by o deciduous
tooth, then this stoge moy sometimes only
be discernible on removal of the deciduvous
tooth,

b) m®m : tip of tooth now projecting obove baone
line. In odult premeclar or odult incisi-
form eruption, the overlying deciduous

tooth is often still in situ.
€} A : intermediote between ¢) and d)

d] A : eruption nearly complete; tooth is oclmost
level with other fully-erupted teeth in
the tooth row.

=1

indicates heovy weor on o milk tooth,
with smooth surfoces and no dentine/enamel

ridges.



AGE MAXILLA MANDIBLE SAMPLE
CLASS PREMOLARS MOLARS INCISORS | CA PREMOLARS MOLARS SIZE
MONTHS 2 3 4|1 2 sly 2 3| 1|l 2 5 4+l1 2 o USED
BIRTH M ! Ml Ma 1 0
0,5-075 |M MaZ M2 M Ma Ma| Ma| M M1 Md 2
5 w6 M M oM | Al M M MMM M M |A? 5
6 -8 M M M| Aa M M M | MM M M |As Ae? 6
12-<16 |H M M | A asl Ao M M [ M |M M M |A A 5
16 -« 18 M M M |A Aa Ae M M M |M M M |A A AR 6
18 - 20 M M M |A Aa A2|a M m M |M W W [A A A 9
21 - 24 M Al M |A A A |A Ae W [N |F Aol Acl{A A Aa 7
25 <28 Awl Am Acl|A A Aa|lA A W |H |H As As |A A Aa 10
28 - 32 Aa Aa Aa |A A As|A A Am|NM Aa Aas |A A Aa 11
33 <38 Aa Aa Aa | A A A A A Aa | As Aa Aa | A A A 10
38 - 46 A A A la & KNla A A |a A & |x & a 11




individual veriation, ond not by oseosonol births. The more

consistent deviotions ore listed below:

1. The second ond fourth moxillory milk premolors moy persist
through into the 28 - 32 month oge class, Of the eleven
specimens in this age closs, three (27,3%) showed this vari-

otion.

2. The second mondibulor milk premolor moy persist beyond the
25 - 28 month oge class. It wos recorded twice (18,2%) in
the 28 - 32 month oge closs, end once in the 38 - 46 month oge
closs (9%). It is olso mointolned in some odult onimals: of
178 odult mondibles examined, & (3,4%) showed the persistence
of this tooth. The moximum oge of on onimal with this devi-

otion wos 13 years.

3. The odult moxillery premolors moy not be fully erupted in the
38 - 46 month oge closs. This occurred in 2 out of 11 speci-

mens (18,2%).

Both Coughley (1965) and Steenkomp (1969) found that the age ot which
o tooth erupted wos dependent upon the oge ot eruption of the prece-
ding one, and voriaobility in eruption increased the loter the tooth
oppeored, Consequently the probability of plaocing on animal in the

wrong closs increoses with the oge of the onimal.

It is clear from rodiogrophs, (Plete 3.1.), that ot the age of about
two to three weeks there is no sign of development of the second ond
third molaers within the mondible. The some situotion (obsence of
mocroscopic signs of the second end third molors ot this oge) holds
for the moxilla. Some eruption steoges ore shown in Plotes 3.2. to
3.5.. The mondibular eruption calender is similer to that of the
black wildebeest (Toble 3.5.). Von Richter (1971) hos olso recorded
the persistence of second mondibular premolors in this species.

Comparison of the blue wildebeest eruption colendor from Zululond
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TABLE 3.5. : Mandibulor eruption colendar for the Black Wildebeest,

Connochoetes gnou.

(:j : period when tooth first erupts.
(Modified from Von Richter, 1971.)

PREMOLARS MOLARS
AGE CLASS 2 3| 4|1 |2 |3
Birth M | (W
1 month M| M| o
& months M| M| M @
13 - 17 months Ml M| M| A @)
20 = 30 months Ml M| M| A | A (:)
27 - 30 months Ml @ M| Aa]a |A
28 - 30 months Al A A |A
36 months Al Al Al A |a

INCISORS CA

AGE CLASS 2 & 1

1
Birth (:) (:) (:)
1 month M @ M M

17 - 16 manths (:) M M | M
A

17 = 24 months

{:j M | M
A

27 = 31 months A

29 - 32 months A A A (:}

36 months A A A A
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with Talbot and Talbot's (ibid.) calendar for Eost Africa shows that,
in general, the Zululand subspecies hos eorlier eruption times, with
eruption proceeding over o longer period. Teolbot and Tolbot did not
differentiote between different stoges of eruption for each tooth;
consequently I ossume thot their stoge Onumspundn to my stoge &
(Tables 3.1. ond 3.4.). On this basis, the mojor differences in

eruption potterns between the two subspecies ore summorised in Table
3‘ 5""

A similor deviotion in eruption between two populotions of the some
species hos been noted for impala. Roettcher and Hoffman (1970)
found much loter eruption of the first molor in Kenyen impala, when

compared to the Rhodesion chronology of eruption given by Child (1964).

Variation in eruption ond replocement times between geogrophically
separote populotions occurs aos o result of different nutritional
planes., Steenkomp (1970) hos shown that the oge ot which eruption
occurs in cottle is occeleroted by o high plone of nutrition. His
work on different breeds of cottle showed o further relotionship be-
tween early tooth eruvption and slow moturation. This finding oppears
to be opplicoble to wildebeest os well. For example, Eost African
vildebeest ovulote first os yeorlings wherees the mojority of Zululaend

femoles ottoin puberty only o yeor later.

Differences in eruption times moy hove functionol or odoptotional
significonce. Steenkomp (1969) mointoined thot the eorly loss of
deciduous teeth might influence the pattern of wear of the permonent

teeth, resvlting in reduced food intoke and delayed growth in later
life.

It con however be ossumed with some confidence that replocement with-
in the some populotion will be consistent, for Hemming (1969) has

shown consistency over lé yeors in o study on dall sheep, Ovis delli.
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TABLE 3.6, : Comporison of ervption potterns between C.t. tourinus
ond C.t. hecki (Besed on Tables 3.1., 3.2., and 3.4.)

¥ denctes Insufficient daotao.

DECIDUDUS | MINIMUM AGE AT WHICH MILK
DENTITION | TOOTH IS LOST (MONTHS) | DViFERENCE
C.t, tourinue | C.t. hecki

H 5 B 20 12
A i, 20 26
b s 28 33
D ¢ 32 37
I By 28 a3
i Py 20 33 13
:

Pa 20 28 8
3
"
A pe 24 33 9
¥
1 pa 24 * -
L
L pt 78 28 a
A
PERMANENT | MINIMUM AGE AT ERUPTION OF
DENTITION | PERMANENT TOOTH (MowTHs) | DIFTERENCE

C.t. tourinusg C.t. hecki
H
2 E 12 20 3
) 1, 21 24 5
; 1 28 33 5
- c 13 37 4
N My 5 6 1
L Ha & 15 9
E Hy 16 26 1o
M
A ut 5 & 1
"
I e 12 15 3
L
L Mo 18 30 12
| i |




Plate 3.1.

Plote 3.2.

Plate 3.3.

*
L]

Radiograoph of mondible of wildebeest calf, esti-
moted to be obout three weeks old. M; is below
the gum line; there is no sign of My or M,.
(Radiograph : Ms B. Tayler).

Mandibular left tooth row of femole colf, estimated
to be obout six months old.  Meither Mo nor M,

hove begun to erupt, Note that py has three cusps,
and M; two.

Moxillory left tooth row of a yearling femole,
estimated to be about twenty months old, Hote

heovy weor on decidvous premolaors.






'3‘ 3.2-
CEMENTUM ANNULT

The first molar wos found to be consistently preferoble in disting-
uishing cementum onnuli owing to the degree of development of the
cementum "pod" between the roots. In contrast, the mondibuler third
molor almost invoriobly showed o relotively thin cccretion with
onnull ill-defined. In cases where the cccretion wos uniformly dis-
tributed around the roots ond within the between-roots concovity, the
annull were better defined within the concovity or "ped." 1In some
teeth there wos o distinct breok between onnuli in the pod ond those
displayed on the inner lotercl ospects of the roots. Although
counts from the two regions moy be the some, the onnuli ore in these
coses not confluent from one region to the other. This suggests
thot occretion of cementum occurs simultoneously in different zones,
but thot there is o possible physiclogicol mechanism preventing
continuity between the zones. This phenomenon has not been described

by other workers.

Usually the first loyer loid down tends to be thicker than subsequent
loyers, in some coses up to 5X thicker. The rotes of occretion were
found to vory between teeth of the some onimol, ond within the same
tooth. In generol, the onnuli oppeored to be compressed with in=-
creosing oge, opporently becouse growth of the cementum slows ond more
onnuli must be occommodated within o norrower laver. In coses of
exceptionol weor in o molor tooth, attrition of the dentine may result
in exposure of the cementum pad at the tooth cusp (Plote 3. 6. ).

This does not detroct from the possibility of counting annuli, as

teeth of this oge hove pronounced accretion ot the roots which can be

vsed insteod.

The 30 molars ond permonent premolars from sub-adult "known-oge"
cnimals were tobuloted in terms of increasing oge (derived from the

ervption colendar), with the numbers of light ond derk ennuli recorded
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opposite eoch teoth. In the summory of results below, I hove used
"bond" to represent one light annulus ond one dork onnulus combined.
For My

15 months ( == 1 year) had 3§ baond.

30 months ( == 2} yeors) hod 11 bands.
40 months ( =A— 3% yeors) hod 21 bonds.
46 months ( == 4 yeors) hod 3 bonds.

This cleor pattern did not hold for all teeth; variotion from the
pattern in a minority of first molars waos discounted in arriving ot
the aobove sequence. Those teeth not conforming tc the pattern were
assumed to either represent deviotion from the eruption calendor, or
to exhibit onomolous accretion. This lotter phenomenon is discussed

below.

The results show o sequence from which it con be concluded thot one
bond is in foct loid down per yeor. For M), one yeor must be odded
to the number of bonds to orrive ot the true oge. This formula must
also epply to Hl, as this tooth shows the some oge ot eruvption. The
} band shewn by Ml from 15 month old animals consisted of o single
broed light onnulus, ond thus the light onnulus must be loid down
First.

The formulo for M1l was then :

Age in years = number of light ennuli + number daork annuli A

In o similor woy, correction foctors for third molors were determined.
It vos found that an addition of 24 years was required to compensote
for the loter eruption of these teeth. If ony difference in oge
resulted between estimotes based on the first ond third molars, the

mean wos token os representing the true age.

If the deposition of cementum around o tooth exhibits layering, and
if the loyers ore loid down in all teeth ot the same time of the year,



there should be o consistent difference in the number of these

annuli in teeth thot erupt ot different oges. Anderson (pers. comm. )

plotted the number of onnuli on M1 ogoinst the number on M3 for

nyale; the regression showed o high positive significant correlation.

A similor plot wos made with my daote (Fig. 3.3.). The number of

points plotted is limited, becouse

a) only teeth vith distinct onnuli were used,

b) sometimes Ml wos extrocted from both mondible ond moxilla in
place of both M1 and M3 , ond

¢} 1 tended to discord one of the M1/M3 pair if the results from

the other tooth were completely sotisfoctory.

Despite the few M1/M3 combinations, some deductions moy be made.
The regression equotion for the points is y = 0,924= - 1,315

(r = 0,956; p=<0,001). All the points foll within the 95% confi-
dence limits to this regression. The "fitted" line is between 1,5
and 2,5 onnuli oway from the bisector. Ml shows o meon value of
1,86 annuli more than M3 . With an intervol of cbout 13 months
betwsen the sruption times of M1 ond M3, one would expect (if two
annuli are laid down per onnum) the difference to opproximote 2
annuli, The deporture from expectotion moy be exploined in port
by individuol voriotion in eruption times, or possibly by misin-
terpretotion of annuli. Closer agreement with the expected value
would probaobly hove resulted hod stoined, decolcified sections been

vsed insteod of the mocroscopic preporations.

Discrete ond obvious loyering is cleorly visible mocroscopically in
Plote 3. 7., Few teeth however show such obvious, well-defined loyer-
ing. Of 194 onimels, 35 (18%) hod both molars unsotisfectory for

oge determinotion based on cementum onnuli. Some teeth gave unusually
high or low counts which were cleorly unrelated to the weor of the
tooth., In others, no onnulation could be distinguished in facial

sections; presumably these would hove been opporent in thin,stained



Fig. 3.3.

4

Plot of number of cementum annuli counted in
the first molor ogoinst number counted in the
third molar. Regression line is dashed
(equotion in text); unbroken lines indicote

Q5% confidence intervols.
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sections. The section might not have passed through the region of
moximum discernible number of annuli ond consequently some teeth dis-
playing no mocroscopic onnulotion were re-sectioned in different
plenes. The results indicoted thot if ennuli were not immedictely
opparent in one section, then further sections in other plones were

unlikely to reveal ony change in detectability.

Errors in the technique ore monifest. Foint "occessory™ lines may

be present between "true" onnuli. These con be recognised with
experience, and disregorded; subjectivity connot be ovoided however,
because it is sometimes difficult to decide on what constitutes a true
annulus.  Any suspect annulus should be disregorded if it is not
continuous. Accessory or "bockground" onnuli may stoin well in
histological preporotions (Spinage, 1976); in this respect fociol

sections may be superior, for in these onnuli ore not readily opporent.

"Double" lines or "twinning" of onnuli have been reported by various
authors (Mitchell, 1967; Simpsen end Elder, 1969; Simpson, 1973).

This phenomenon is coused presumobly by the cccretion of limited
tronslucent cementum during the period of occretion of opague cementum.
To detect ond compensote for "twinning" it is necessory to examine

the entire length of the cementum layer.

Resorption of cementum is o further complicotion., This occurs in
old onimols, and commences ot the root opex. Resorption hos been
recorded in buffolo (Grimsdell, 1973), ond waterbuck (Spinage, 1967).
Thus the technigue con be considered to provide only o minimum age,
and will decrease in occurocy with increasing oge (Seorgeont and

Pimlott, 1959; Simpson ond Elder, 1969; Lockard, 1972),

There is some controversy as to the foctors governing spurts and
retordotion in cementum accretion, which result in the onnuli.
Grimsdell (1973) wes oble to discount photoperiodism. Spinage (1976)
concluded from buffale teeth thot o single dork-stoining line per yeor



Plote 3.4. : Incisiform teeth from mole wildebeest, estimoted
to be about thirty-one months old. The third
permanent incisor is erupting, with the left
third deciduovs incisor =till in sitv. The tips
of the permanent conin:. are just visible, but
where the bone hos been chipped oway.

Plote 3.5. : Mondibulor tooth row of male wildebeest, judged to
be obout thirty-eight months old. The eruption
sequence is slightly onomalous: oll permonent
teeth ore fully erupted, yet p, still overlies
the ervpting Py (orroved).

Plote 3.6, : Section through mondibuler first molor [HI] of male
wildebeest of obout sixteen yeors of oge. The
tooth hos worn right down to expose the cementum

pod ot the ecclusol surface.

C = cementum

B = port of mondible bone forming socket.
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resulted from on onnuol unimodol roinfoll pottern, compored to two
lines in equotoriol bimodal rainfall areas. The findings south of
the equatoriol zone suggest on inherent rythm opproximeting to two
lines per year, irrespective of seasonal changes, ond not the result
of nutritionol voriation (Grimsdell, 1973; Simpson, 1973). Simpson
and Elder (1969) reported two lines per yeor from kudu in Rhodesia

(o unimodal roinfoll pottern orea),which they ottributed to "hormonal
bolance on the one hand and nutritionol stress on the other."” Seuts
(1974) ossumes nutritionol chonges to be the cousol foctor of regular
bold cementum line formation, for he mointeins thot annuli in South
Africon mommals are clearer thon those in the some species from the

tropics, where green vegetation moy be ovoiloble throughout the year.

The evidence oppeors inconclusive as yet. The nutritionol vorietion
hypothesis is further confused by the presence of onnuli in corni-

vores which are not subject to marked seosonol nutritional chonges.

The greotest cementum oge derived from this study wos 20 years, in

o female. Considerotion of the errors in the technique preclude
occeptonce of this figure os ecologicol longevity. Table 3.7. shows
o breokdown of cementum oges of skulls older thon four years. As
the sources of these skulls are diverse (found skulls, culling opero-
tions prier to this study and during this study), the Toble does not
purport to show age structure, but rother to indicote ecologicel
longevity. The 14 - 15 yeor old age class would appear to be the
maximum age attoined by mest aenimels. Talbot and Talbot (1963)
suggest moximol ecological longevity for C.t. hecki os eighteen yeaors.
Physiological longevity records from zoos hove been listed by Mentis
(1972). These ranged from 12,7 years to 20,1 years, with o mean of
16,75 (n = 5), This connot be token to indicote ecological longevity
in the wild, becouse zoo onimals receive o less fibrous ond cbraosive

diet, which would lessen the rote of tooth wear.
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TABLE 3.7. : Cementum ages of skulls more thon four yeors cld from
Zululond. This toble relotes to longevity and should

not be token to represent a true oge structure.

AGE CLASS o ¢ TOTAL
4 . <5 30 10 40
5 b 22 & 28
6 - <7 B 5 13
f - =8 5 5 10
8- <% 9 4 13
9 - <10 3 3 6

10 - = 11 3 4 7

11 - = 12 3 i i

12 = < 13 3 3 6

13 - < 14 2 4 6

14 - < 15 2 6 8
15 - = 16 0 1 1

16 - <17 1 1 2

17 - < 18 0 0 0

18 - =19 0 1 1

19 - < 20 0 0 0

20 - <21 0 1 1
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3.3.3,
EYE LENS MASS

Mo distinction wos mode between sexes when considering eye lens mass.
The correlation coefficient between cementum or eruption age ogoinst
lens mass was 0,767 (p<0,001), indicating increasing mass with age
(Fig. 3.4.). The Nelder and Mead (1965) method of fitting o curve
proved unsatisfoctory, in thot the curve tended not to include the
youngest age closses. Inclusion of these closses may be considered
in an olternate approoch, by plotting two stroight line regressions.
For animals less thon one year old the equation iz y = - 0,048 +
1,106= (r = 0,76; p<0,001), For onimols between one and four years
ald, the regression equation is y = 0,5496 + 0,085«; (r = 0,89;
p<0,01). The pattern of growth is fairly ropid up to about four
yeors, followed by o rectilinear relotionship. This agrees with
results on pronghorn antelope (Kolenosky and Miller, 1962), impala
(Fairall, 1969; Routenbach, 1971), elephant (Laws, 1967), and zebra
(Smuts, 1974)., The bregk in the curve has been interpreted by Smuts
(1972) to correspond with the ottoinment of sexvol moturity. Cowley
(1975) found thot in impale, lens moss followed o positively skewed

rectangular growth curve.

To illustrate the reliability with which age closzes could be seporoted
from lens moss daoto, a further computer-bosed curve was plotted (Fig.
3.5.). This curve was based on the Von Bertolanffy growth equation
(method described in Chapter 4), and shows mean I one Standard Error
for vorious ages, Clear differentiotion occurs only between animals
below one year old ond the clder age classes. Nevertheless this curve
was used to estimate oges of those onimols for which skulls had been
lost, in conjunction with the regressions. Twenty-three onimels from

the culling progromme hod ages determined by this method.

The general cenclusion is that the technique is of little volue for oge

determination of wildsbeest. Becouse the rote of growth of the lens
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is not constant, only the very young ege clesses are distinguishable
with ony confidence. Ages of these clusses ore more easily and more
accurately determined from the tooth eruption calendar., These find-
ings porollel those from other medium-sized to lorge mammals (Child

et ol., 1965; Routenbach, 1971; and Smuts, 1974).

Errors in determining lens moss moy hove occurred in this study. Mo
attempt wos mode to distinguish between left ond right lenses. Al-
though Lord (1959), Simpson and Elder (1969), ond Routenbach (1971)
found no significant difference between the mass of left and right
lenses, this moy hove been o source of error in wildebeest. Further,
both Longhurst (1964) and Cowley (1975) found significont differences
between the lens moss of moles and females. This wos not token into
account in this study. A further error may result from the foct thot
fixetion times in formalin were not standordised. Friend (1967) has
shown thot consideroble inoccurocies can be introduced by vorying

fixotion time before drying and weighing the lenses.

Voriotion may olso occur due to foctors in the life of the onimol.
Myers ond Gilbert (1968), for example, found that stress offected the
lensfage relaotienship in Austrolion robbits. Mutrition has also been

demonstroted to be a foctor governing variotion in lens mass in deer

(Friend ond Severinghaus, 1967).

These inherent or experimentol errers cannot wholly account for the
overlap between oge classes. I suggest thot if workers wish to
persevere with the vse of eye lenses in oge determinotion of larger
mammals, then attention shouvld be diverted to biochemicaol methods
rather then lens mass. Only increcsed occurocy would minimise the
overlop in older age classes. Otero ond Daopson (1972) consider the
biechemical assay of eye lens proteins to be "the most oceurote method

known to date for estimoting oge of wild vertebrotes.”



Fig. 3.3.

Von Bertolenffy growth curve for wildebeest eye
lens moss. Circles indicote mean velues, and
vertical lines extend for one standard error

either side of the mean, Equation:

2
ny = 1,094 (1 - ¢ - 03781 (t +3,393)
where my is moss ot oge t. Further discussion
of the form of the Von Bertolonffy equotion is

given in Section 4.3.1..
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313-41
TOOTH ATTRITION

Attrition results from mechanicol abrosion ond from the chemical action
of the food during mastication. Baoker, Jones and Wardrep (1959)
suggested thot the constituents of actively metobolising herboge like
proteinose enzymes ond acids could predispose o sheep's teeth to ex-
cessive wear. Cutress ond Healy (1966) however considered these effects
insignificont in the weor of sheep's teeth in comporison te mechanical
wear, This was further borne out by the work of Heoly ond Ludwig
(1965), who found o relotionship between dentol weor ond ingested soil.
Spinage (1973) wos reluctant to drow inferences from this work to wild
herbivores, becouse the teeth of domestic stock ore not selected for
hardness. MNevertheless, the effects of ingested soil hove been

cleorly demonstroted in white-toiled deer Odocoileus virginianus by

Severinghaus and Cheatum (1956). They showed that the rate of wear
from sandy ranges in Massachusetts ond Texos wos olmost double thaot
found in New York state. This is significont in the present study,
for the results presented below ore bosed on specimens from both the
Complex and Mkuzi. The latter reserve hng large tracts of sendy

soil, ond this foct moy well be o source of error,

3.3.4.1,
MOLARIFORM ATTRITION : CHANGES IN INFUNDIBULAR PATTERNS

Fig. 3.6. shows the changes in infundibuler petterns in each molori-
form tooth with age. Fourteen odult oge closses are distinguished.

I hove dispensed with the more conventional approoch of drawing the
entire tooth row, by considering eoch tooth separately. It is en-
visoged thot the chert could be vsed for ropid oge estimotion of skulls
found in the field; a chorocteristic feature of such skulls in Zululond
is that the full toothrow is rorely present, particulorly in young

animals.  Anterior portions of both mondible and moxilla are often



Fig. 3*6._ : Tooth wear chart for cdult wildebeest, based on
change in meolorifoerm infundiluler patterns.
Where more thon one pottern occcurs for a specific

tooth in ony oge closs, these patterns ore olter-

notives for thot oge class.
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consumed by hyoena, leoving only the more posterior molariform teeth.
Skulls which have been in the field for some time often lose teeth,

which fall from the sockets with increasing decomposition of bone.

The orientation of teeth on the chert has been orranged so thot
maxillary ond mondibulor toothrows con be exomined side by side. The
maoxilla must cleorly be viewed from a ventrol ospect, ond the mondible
dorsolly. Becouvse the right tooth row is considered in the maxilla,
and the left in the mondible, the drowings for both maxillory and
mandibulor teeth show lingual ospects on the left, ond buccol on the
right. Teeth were drown with the onterior ospects towards the bottom
of the chart,

Photographs of some stages of tooth wear ore given in Plotes 3.8. to
3.10..

The reliability af tooth wear charts is open to guestion, Firstly

it is naive to aossume that the same degree of weor represents the same
ege. Roettcher and Hoffman (1970) considered the possibility of
individual voriotion in impola, ond further postuloted thot behaviouvraol
differences during the rut moy result in sex differences in wear.
Ransom (1966) found that in older white-toiled deer tooth-wear criterio
had severe limitotions; he accounted for the variotion by ossuming

the amounts of ingested obrosive moteriocl to be the cousal foctor.

In Defassa waterbuck, Spinage (1967) found marked differences in the
molor weor in ten yeor old nnimulﬁ._ Further limitotlons in the
wear-age technique were described by Kerwin and Mitchell (1971) for

pronghorn ontelope, Antilocopra emericana, Anderson (pers. comm.)

mointained thet in nyola the chonge in number ond shope of the infundi-

bule was unrelicble over nine years of age.

Some idea of "confidence limits" in the use of the chort wos orrived
ot by comporing the number of tooth wear cotegories for eoch tooth

which wos used in compilation of the chart with the number of those



Plate 3.7.

Plote 3.8.

Pronounced cementol layering in meleriform tooth
of on odult femole wildebeest. Bosed on cemental
loyers (ond employing the correction factor ex-
ploined in the text), this animal was estimated to
be obout nine and o half yeors old,

E = Enomel; I = Infundibulum; D = Dentine;
C = Cementum. The doshed lines indicote the
cementum pod which shows moximum definition of

annuli.

Infundibulor potterns of left moxillory tooth row

.from o mole wildebeest which hos just achieved

odult dentition. Mote thaot the central ecircular
infundibulum in M is yet to form.



FLATE 3.7

PLATE 18
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categories discorded i.e, those cotegories which fell outside the finol
wear pottern for the chort, in odjocent closses. Results are shown
in Table 3.8.. The results indicate thot M® and M2 are the most
“reliable" teeth: they show least variotion in weor potterns ot the
some oge. When all teeth ore considered together, only 68,2% will show

the some wear pattern at the some oge.

A more detoiled interpretotion of the relicbility of the chart may be
achieved by referring to Toble 3.%., where eoch oge closs is considered
sepaorately. The conclusion is that the chort is consistently "reliable"
(over 60% reliobility) up to 12 years. Thereafter the relicbility
drops ropidly to 37,7% in the 14 - <15 years oge claoss. Both the

15 -<18 ond 1B - <21 vears oge closses must be regorded os extremely
vnrelioble, as these closses were bosed on minimal numbers of specimens,
ond becouse wear potterns ore by now very diverse for the some cementum

age.

Despite these limitations, I consider the chart to provide a rapid
field age determinotion technique, without resorting to the leborious
preparation of sections.  Any porticular specimen will ollow an esti-
mate of age, with the ronge in which that estimote will lie. The
range will vary with the oge of the onimol, and with the number of
teeth thot can be exomined. In some coses o skull caon be ossigned to
o specific oge closs, without inclusion of the range of "odjocent”

clazses.

Future work pertoining to the chort should cim ot quantifying the

aogreement of cementum-oge of skulls with oge determined from the chart.

3‘3‘-4‘-2‘-
INCISOR ATTRITION

The results of incisor height and width measurements ore presented

graphically in Figs. 3.7. and 3.8.. The height relotionship (Fig. 3.7.)



Plate 3.9. : Infundibulaor potterns of right maxillory tooth row
from o male wildebeest., This onimol wos estimoted
to be obout ten yeors old, bosed on cementum annuli.
No sign remoins of the centrol circvlor infundibula
on the molars, ond the onterior infundibulum on mt

has worn awoy completely,

Plate 3.10. : Right mondibuler tooth row of odult mole (estimoted
cementum age of sixteen yenrs], ond incisiform
teeth showing excessive weor. All infundibula
haove been worn off the molers; differential wear
hos ollowed infundibule to remain on the premolaors.

M® in this animal wes split completely in holf.



PLATE 3.0

PLATE 310
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TABLE 3.8. : Comporison of numbers of tooth wear cotegories used
in the compiletion of oge-weaor chart,with numbers

of cotegories discorded,

NUMBER OF WEAR NUMBER OF WEAR
CATEGORIES CATEGORIES %
TOOTH CONFORMING FALLING IN | TOTAL | CONFORMING
TO " ADJACENT" TO CHART
CHART WEAR CLASSES

52 |NO INFUNDIBULAR CHANGE : 6
M PATTERN CONSISTENT.
al pd 91 26 117 77
x| p4 80 46 126 63,5
1| Wl 84 4é 130 64,6
L oW 106 31 137 77,4
L 86 47 133 64,7
A
M
A
| P 65 43 108 60,2
N 74 46 120 61,7
| M 86 30 116 74,1
sl M2 74 42 116 63,8
Mg 86 31 117 73,5
E
TOTAL 832 388 1220 68,2
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: Estimotes of "reliobility" of wear chart, considering

each oge closs.

The moximum numbers of conforming poiterns were vused os

the finol definitive pottern for thet oge closs,

: 10 potterns ore possible for each skull (Total number
of adult teeth is 11, but P2 vas not used as no infundi-
bular pattern was opparent). The third column is not,
however, merely 10 X the second column, because teeth,
mandibles or even maxillae were sometimes missing.

: The somple size in the 3 - <4 yeor oge is small becouse

the mojority of these skulls had their oges determined

by eruption.

Numb f Tatal number Maximum * Dz tﬂt$l
Cementum e of teeth for number of nu:ter n‘
age class zz:;1men5 which infundi-| infundibular ESn ?Zgifit "
(Years) bulaor patterns| potterns the s 4
{Both sexes) 2 ded or
“ ‘"f-ﬂ“"“ o e "reliobility"
3 - <4 9 (3) 78 47 60,3
4 - <5 37 340 243 71,5
5 - =4 25 235 143 &0,8
6 - =7 11 105 72 68,6
/- =8 Q 87 &0 70,0
g -=<09 i 58 42 72,4
9 -210 & 40 26 65,0
10 ==]11 & 47 34 72,3
11 — =12 Fi 63 53 84.0
12 - <13 5 5l 30 58,8
13 —< 14 6 54 25 46,3
14 =< 15 8 6l 23 37,7
15 - <18 2
18 —< 21 2 41 ? 22




Fig. 3./. : Mean velues (horizental lines) of ineiser crewn
height above gum line pleotted agoinst age.
Bors extend for 1 X 5tondard Deviotion either

side of the mean; ranges ore dencied by vertical

linaes.
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during the first three years of life is not o truve reflection of
wear. Although wear is toking ploce during this peried (confirmed
by Fig., 3.8.), the rote of eruption of the tooth exceeds the down-
word weor, The incisor is o wedge-shoped tooth, the brood dorsel
edge topering ventrolly towords the roots. Consequently, os on
animal oges, the occluscl width will become norrowver ond downwerd
wedr (decreose in incisor height) will become more ropid. This is

clearly opporent from Fig. 3.7. ofter cbout nine yeors.

Conversely, with occlusal width (Fig. 3.8.), the rote of chonge is

initielly ropid, and then slows down ot cbout the some oge. Towords
the tooth roots the ongle of the "wedge" is less morked ond the sides
of the tooth tend towords the porollel, At this point little change

in oeclusal width will occur with wear.

Both grophs illustrote thot incisiform weor is not lineer. This con-
firms the findings of Spinoge (1967) ond Simpson ond Elder (1969).

A curvilineor relotionship is opporent. Similor releotionships for
moloriform teeth have been described by Wotson (1967), ond Grimsdell
(1973).

Spinage (1973) considers thot incisiform teeth show grecter veriobility
in weor thon moloriform teeth, ond this moy occount for the overlap
between oge closses in my results. The overlop is pronounced in older
oge closses of the occlusal width graph, and in younger oge classes of
the incisor crown height. The crown height oppeors to follow a nege-

tive exponentiol weor pottern, which was postuloted by Spinage (1967).

Agoin, the results must be vsed with coution. Spinage (1973) stotes:
"The use of meosurements is only pseuvdo-ohjective; it may remove

observer bies, but it connot correct for varying rotes of wear."

The generol conclusion pertoining to the use of dentition in oge
determinotion is thot eruption sequence is occurote ond reliable up

to obout 3,5 years. The weor chort is less occurote, but is certainly
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within the requirements for life 4oble daote, up till the oge of 1Z

years,

3.3.5
ANOMAL TES TN DENTITION

313-51--1!
DECIDUOUS DENTITION

The persistence of p2 into adult life has olrecdy been mentioned.
In one instance, pp of o yearling & was seporoted from the adjocent

P4 by o gop of lem, This occurred on the left side only.

The presence of supernumory maxillory conines wos noted in o single
colf skull, of ebout 2 - 3 weeks old, but of undetermined sex

(Plote 3.11). The conines were situcted ot the posterior end of the
premoxilla, at the suture between moxille ond premoxilla. An adult
female (6 - 7 years, No. 247) showed remnonts of mexillory canines,

I wos not specificolly looking for this cbnormality, aond thus om
vnoble to give o figure for the frequency of this phenomenon, as the
small size meons thot they are easily overlooked. Mitchell (1965)
recorded waxillary conines in @ 10 month old wildebeest (C.t. tourinus)
from Borotselond. The incidence of moxillory conines in white-tailed
deer (Odocoileus virqiniunu!} was found by Severinghous (1949) to be
0,13% (n = 1B000). For roe deer (Copreolus :np:inlgt}, Chaplin and
Atkinson (1968) noted on incidence of 3,B% (n = 133). Chapmon and
Chapman (1973) found moxillary conines to be present in os many as 17%
(n = 68) of fallow deer fowns (Dame doma): the incidence wos, however,

rare in onimols over six months of oge.

aiaiﬁizl
ADULT ERUPTION ABNORMALITIES

Two cases were noted where P2 did not erupt ot oll. One occurred on
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the left side (5 yeor old o' ), ond the other on the right (4% year
old ¢ ).

Foilure of P2 teo erupt was recorded in o single 5 yeor old o, from
the right tooth row.

Dental onomalies may be expected in most families of mammals (Colyer,
1936), Child (1965) reported dentaol cbnormalities in 1,19% of
impole skulls exemined (n = 755).

3,3.5.3.
DEVIATIONS FROM ADULT WEAR PATTERNS

Occasional pronounced discrepancy in wear between incisiform and
moleriform teeth occurs., In these cases, wear on the incisiforms

is for heovier.

Differences in weor alse taeke ploce between upper ond lower jows, A
14t year old male (No. 2566) had maxillary premolars ond first meler
worn completely flat, whilst the corresponding mandibular surfoces

had experienced relatively little weor. (Plate 3.12.).

With heovy weer (in onimals older thon 13 yeors), My may split between
the buccol oand linguol ospects. This is often coused by differentiol
weaor: odjocent sides of ph and ml together form the apex of o wedge
which extends beyond the level of other teeth in the tooth row. The
"wedge" impinges on M, , resulting in highly differential weor of

that teeth, porticulerly on the enterior cusp.

A more frequent phenomenon in adult dentition is seen in the onomalous
juxtoposition of the onterior cusp of Ml with the posterior cusp of
P4, in both mondible and mexilla. A "sheoring" effect results, with
enomel worn off ot the points of contuct, so that the infundibula of

the two teeth become confluent.



Plate 3.11. : Supernumory mexillary canines present in a colf,
estimoted to be obout three and o half weeks old.

Scale in em.

lote 3.12. : Morked differentiol weor between mondibuler ond
moxillary tooth rows. The onterior end of the
mandibuler tooth row shows almost no weor, in
morked controst to the moxillery counterports.
Note thot H1 is split. Swuch disparity in weor
does not ollow for oge estimation from the tooth
wear-age chart.
Male specimen; cementum oge cbout fourteen ond o

half yeors.
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3.3.6.
FIELD AGE DETERMINATION

Determination of age in the field requires considercble experience.
Talbot and Talbot (1963) differentioted six age closses for females
based on horn configurotion, ond seven for moles. Their odult

closses were of little use in the field, ond the severe wear shown

by their oldest mole closs wos never observed in Zululond,

Ansell (1965) produced guidelines for the stondardisotion of terms
vsed in the field. I did not distinguish between 'infaont' ond
'juvenile', os the date of cbservation of young-of-the-year provided
an approximaote oge, owing to the seasonality of parturitioen. My

categories were: colves, yearlings, 2 - 3 yeor olds, ond adults,

The following notes moy be of use in distinguishing between age

closses:

a) Calves: Readily distinguishable on size, colour ond horn de-
velopment. The fown colour controsts strongly with
thot of other age closses, but is usually lost by
about May (5 - 6 months old), aond sometimes os early
os the end of February. Fawn colouration is main-
toined on the face into the yeorling class. (A
single colf specimen wos observed with o wholly black
foce.) By the end of July, most Zululond calves
disploy full development of brindle stripes on the
neck, with faint brindles on the thorax.

The horns first appeor at obout three months, initiolly
growing stroight out but begin to curve outwards and
then inwards ot about 7% months. No field sex differ-
entiotion is possible.

b) Yeorlings: The yeorling is distinguished by the fown colour-

ing on the front of the face, between the eyes. Size
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moy be useful eorly in the year, but becomes less re-
ligble loter. The fawn colouration is not always
relioble (it moy be lost, or moy even be found in
adults). A highly relioble chaorecteristic is the
degree of exposure of the bose of the horns: in yeor-
lings the boss is not visible, ond hos the oppearance
of being covered by a tuft of hair., Sexual differ-
entiotion is difficult but possible, porticulerly
tovards the end of the yeor when mole horn development
is more morked, The belly shope (see odults, below)

moy olso be used.

c) 2 - 3 Yeor olds: Relioble recognition of thiz closs con only

toke ploce in obout the first six months of the year.

Criterioc for sex ore os for odults.

d) Adults: The mole is the most easily distinguished, The sprecd
of the horns extends beyond the eors when the lotter
ore extended horizontolly. The boss of the horns is
well developed, much lorger thon in femoles. The
scrotum is seldom observed in the field, but the penis
shoft extends onteriorly in o downward straight line
to the centre of the belly, so thot on ongular appear-
once is presented from the flank.,* In contrast the
belly of the femole is more uniformly rounded, locking
the "ongle” of the odult mole.

In generol, the loterolly extended eors of the female
project beyond the spreod of the horns. No single
criterion should however be used, as the obove ore
lorgely generolisotions., The lnrfhnrn-1prnnd feoture
is fallible, for example, and the ongulor mole belly

is lost in animals in very poor condition. Behaviourel

(* see frontispiece).
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choracteristics also serve to seporcte adult sexes (see
Chopter 8.), ond it is advisable to use a combinotion

of os many diagnostic feotures os possible.

Photogrophs of cge closses ore reproduced in zur

Strassen (1969) and Petersen ond Casebeer (1971).

3.4.
CHAPTER SUMMARY

Age determinotion methods employed the use of tooth eruption sequence,
cementum layers from macroscopic tooth sections, eye lens mass, ond
tooth ottrition. Tooth attrition wos considered in terms of the
changes in infundibuvlor potterns, and by meosurements of incisor

height ond width.

Elevan eruption closses were orrived ot, providing o relioble method
of oge determinotion vp to 3,5 years., The times of eruption of

specific teeth were compored with doto from Eost Africa.

The restricted birth intervol of wildebeest enabled some sub-odult
animols (oges determined from eruption colendar), to be regarded as
"known-oge".  Ages of these sub-odult animols were used to arrive

at a value for the number of cementum loyers loid down per annum,

and to provide o “"correction factor™ fer the period before eruption
and cementol depositien. The neture of tooth cementum lines in
wildebeest is discussed, The chenges in infundibular potterns were
relaoted to cementum or ervption oge, thus providing an age-wear chort
with fourteen odult closses. A measure of relishility for the chort
is provided, and it is considered that the chart is odequote far life-

table datao.

Incisiform wear in wildebeest appeors te follew o curvilinear rela-

tionship. When eye lens moss wos plotted agoinst cementum or
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eruption oge, the resultont curve served only to distinguish between

onimals below one year old and the older oge closses.
Anomalies in dentition ore discussed,

Some criterio for oge determinotion in the field ore presented.
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CHAPTER 4

GROWTH  AND  CONDITION

4.1.
INTRODUCT ION

Growth ond condition ore closely reloted foctors in the life of an
individual animel. As condition moy be exomined ot o demogrophic
level os well, I intend to treot these two foctors seporotely for

the soke of clarity.

4.1.1.
GROWTH

Sincloir (1969) has defined four moin phoses in the growth of an
animal. The first phose occurs in the early embryo, where every-
thing is subordinoted to growth, end there is little differentio-
tion of function. This is followed by o pericd where a bolance
exists between growth and differentioted functionol octivity,
which persists until maturity. The third phose is morked by the
vtilisotion of energy chiefly for functionel ectivity. Finaelly,
growth becomes insufficient to maointain the body in bolance, ond

cells aore consequently lost without replocement.



Growth in mommals is governed by hormonel interoctions. The

maojor hormone controlling growth is APGH (Anterior Pituitary Growth
Hormone) or somatetrophin (Needham, 1964). Insulin interocts ex-
tensively with APGH, promoting cell proliferation aond general mete-
bolism. The third major growth hermonol controller is the corti-
coid group from the odrenol - these hormones promote protein coto-

baliam.

Early concepts of growth assumed fundomentally some kind of multi-
plicative process (Stephensen, 1962). As it is clear thot the
growth tempo of different parts of the body vories considerobly,
it is essential to distinguish between ollometric ond isometric
growth, If body propertions chonge with on increcse in size,
then the relationship is ollometric (Hanks, 1972). An isometric
relotionship exists if the situvotion cppeors to be linear, This
is illustroted by the work of Smuts (1975), who calculoted regres-
sion equotions for estimoting body mass from body dimensions by
vsing logorithmic tronsformotions ond fitting lineor regressions
by the method of leost squores. Where experimental curves resulted,

the relotionships were clearly allometric.

In brood terms, guontitotive ospects of growth studies may be sep-
orated into those dimensions or parometers which change with age,
ond those which disploy o relationship with respect to the onimal
itself (Hanks, 1972). Results of both these ospects are presented

in this section.

Many of the conclusions in this section ore based on interpretation
of growth curves. Various aottempts hove been made to provide
mothematicol expressions to describe postnotal growth curves (Huxley,
1932; Brody, 1945; Thompson, 1962; ond Brozek, 1963). Wildlife
workers hove tended to fit curves by eye (Child, 1944; Rothe, 1965;
Hanks, 1969; Piencar, 1969; Blood, Flook ond Wishart, 1970), The

vse of theoreticol growth equations hos however been applied to
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several species, including elephont (Krumrey and Buss, 1968; Lows
ond Parker, 1968; and Hanks, 1972), hippopotomus (Lows, 1968), ond
cottontail robbits (Bothma, Teer and Gotes, 1972).

The collection of morphometric ond moss dota is bosic te most fields

of zoologicol research, but in the cose of ungulotes these doto hove

important opplications. The following ore omong the uses to which

such data moy be put:

a)

b)

e)

d)

The collection of representotive stondord body meosurements moy
be used to compore present growth phenomenc with those collected
over the some oreo ot future dotes, or to compaore growth rotes
of the some species in different habitots or localities.

Talbot and McCulloch (1965) emphosize thet the size of indivi-
duvals moy vory with roce, seoson, ond locotion. Verieotions in
externol meosurements moy differ significontly from one ronge

to the next without reflecting onything but nutritionol vorie-
tions (Cowan, 1956, gquoted by Blood ond Lovoos, 1966).

The dota moy be used to derive mothemotical relotionships be-
tween body dimensions ond body moss, thus replocing visuol moss
estimotion methods (Smuts, 1975). Orgeonic growth moy be
investigoted through the use of more sophisticoted equations
(von Bertalanffy, 1938).

Combined with oge structure knowledge, moss doto moy be used to
calcvlote biomass figures. Biomoss doto are essential inm
monogement considerotions of cerrying copocity ond stocking

rotes.

For commercicl exploitotion of gome, o knowledge of oge of
moximum productivity introduces economic considerotions into
monagesent. Should o gome species compete with domestic stock,

o comporison of growth rotes would oid in manogement decisions,



e) The ossessment of populotion oge ond sex structure in the
field is focilitoted by recogniscble oge- specific body dimen-

sions and relationships.
f) The doto moy be put to use in toxonomic studies,

g) Current wildlife monogement practices employ o range of drugs
for immobilisotion ond sedation. Dosoge rotes of some drugs
require foirly concise doto on the moss of on onimal of any

specific oge or sex.

4.1.2,
CONDITION

The condition of any individuol within o populotion is reloted to
the chances thot aonimol haes of dying, which is determined, omong
other foctors, by deposited fot reserves and the degree to which
such reserves may be mobilised in times of stress. At o popule-
tion level, the measurement of "condition" is not on oltogether
clearly defined concept. It may be viewed os o function of the
demographic fitness (which is given by o measure of aoge structure,
notality ond mortality, summorised in the stotistic r) ond the
physical condition of the individuols moking up that populetion.
Condition ossessments serve to link growth ond reproductive rotes
with nutritional level of both individuols and populations: these
interrelotionships may be examined ot different seasons and under
vorying environmental conditions (Manks, Cumming, Orpen, Parry and
Warren, 1976). Ideally, the assessment of condition moy be vsed

to compare populotions in two different areas, or to compare temporaol
changes in the some population. Smith (1970) considers that such
:nﬁpnrisans may reflect on the effects of current or post monagement
proctices, stocking rotes, ond phenology. Provided measurements

of condition are sufficiently sensitive, it should be possible to

relate condition to population density, hobitot foctors, reinfoll,
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ond soil types.

Condition may determine levels of growth, fecundity, ond survivel.
A reduced level of nutrition moy be ossocioted with deloyed sexuaol
moturity (Pimlott, 1959; Taber and Dasmann, 1954), Poor condition
may significontly affect predotien (Hirst, 1969), ond mortality
from infectious diseases. When environmental conditions become
criticol, mortelity is biesed towords enimols in poor condition
(Ferror ond Kerr, 1971; Child, 1972; Keep, 1973). This mortality
is marked in calves, possibly os o result of diseose: antibodies
are produced from serum globulins (proteins), ond these may be

deficient in coses of hypoproteincemio resulting from undernutrition

(Maynord and Leoosli, 1969).

This chopter deals with the assessment of the condition of indi-
viduols, ond os different techniques for this ossessment reflect
different phsiological processes, techniques and their results aore

considered seporately.

4,1.2,1.

CONDITION ASSESSMENT RELATED TO EXTERNAL APPEARANCE AND DEPOSITED
FAT RESERVES

Of the techniques ovoiloble for condition ossessment, some ore
reloted to the externol oppearcnce ond morpholegy of the onimal.
Homerstrom and Comburn (1950) vused body moss os o condition factor,
and Taber and Dasmann (1958} used body moss corrected for skeletol
size to compare deer from different hobitat types. Christien
(1963) hos even suggested that the body size of seme mommals is
reduced in crowded populotions owing to density-dependent physio-
logical stress involving edrenocortical hyperplasia, Morphe-
metric doto have been vtilised to measure condition. Albl (1970},
for example, wos able to relate the depth of the lumber region in

elephont to condition. More usvel is the use of a combination of
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meosurements, or of the relationship between body mass ond o specific
body meosurement. By using heort girth/body mass relotionships,
Smort, Giles and Guynn (1973) considered that monitoring of populo-
tion condition trends for monogement purposes wos justified.

Bandy, Cowan and Wood (1956) derived regressions of body mass ogoinst
heart girth ond hindfoot length from penned onimals on @ high nutri-
tionol stotus, thus providing on "ideal" relotionship. By compori-
son of estimoted body moss with the ideol moss (both derived from

regression), on index of condition was arrived ot.

Another group of techniques hos been concerned with the emount of
fot present in the onimal. Riney (1955) ossessed perinephric, back
and abdominal fot percentoges. Ledger ond Smith (1964) dissected
out all body fot and expressed it os o percentoge of corcoss moss:
the tediousness of o totol dissection led to o proposal by Whicker
(1964) to estimote total fat bosed on the specific grovity of the
body. Smith (1970) differentioted between subcutaneous fot, leg
fot and visceral fat.

Of these methods the moss of perinephric fot as o percentoge of
kidney moss (the Kidney Fot Index, hereafter referred to as KFI)
has been the most widely used, on o foirly wide ronge of species
(Riney, 1955; Hughes ond Mall, 1958; Tober, White ond Smith, 1959;
Ransom, 1965; Blood and Lovaas, 1966; Allen, 1968; 0'Gora, 1968;
Coughley, 1970; Flook, 1970; Bear, 1971; ond Flux, 1971). Smith
(1970) found significont correlations between kidney fat ond body
fot in eight species, except hippopotemus ond lesser kudu

{T;E!!luEEUI imberbis).

The fat content of bone morrow was initielly vsed os o quolitotive
index bosed on texture and colour (Cheatum, 1949), Subsequently,
a quantitotive opproach was stondardised by Sincloir and Duncaon

(1972) who found that the dry weight of bone marrow expressed os o

percentoge of the fresh weight waos on occurote meosure of the fat

content.
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CONDITION ASSESSHMENT RELATED TO BLOOD AND URINE CONSTITUENTS

Another opproach to condition estimation is through the use of
standard medicel techniques in the onalysis of blood components,
such os Glucose levels, and Packed Cell Volume (PCV). Serum
cholesterel levels have also been used (Dillman and Carr, 1970).
Urine onalysis hos been used to derive a Hydroxyproline Index
(McCullagh, 1969) - this amino ocid is derived from the breakdown
of collogen: low levels of hydroxyproline are cssocioted with

malnutrition.

‘.1 IEI 3'
THE RELATIONSHIP OF THE ADRENAL GLAND TO CONDITION

Endocrine glends respond in o predictoble manner to changes in
population density or in environmental faocters, and they may be
vsed os indicotors of population status for the purposes of manage-
ment. The odrencl glond has been found to be particularly sensi-
tive to these chonges, ond moy be regorded simply os on indicotor
of the trend of o complex of odoptive events within the body in
response to its overall enviromnmental situotion (Welch, 1962). A
clear exomple of odrenol response of this noture hos been provided
by Christian, Flyger end Davis (1960), who found the adrenals of
Sika deer (Cervus nippon) to be larger during the year of a major
die-off thon in those years preceding or following it.

A simplified chain of events leoding to an increcse in odrenal moss
may be summarised os follows: stress (which moy toke numercus
forms, as described below), results in on increase of ACTH (Adrenc-
corticotrophic hormone) production from the enterior pitvitary.

This hormone couses hypertrophy of the odrencl cortex, with concomi-

tont increose in odrenol maoss.

The adrenal medulla is chiefly responsible for the production of
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the cotecholamines: odrenaline ond norodrenaoline. Releose of the
cotecholamines is controlled by nervous impulses from the hypothal-
amus, Liberation of these hormones is cccompanied by generalized
sympathetic effects in all tissves of the body provided with cate-
cholamine receptor sites. Both cotecholomines increase the depth
and rote of respiration. MNorodrenaline increacses the totol peri-
pheral vascular resistonce, whilst adrenoline constricts the skin

vessels ond dilotes skeletol muscle, The most importeont effect

of adrenaline is on corbohydrote mﬂtuﬁnliam, resulting in the pro-

duction of free energy.

Almost fifty corticosteroids have been isoloted from the cortex
itself, but only a few from the adrenal venous bleod. It would
consequently oppear thaot the remoinder ore precursors or degrodotion
products of the venous components. Originaolly, corticosteroids
were divided into glucocorticoids ond mineralocerticoids (the former
affecting corbohydrote metobolism and the lotter electrolyte
metabolism). Owverlop of function no longer justifies the use of
this orbitery clossificetion. The major corticostercids are corti-
sol (hydrocortisone) ond oldosterone. The sction of cortisel is
extremely complex, influencing corbohydrate metobolism, glucose
synthesis, the ovoilobility of fatty ocids for energy, woter metob-
olism, ond the regulotion of blood pressure. Aldosterone increoses
electrolyte metobolism by modifying the rote of cctive tronsport of

sodium ond potossium ccross membranes.

Stress situvotions, ronging from muscular exertion to hypoglycoemia,
result in secretion of the cotecholomines ond cortisol. Any specific
stressor, or combinotion of stressors, will result in the General
Adoptetion Syndrome, which was proposed by Selye (1950, 1956). This
syndrome comprises o stondord set of physiological responses which
occur irrespective of the noture of the stressor acting on the onimal.
Among these responses is odrenocorticol hypertrophy. Such animols

moy be more susceptible to diseose. Turner (1955) suggests that
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the increosed glucocorticoid activity leods to the suppression of the
reticulo-endothelial system with consequent diminution of entibody

formation.

Attempts to use totol corticosteroids in the bleod os o measure of
adrenal moss have been largely unsuccessful (Krebs and Myers, 1974).
The reocson for this hos only recently been elucidoted by Lee, Bradley
and Broithwoite (in press). These workers have shown thot totol corti-
costeroids ore not equivalent to octive corticosteroids; thus total
corticosteroid levels moy be unreloted to stress. In mon, for example,
only some 20% of corticosteroids ore biologicolly active, as the re-

mainder are bound to o glebulin, transcertin.

Chongez in odrenal moss moy be coused by normol physiolegicol processes
such os chonges in reproductive stotus, but the moin extrosomotic foct-
ors are populotion density, diseose, ond the ovailobility of food.

The effects of inanition ond malnutrition on adrencl moss hove been

documented by Selye (1951), Kennedy ond McCanoe (1958), and Sloter
(1962).

Most work reloting populotion density to odremol status has centred on
rodents. Chitty (1952) found enlorgement of odrencl glands during
population peaks of the vole Microtus egrestis. This phenomenon waos
confirmed by Christion ond Davis {195&}, vho found o density-dependent
odrenocorticol response in Rattus norvegicus, which wos independent of
food supplies. The some outhors (1968) found on excellent correletion
betwsen adrenal moss ond population size for Microtus pennsylvonicus,
provided reproductive stotus wos token into consideretion. A similor
relationship wos found in Ruffed Grouse Bongso umbellus by Neove and
Wright (1968), indicoting thot the phenomenon was not solely mommalian.
Little work of this noture hos been performed on ungulotes, although
Welch (1962) wos oble to demonstrate lorger odrenols in white-toiled

deer Odocoileus virginionus on densely populoted ronges when compared

to sparsely populoted regions.
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4.2.
MATERIALS AND METHODS

#'E'l'
GROWTH

Two hundred ond five animols were made ovailoble during the culling
programme from which moss ond morphometric doto could be token,
Horn meaosurements were bosed on two hundred ond ninety skulls, the
gdditional maoterial being derived from skulls collected in the
field and from culling operotions prior to the start of the study.
The method of mecsurement followed that recommended by Ansell
(1965). A flexible steel tope wos used, and measurements recorded
to the nearest 10-lem. Meosurements were token "over the curves".
Smuts (1975a) points out that this technique is preferable to the
alternative "between pegs" (Ansell, ibid) method, as the lotter
consistently fails to register chonges in condition or muscular
development.  Shoulder height was recorded as the distance from
the base of the hoof to the median line of the body between the
scapula, Chest or heart girth was token os the minimum circum-
ference of the chest measured just posterior to the front legs.
Hindfoot length was recorded cum ungue {c.u.). Eor length was not
measured routinely, but when recorded, this meocsurement was from

ear tip to notch.

Crown-rump and heod length were recorded in foetuses where develop-

ment wos sufficiently advanced. Agein, methods followed were those

of Ansell (1965).

Horn meosurements recorded were: Distance between tips, spread,
outer curvoture, and basal circumference of the boss. The first
two measurements are standard "trophy" dimensions os used in Rowlond
Ward (Best, 1962), except that "spread" is termed "grectest width

ovtside” in big gome records. Outer curvature wos meosured from
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the ventral side of the boss, proceeding outwords oleng the moximum
curve of the horn to the tip. Bosol circumference of the boss is
self-descriptive. These lost two differ from the stondord Rowland
Ward in method, ond ore not comparable. Big game horns of wilde-
beest or buffolo form employ "Breodth of Polm" ccross the top of
the boss, and length on the front curve of the horn.

Body moss wvos recorded on o 400 lb. Salter spring scale to the
neorest pound, ond subsequently converted to kg. For vorious
reosons, it wos not possible to weigh every onimol, ond moss doto
are consequently limited. Dressed corcoss mass conformed in most
respects to the definition given by Ledger (1963), except thot
kidneys and kidney fot were not included.

Ages of animols were determined as described in Chapter 3. Foetol
ages were estimated by the method of Huggett ond Widdes (1951).
A full description of this method is provided in Chopter 5.

Mass ond length doto were onalysed by computer (University of Netal
IBM 1130), using the von Bertolonffy growth equation. The von
Bertolonffy relotionship is of outstonding veluve in its obility to

fit cctuol results to confirm and predict other focts about growth
ond metobolism (Needhom, 1964). Based on the theory of von Bertol-
anffy (1938), Beverton and Holt (1957) derived o suitcble equotion.
Further concepts and derivations ore discussed by Gullond (1969).
Honks (1972) provides o luecid occount of uses ond concepts of the

von Bertalonffy equation, and methods of computerisotion. Basicelly,
the equotion is of volue in thot it eliminotes the subjectivity which
frequently limits the comporative velue of growth dote (Swuts, 1975q).
This meons that the theoreticol growth rotes of onimals in different

populations can be objectively compored, providing results of toxo-

nomic wvolue,

The program used in this study wos identicol to thaot used by Honks
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(1972), The progrom uses iterotion to produce volues of the co-
afficients that minimize the sums of squares of the deviations
obout the fit, toking into account the stondard errors of the mean
volues of the specific parometers. A curve-fitting subroutine

provides an objective method of fitting curves to growth date.

4,2.2,
CONDITION

The lock of svitable field laboratory focilities precluded the use
of techniques more sophisticoted than KFI estimation aond the collec-
tion of bone morrows. Moterial collected from Vernon Crookes

reserve on the Nataol South Coast subsequent to the Zululond field

work ollowed for the determination of minimal doto on blood components.

‘Izlzill
DEPOSITED FAT RESERVES

o) KIDNEY FAT

The estimotion of kidney faot was based on one hundred and
twenty four onimals. Femole moteriol wos derived lorgely
from deoths resuvlting during gome capture operotions: these
operotions toke ploce during the dry season, with the result
that the femole doto ore limited to the dry season only.
(Although eulling took ploce throughout the year, the somple
obtained from this source was highly biosed in fovour of
odult moles). The method of Riney (1955) wos adopted un-
changed. Perinephric fot extends onterlorly and posteriorly
within the kidney mesentary. Both kidneys were removed,
ond excess fot extending beyond the anterior ond posterior
borders of the kidneys vos trimmed owoy ot right angles to
the long axis of the kidney. Kidneys were weighed on o triple
beam bolonce to 10-lg, before ond ofter removal of the fat.
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The KFI wos then given by:

Kidney Fot Index = BSEipephric fatmoss y o
idney maoss

b) BONE MARROW FAT

Bone morrow somples were collected from forty-six femoles and
ninety-one moles. The morrow was obtained from either the
metotorsus or the metocorpus: the bone was shottered with o
hommer, ond vp to 10g of merrow removed. After removal of
bone chips, somples were deep frozen until they could be pro-
cessed. Before drying, somples were weighed to lﬂ‘zg. They
were then ploced in an oven and dehydroted ot 100°C until con-
stont woss wos ochieved, when dry moss wos recorded. For the
determinotion of fot content, some of the dried somples were
tronsferred to o Soxhlet opporotus, where the fot wos extrocted
with Petrolevm spirit (b.p. 40°- &0°C)for eight hours. The
residue vos weighed, ond fot content derived from the difference
in moss before ond after extroction. Fot content wos correloted
with percentoge dry mass of fresh moss, ond the regression so
obtoined wos used to estimote fot contents for the remaining

samples.

Morrow texture ond colour were recorded into one of three
cotegories, following the criterio of Riney (1955); these

categories were "good", "foir" or "poor”.

4,2.2,2,
BLOOD ANALYSES

A smoll saomple (seven moles ond six femoles, all older thon two
yeors) of culled onimols from Vernon Crookes reserve on the Natol

South Coost provided moterial for the determinotion of PCV ond
blood glucose levels, PCV volues were obtoined in the stondard

medical monner, by centrifugotion. Blood glucose levels were
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determined semi-quantitatively by the use of "Dextrostix' reagent
strips. Blood wos spreod over the reogent oreo, ond visval esti-
motion of bleood glucose wos achieved by reference to o colour chart

with assigned values.

4‘-2.213.
ADRENAL GLANDS

For various reosons, it was not proctical to conduct o complete
collection from every animal, but where possible, odrenal glonds
were collected, trimmed of surrounding connective tissve, ond
weighed to the nearest 10-1g on @ triple beom bolonce. Histologi-
cal sections were prepored from o smell somple only (four animols)
for descriptive purposes. Histologicol processing followed the
procedure in Appendix 1. The main zones of the glond were
described and their relotive tronsverse extents meosured using a
micrometer eyepiece (further detoils of the use ond calibrotion of
the micrometer scale are given in Chapter 6, Section 6.2.2,). By
vsing mean odrenol moss as on index, wvorious tests were mode to
investigote chonges in moss induced by oge, sex, body mwoss, repro-

ductive stotus, ond season.

4.3.
RESULTS AND DISCUSSION

"'3'1'
GROWTH

‘Iﬂil.l.

VON BERTALANFFY EQUATIONS AND GROWTH CURVES

Growth in moss with age in the von Bertolonffy equation tokes the
cubic form:



mg = My (1 = o= (t - tn])s , whare
m¢ = moss ot oge t.

Mee = oasymptotic mass; the moximum mess that an onimel

con attain under glven conditions.

K = coefficient of cotobolism, o constont representing
the cotoboliasm of body materiols per unit moss ond
time, Further explanotion of K is given by
Honks (1972).

t = oage of enimal.

to = theoreticol age ot which the animol would have
zoro moss with the some growth paottern as that

observed in laoter life.

Growth in length of ony specific body measurement tokes the non-

cubic form:
Lt = Lgf{l - oK (t - tn}) (Howells ond Hanks, 1972),

The computer printout provides valves for the three coefficients,
nomely osymptotic moss or length {L-. or My, ), K, ond to. For
each ege class, o fitted value of the variable under considerotion

was also given, enobling o curve to be drawn. An exomple of the

printovt is reproduced in Table 4,1..

From the growth curves, it wos opparent thot stondord errors of o
specific mean porometer often extended obove the computer-derived
asymptote before the projected asymptote from the y-oxis met the
fitted curve. For this reason, ond becouse I was not consistent
in the choice of scole for oll porometers, the asymptotic age was
considered to be ottained when that parometer was within 2,5% of
the von Bertolonffy equation asymptotic value. This arbitrory
figure of 2,5% wos arrived ot In that it wos considered thot o



TABLE 4.1.

98.

Example of computer printout for von Bertolanffy

growth curve. Curves were drown using the fitted

values.

MEAN VALUE OF FITTED

s HINDFOOT LENGTH (%) | VALUE HERd
0,75 46,85 46,84 0,74
1,25 49,80 49,86 0,45
1.75 50,76 50,28 0,71
2,50 50, 50 50,34 0,30
3,50 49,00 50,34 0,66
4,50 50,25 50,34 0,52
5,50 51,01 50,34 1,33
7,00 30,33 50,34 0,42
9,00 50,35 50,34 0,59
12,00 50, £3 50,34 0,37
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higher figure (say, 5%) would be opproaching discernible differences

in the field, especially with regord to porometers such os shoulder
height. Hence, in the following results, all von Bertolonffy

asymptotic projections onto the fitted curve are in foct 2,5%

less than the computer-given ocsymptotic volue.

a)

Growth in moss with oge

The theoretical von Bertolonffy equotions for growth in mass

for wildebesst are:

o My = 252,96 (L - o - 07471 (£ +0,8597)3 g

3
g H‘l: = 192,97 (1 -8 = 1,56 {t . ﬂ,lﬁa kg
(pregnont animols included)
$ M= 187,4 (L -e= L4 (t+ G.Eﬂr kg

(pregnont onimols excluded)

The growth curves for moss ore illustroted in Figs. 4.l.ond
4,2,, By projecting the von Bertolanffy asymptotic value onto
the curves, it con be seen thot males achieve the csymptote
of 253 kg by cbout six yeors, ond femoles their asymptote of
193 kg (pregnont) or 187 kg (non-pregnant) by obout three

yeors.

Growth in shoulder height with oge.

The theoretical growth equations for this porometer are:

& hy s 145,57 (1 - o = 0,69 (t + 1.5?2) em

? by = 136,06 (1 - o= 0,47 (t+3,16) o

Moles ottoin their osymptote of 145,6 cm ot obout four yeors

of oge, in comporison to the femole asymptote of 136 cm
which is ottoined ot four ond o holf years (Figs. 4.3.and 4.4).



Fig. 4.1. : Theoretical Von Bertolonffy growth in mass curve
for meles. Stondord error denoted by verticol
line. Cireles denote mean mass ot ege. Dashed

line within 2,5% of csymptote.

Fig. 4.2. : Theoreticel Von Bertelonffy growth in moss curves
for femole wildebeest. The lower curve excludes
pregnent onimols. Standard errors omitted to

avoid confusion. Doshed lines within 2,5% of
osymptote.
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Fig. 4.3. : Theoreticol Von Bertalonffy growth in mole shoulder
height curve, together with meon height ot oge
(eircles). Stondard error denoted by werticol
line; doshed line within 2 5% of csymptote.

Fig. 4.4. : Theoretical Von Bertolenffy curve for growth in
female shoulder height, with mean height at oge
(circles). Verticol line is one stondard error;

doshed line within 2,5% of osymptote.
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c)

100.

Growth in hindfoot length (c.u.) with age.

The theoretical von Bertalonffy equotions for growth in hind-

foot for mele and femole wildebeest are:
Ly = 52,73 (1-e-08 (t+234) o
2 Ly = 50,34 (1-e- 3,98 (t- n.um}y .

Asymptotic lengths ore achieved by two yeors in moles (Fig. 4.5)
and by one yeor in females (Fig. 4.6).

The femole asymptote is ottoined porticulorly eorly, ond differs
markedly from the oge of ottoinment given by Talbot and Tolbot

(1963), which was between thirty ond thirty-six months. The same
outhors estimated thot the growth in male hindfoot length

normally continued into the fourth year of life.

Although Tober ond Dasmonn (1958) consider hindfoot length to
to be the most convenient external index of skeletol size, it
cleorly is volueless in femole wildebeest ofter one yeaor.
Howells ond Honks (1975) have questioned the volue of recording
porometers vhich ottoin osymptotic volues early in life.
Despite this, hindfoot length hos been put to some use (Bandy,
Cowan ond Wood, 1956) in eveluoting ronge conditions, end in

comparative growth studies (McEwan and Wood, 1966).

Growth in chest Eirth with age.

The theoretical growth curves for this measurement ore illus-
troted in Fig. 4.7 (moles) ond Fig. 4.8.(females). The wvon
Bertolonffy equotions ore:

o gy = 159,75 (1 - o - 0,81 (HD-WJD cm

$ g = 47,23(1-e- 0,96 (t + ur?in cim

The mole osymptotic value of 159,7 cm is achieved by 3,5 yeaors,
ond the femole volue of 147,2 em by three years.



Fig. 4.5. : Theoretical Von Bertalonffy growth in mele hind-
foot length curve,together with mean length ot age
(circles). Standord error denoted by verticol
lines; dashed line within 2,5% of osymptote.

Fig. 4.6. : Theoretical Von Bertolonffy growth in hindfoot

length curve for femoles, together with meon length
at age. Verticol line represents stondard error;
dashed line within 2,5% of asymptote.
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Fig. 4.7. : Theoretical Ven Bertalanffy growth curve for mole
heort girth, with meon valves ot age. Stondord
error dencted by verticol line; daoshed line lies

within 2,5% of osymptote.

Fig. 4.B. : Theoretical Von Bertolonffy growth in femole heort
girth curve with meon girth ot oge. Standard
error denoted by wvertical line; doshed line lies
within 2,5% of osymptote
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101.

Growth in ear length with oge.

Von Bertolonffy equations feor growth in eor length are given
by :

o' Ly = 20,82 (1 -2~ 0,50 (t + 21333 cm

L, = 19,04(1-e"~ 1,36 (t + 1;053 cm

The respective growth curves with asymptotes in dotted lines

are shown in Figs. 4.%.ond 4,10... By 4,5 yegrs, the male

asymptote is reached, compared to about two vears in the femole.

Growth in hern ssread with age.

Theoreticol equotions for horn spread growth ore:
# S5 =68,0(L-e~109(t- 0;233 em

2 s, =5,,2 (L-e-200(t-0,45) ¢

By referring to Figs. 4.1l, ond 4,12, it con be seen thot the
male asymptote (68cm) is reached by 3,5 yeors, ond the female
asymptote (5lem) by 2,5 yeors.

Growth in hern basal circumference with oge.,

Theoretical equations for the boszol circumference growth

pattern are:
35,40 (1 - e = .77 (t + D,l#? o

24,45 (1 - e = 1,37 (t - D,ﬂﬂﬂ? om

d C,

? ¢

Figs. 4.13, and 4,14,display the respective growth curves, pro-
viding osymptotic volue atteinment at 4,5 years in mnleﬁ,

and 2,5 years in femaoles.

Change in distance between tips with age.

These doto were considered unsuitoble for the wvon Bertalonffy
equation, os onimals below two vears of age show o decrease

in the tip to tip meosurement, resulting from the inword growth



Fig. 4.9. : Theoreticol Von Bertolonfiy growth in eor length
curve for moles, together with meon length ot oge.
Stondord error denoted by verticaol line; doshed

line within 2,5% of osymptote.

Fig. 4.10. : Theoreticol Von Bertolonffy growth in eor length
curve for females, together with meon length ot
age. Vertical line represents one stondord error;

doshed line lies within 2,5% of osymptote.
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Fig. 4.11. : Theoreticol Von Bertalanffy growth curve for mole
horn spread, together with meon spreod ot oge.
Standord error denoted by verticol line; doshed

line lies within 2,5% of asymptote,

Fig. 4.12. : Theoretical Von Bertalonffy growth in female horn
sprecd, together with mean spread ot oge. Ston-

dord error denoted by vertical line; doshed line
lies within 2,5% of osymptote.
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Fig. 4.13. : Theoreticol Von Bertelenffy growth in mole horn
basal circumference curve, together with meon
circumference ot oge. Verticel lines reprecent
one standard error; doshed line lies within 2, 5%

of osymptote.

Fig. 4,14, : Theoretical VYon Bertolonffy growth in femole horn
bosal circumference curve, together with mean
circumferonce ot oge. Stondord error denoted by
varticnl line; doshed line lies within 2,58 of
asymptote.
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of colf "spike" horn tips os they tend towards the elliptical
odult shope. This parameter thus tends to reflect change

in horn conformotion rather then true orgonic grewth. For
this reason, only row dote are presented (Table 4.2.).

i) Chonge in horn ovter curvature with oge.

As older moles tend to blunt the tips of the horns through
rubbing, thus lessening the cuter curvature measurement with
increosing oge, this porometer wos olso unsuitoble for inclu=
sion in the von Bertolonffy equotion. The row doto are shown
in Table 4.3,. Male weor in tips exceeds growth ot obout

six yeors, which corresponds olmost exoctly to the situation

in impole (Spinage, 1971).

In any discussion on the use of growth curves, one is confronted
by the limitotions of the porticulor method odopted, Hanks (1972)
stotes thot on ideal function gives o good fit to the data, ond is
of use in onolyticol studies of growth phenomena. These require-
ments ore met by the von Bertolonffy function, but it is of value
to quote Needhom's (1964) conclusion on the fitting of olgebroic

functions:

M sssssssssssssnnss meosurements ore rorely sufficiently precise

to distinguish between the possible olternotive relotions which

could be fitted to them ond thot in ony event the gross curve probaobly
represents the summotion of many contributory processes ond only by

chance opproximotes to some simple relotion alse with a single bio-

logical meoning".

A summory of the differences in oges between sexes In their ottoin-
ment of the various osymptotic values is provided in Table 4.4..

Doto from other locolities shown in the Table are not strictly com-
parable; only in the cose of Broock's (1973) value for male body mass

asymptotic cge wos the volue computed from o von Bertolonffy equation
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TABLE 4.2, : Meon volues of distonce between horn tips corres-
ponding to meon oges, with stendord errors.

FEMALES MALES

MEAN MEAN STANDARD | MEAN AGE MEAN STANDARD
AGE (YRS) | VALUE (CM) | ERROR (YRS) | VALUE (OM) | ERROR
1,75 21,75 2,94 0,75 29,67 1,04
2,5 26,91 2,05 2,5 33, 63 1,57
3,5 26,00 2,51 3,5 35,28 0,93
4,5 24,95 1,17 4,5 37,78 0,89
5,5 25,81 1,71 5,5 39, 42 0,94
7,0 27,55 1,59 6,5 41,15 1,58
9,0 27,42 2,02 7,5 42,25 2,77
11,0 26,33 1,30 8,5 a4, 57 3,59
13,0 26,70 1,45 10,0 45,10 1,71
12,0 46,29 1,42

TABLE 4.3, : Meon veolues of horn outer eurveture for male and femole
wildebeest, with corresponding meon oges ond stondard

EBITOIS .

FEMALES MALES
MEAN AGE | MEAN OUTER MEAN AGE |  MEAN OUTER
(vears) | cURvaTuRe (o) | 3+*E*M | (vears) | curvatme (ov) | S-EeMs
0,75 22,50 1,52 0,75 21,78 1,41
1,25 36,75 1,13 1,25 27,25 11,25
1,75 42,63 4,13 1,75 43,56 5,02
2,5 41,93 1,00 2,5 53,81 0,92
3,5 40,39 1,44 3,5 52,38 1,01
4,5 39,06 0,94 4,5 52,52 0,63
5,5 40,71 0,87 5,5 53,16 0,91
7,0 38, 88 1,10 6,5 50,94 0,02
9,0 40,90 2,09 8,0 48, 14 1,25
11,0 39,75 1,91 | 10,5 46,13 1,00
12,5 41,50 1,04
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TABLE 4.4. : Comparison of oges ot which moles ond femoles ottain

asymptotic volves of specific porometers.

(See text

for comments on oges of enimols from Kruger National

Pork ond Eost Africe.)

The age ot which a particu-

lar esymptote is ottoined is token when the porometer
is within 2,5% of the osymptote.

Age at which
osymptote is

Kruger National

East Africo

A . Pork (Tolbot &

e (Ves) | (Brocck, 1973) | Tolbot, 196
Porometer a 2 2 + a 2
Body Mess 6 3 é 3,3 .
Shoulder Height 3,3 4,5 6 - P
Hindfoot Length 2 1 - 4 s
Chest Girth 3,5 | 3 é - .
Ear Length 4,5 2 2 i .
Horn Spreod 3,5 2.5 - -
Bosol circumference(horns) 4,5 | 2.5 - -




103.

and curve, Other volues for oges were estimated by simple com-
parison of the mean values of specific porometers between different
age classes. The results from this study indicote that, except in
the cose of shoulder height, moles toke for longer thaon females to

attaein asymptotic values for the porometers recorded.

4.3.1.2,
SEX DIFFERENCES IN BODY MASS AND MEASUREMENTS

By toking dato on meosurement and moss from those onimols older
than the oges ot which a porticulor osymptote wos ottoined, Toble
4.5,was constructed., t-tests between the meons showed that there
were highly significont differences for every porometer between
the sexes (p<0,001 for oll tests, except eor length and horn
outer curvature, where p<0,01). Comporotive figures for meaon
body moss from the some study areo are 237,2 kg (moles) end 190 kg
(females). These results (Hitchins, 1968) are more accurate than

mine owing to o lorger somple size (& =98; ¥ = 95).

The Toble also includes moximum ond minimum values for the various
parameters., Broock (1973) alse recorded similar velues from the
Kruger Notional Pork, and comporison of his maximum values with
those from the complex ore mode in Toble 4.46.., Broock's sample
size was lorger thon mine, porticulorly with respect te body mona
doto of females. Thus it is more meaningful to compore Braock's
moximum moss doto with those of Hitchins (1968) for Zululand.
Hitchin's moximum mole figure is virtuolly identical with mine
(294,5 kg), but his femole moximum value 1s 252,1 kg, which is far
more realistic. Moximum moss velues for Zululond and Kruger Park
(Tronsveal) are then very similar., The other meosursments show
little difference, except in the case of shoulder height, The

discreponcy orises becouse Broock's meosuremerts were not token



TABLE 4.5. ¢ Summary of morphowetric dota for comporison betwsen sexss. Doto ore derived from onimals elder then oges ot

whigh thearatlesl ven Bertolanfly voluss ora attalned, Aody mass In kg; oll ather meosuremsnts im cm,

| Dw B 1
Hody Moss | Shoulder He. | Hindfoot Chest girth |Eor Length | Hars !““d‘icun:::r- Ei:ﬁ:u:l::ﬂﬂ:-i
o ¥ 7 g e |2 | & e e | % & P (@ |8 | @ 2
|
Manlaus 295, 4 | 218,9 [156,5 | 141,0 | 57,0 | 52,8 | 177,0 | 160,5 |22,5 | 21,0 | 75,5 | 59,0 | 45,0 |46,0| 37,0 | 27,5
Hinlous 211,8 | L&d,]1 | 141,0 |129,0 (48,5 | 45,5 | 153,0 | 1395 |19,0 | L7, 4 | 40,0 | 42,5 (42,0 (33,0 30,0 0,5
Mean 249,8 | 182,7 [147,2 [135,3 [ 52,8 | 50,2 [161,4 [ 148,5 |20,5 | 19,3 |67,5 | 51,4 |51,2 |39,4 34,6 | 24,04
Agymptote 2529 | 187, 4 | 145,64 | 134,1 | 52,7 |50,3 | 159, 7 | L47,2 | 20,8 | 19,03 | 68,0 51,2 - = | 35,4 24,4
DLffarence betwaan maans 47,1 11,95 2 54 12,4 1,24 16,68 1L, 7B 10, &
Somple size 14 1L 17 LF 50 49 17 LF 10 ]lﬂ & L. oG [ S0 a7 52
t valus 4, E7ve 8, Bave #,06% 5 4lee 2,81 22, 43+ 14,21% 28, 08%
| | | | | I |

v p<0,0l
** p<0,001

TASLE 4.8, : Comparison of mowinum morghemetric volues batusen Tululand and Kruger Matignsl Pork wildebesst
populations, geogrophlcally seporoted but belonging to the some sub-species.

HORMS ¢ HORNS : HORHS :
BODY MASS | SHOULDER WT. | CHEST GIRTH | EAR LEMGTH |TIF TO TIF | HORN SPREAD | OUTER CURVATURE | BASAL CISCUM.
& 2 . ] & L & 2 & g a 2 & % E ] B

ZULLLAND 295, 4 | 215,9 | 156,5 | 141,0 | 177,0{160,5 | 22,5 |21,0 |52,5 |38,5 75,5 |59.0| e5,0 | es,0 |37.0 | 27,5

90T

KRUGER PARX | 307, 5 | 254.9 | 142,2 | 132,1 | 170, 2|160,7 | 22,1 |21,4 |51,4 |41,%|75,6 | 41,0 | 62,2 80,2 [a8,1 .4
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"over the curves". The high moximum value of 177 cm for maole
Zululand shoulder height should be viewed with coution, aos the
onimal in guestion wos extremely blooted when the measurement wos
token, aolthough blooting should not affect the anterier thoracic
region unduly., Thus, if we toke moximol volues os o besis for
comparison, there is little difference between the two populotions
of the some subspecies in different oreos. A more volid compori-

son is presented by Toble 4.7..

4.3.1.3.
SUBSPECIES COMPARISOMS OF MORPHOMETRIC DATA

A summary of meon voluves for body moss ond measurements from differ.
ent subspecies is presented in Toble 4.7.. The meon volues pro-
vided by Brasck (1973) were for moss, shoulder height, chest girth,
horns tip-to-tip, ond horn spread, The remoining Kruger Pork
meon values were determined from his doto, by averoging the mean
values for cdult oge closses, which he tobuloted. Hence these
volues only opproximate to the true means, which couvld only hove
been obtoined from his row doto. Aport from body moss, oll my
valves ore based on animols older thon the oge ot which o portie-
vlor osymptote is ottoined. For this reason they ore greoter
thon those vales which would hove been obtoined by considering oll
adults (based on dentition), becouse in many coses asymptotes are
ottoined long ofter odult dentition. The volues from oll other

authors in Table 4.7. ore based on "adults".

The obsence of raw dato on which the means are bosed prohibits
stotistical treotment of differences between the different popu-
lotions. Despite this, differences in meon body moss are consider-

oble ond probobly significont when compering C.t. tourinus with

the East Africon subspecies. Using the data of Sachs (1967) for

C.t. olbojubotus, the Zvlulond meon male body mass exceeds that of




TABLE 4.7,

Corperinen batwesn subspecies of meon values for edult body moss ond mecaurensnia.

Hitching (1948).

able, owirg to the methed of mecsuressnt.

Body womm in kg; ell otber welis ere in ca.

Iululend body moss doko Trom
Mote thot Brosck's shoulder height fa net comper=
Body mows for Femcles gives by Ledger (1964) ere exclusive of comeeptus.

I hove edepted Ansell's (1971) nomencloture for the Serengeti subspecies, o3 opposed to thot wsed by Talbet and

Talbat (1963}, which was C.t. hecki.

- ——
WATAL TRANSVAAL TANIANIA TANZANIA/KENYA M TA KENYA
TULLLAND KRUGER MATTOMAL PARK GRUMETI SERENGETT-MARA LUANGWA VALLEY 5. KENYA
- C.%. towr fubotus (Telbet 4. cook whoty
%ﬁiﬁﬂﬁ Broeck, %ﬁ]— & Tolbot, 1963) flsan, L E‘{‘fﬁﬁ?ﬁﬁf‘
n o " § n o A g " 4 n L4 ] & n g & " ) d n 2
BObY MASS o8 [237.2 |98 | 190, 4| 97 |251,7 | 106 |204,8 |40 [2001,1 |11 |163,0] 40 | 210 | 43 | 164,97 2384 |2 (221,10 | 10 | 243,3 |10 | 1524
HINDF 00T s0| 52,8 |av | 50,2| - | |xa - (40 s0,1|n1] @elr | 2l | = - =1 = . a
sHOULDER WT. | 17 |147,2 (17 [195.3] o7 |129,9 | o9 |120,6 |40 |125,9 |11 [128,0| 7 |1ee|7 [131 - |-] - -l Ml s
CHEST GIRTH 17| 161,4 |17 [148,5| 95 (156, 4| o8 [146,9 |40 [144,7 |11 [136,0 (7 |258 |7 |135 = |w] = o -
EAR LENSTH w| 208|13] 19,396 ] 19,9 w4 | 198 a0| 22| 194 ]| - |- | - N o - asrdimed -
TI# T0 TIP 92| .6 |6 | 26,afp01 | 30.8| 97| W A|a0| 7,6 02| 25,9~ | - |- | - o ()l - -y "
SPREAD w| e2.s5|sa| s1,4l100) 67,3| 97| s3.8|e0| 56,0 11| 53] | - |- | - W fw| = a0 e "
OUTER CURVE. |100| 51,2 )% | 29,4| % | ¢8,6]| 9 | 70|~ i fa - Y] &= |- e fai| = ws [ .
BASAL CIRCUM, | 27| 24,6 |52 | 2¢,0[106 | 37,1 108 | 27,4 |- il = = e | & e bva = le] = | 2 ”

301
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C.t. olbojubatus by 15%, ond the meon femcle figure is in excess

by 14,4%. Similor values result when comporing meon body mass of

C.t. tovrinus with C.t., meornsi. If one vuses Broock's deoto for

C.t. tourinus, the percentoges by which meon body mass exceeds thot

of the East African subspecies aore even grecter. The differences
ore coused by a combinotion of foctors, of which genetic ond nutri-
tionol aspects probobly dominote, Migrotionol phenomeno moy also
inflvence loss in body moss of the Eost Africon subspecies,
Bergmonn's Rule must olso be token into considerotion. Similer
results have been reported by Smuts (1974), who found meon male

body mass from Kruger Paork zebra (Equus burchelli entiguorum) to

exceed the mean Tonzonion figure for E.b, bohmi by 22%. The

corresponding percentoges for excess in female meon body moss wos

32K,

Subjectively, body meosurements between the C.t. taurinus populao-

tions in Zuluvlond and Kruger Notionol Park appear much the same
(shoulder height incomparable owing to different methods of measure-
ments). In contrast, body moss differences moy be more real (i.e.
significont). Kruger Pork mole mean body moss exceeds that from
Zvlulond by 5,7%, ond femole mean body moss is also in excess, by
11,3%. Clearly, these differences, assuming they ore significont,
ore reloted to environmentol ond nutritional foctors. A further
considerotion moy relote to differences in social interactions be-
tweon the two populotions. Klein ond Strondgoard (1972) investi-
goted differences in body size of roe deer (Copreolus copreclus) in
different study oreos of equol foroge quality but differing in soil
quality., Soil quality did not oppeor to regulote body size, but
oppeared insteod to determine populotion density. These outhors
considered thot differences in body size were reloted to population
density. Social pressures were increased with o rise in density,
resulting in greoter energy expenditure ond decreosed food intoke.

It is suggested thot the some phenomeno might apply to the opparent
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differences in body size between the Complex and Kruger Pork popu-
lations. In 1974, I colculuted thot the density or stocking rote
for wildebeast in Umfolozi, measured by the number of hectore oveil-
oble per animal, was 35,7. This is opproximotely half the volue
given by Broack (1973) for the Centrol District of the Kruger
Notoional Park, which wos 69 hectare/wildebeest. Relative to the
Kruger Pork, the Complex is on extremely smoll orea, which might
aggravate competition (ond hence increase social intersction) for

preferred haobitat.

4.3.1.4.
BIOMASS CALCULATIONS BASED On SEX AND AGE STRUCTURE RELATED TO
BODY MASS

For the calculation of biomass wvalues, the mean mass of an "averoge”
wildebeest is required; consequently sex ond oge structure must be
taken inte occount. The population structure shown in Toble 4.8.
was thot determined for the Complex in August 1974, by helicopter
counts, Detoils of the methods of orriving ot the relotive percent-
oges of the sex ond oge groups are given in Chapter B. I hove
ossumed equol sex rotios for yearlings ond two to three yeor-olds,
which is a source of error. The meon wildebeest moss of 174,05 kg
will clearly vary with chonges in population structure. This

value may be token as appreoaching the moximum, becouse the percent-
age calves in Table 4.8,1is approoching o minimum wvalue, following

dry season mortality. A higher colf percentoge eorlier in the

year would meon o lower meon woss figure.

The Complex mean value is lower thon those computed in a similar
manner for Kruger Pork (181,4 kg : Pienoor, Van Wyk and Fairall,
1966; 189,4 kg : Young, Wogener ond Bronkhorst, 196%9; 200,4 kg :
Broock, 1973). The differences between the Zululand and Kruger
Park figures are a reflection of possible mass differences, but

certoinly of voriotion in population structure. The volue of
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TABLE 4.8. : Colculotion of meon wildebeest moss using relotive

age and sex composition with corresponding mean

values of body mass.

Mean vildebeest moss = = "t ™ - 174,05kg

 ng

Totol Averaged
Nuaber of Mean Bedy Moss Moss of each oge
Age Class onimals (kg ) per onimal closs (kg)
(ng) (mg) (ngmy)

Adult & 158 237,2 37477, 6
2 -3 yr do" 54 198,1 10697, 4
Adult % 254 190, 4 48361, 6
2-3yc 54 184,9 9984, 6
Yearling ot 78 148,9 11614,2
Yearling %% 78 146,0 11388,0
Calves (&+ 9) 122 76,8 9369, 6
£ ng = 798 X NgMmy = lEEEﬂ'E,D
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174,05 kg is used subsequently (Chopter 9) for the calculotion of

biomass.

4.3.1.5.
COMMERCIAL EXPLOITATION RELATED TO AGE OF MAXTMUM INCREASE IN MASS

Table 4.9, compores liveweight goin for different oge closses in
Zululend. Dato from Broock (1973) are included for comparison.
Broock's meon moss ot parturition (21,74 kg) wos used os the "zero
age” velue. Gain in body moss was then derived from the von Bert-
olonffy growth curves (Figs. 4.l.ond 4.2). Productivity is highest
during the first yeor of life, after which it topers of f ropidly,
particulorly in femoles, Femole body mass goin during the first
year is greoter thon males in both populations, but in subsequent
yeors the mole increase in moss exceeds thot of females for the
Zululond population. Talbot ond Talbot (1963) found thot for

C.t. mearnsi, moles ond femoles goined moss ot the some rate for

the first eighteen months; thereofter mole moss goin exceeded
femoles. In terms of meot production the cptimal cge ot which to
harvest wildebeest would be opproximately one year. Commercial
expleoitotion requires monogement aimed at moximum rote of increase,
and concern must consequently be given to maintaining a specific
sex ond oge structure. These aspects receive further consider-

ation in Chapter 9.

4.3.1.6.
FOETAL GROWTH

(u} Growth in moss

Fig. 4.15,shows the growth in foetal moss during pregnancy.

The stonderd inereasing exponentiol curvilineaor relotionship

is opporent. The curve cgrees with the findings by Stephensen
(1962) in sheep, where after eighty to ninety doys from con-
ception the growth of the foetus changes to o constont pottern
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TABLE 4.9. : Chonges in increose in body moss gain with age for

C.t. Tourinus populutions from Zululond ond Kruger

MHotional Park.

Increase in body mess (kg)

ZULULAND KRUGER NATIONAL PARK
(This study) (Braock, 1973)
Age Interval 3 gain/day ? | gain/day & | gain/day § |goin/de
(Yeors)
0-1 Bg 26 | 0,242 94,3 | 0,258 0,1 | 0,247 96,6 | 0,265
] w2 62,5 | 0,171 |49,0 | 0,134 |55,1| 0,150 |57,2| 0,157

2-3 39,5 0,108 17,5 | 0,048 32,1 | 0,088 44,5 | 0,122




Fig. 4.15. : Foetol growth in moss. Both sexes ore considered,
Curve fitted by eye, My doto ore supplemented
by odditioncl mass doto collected by Anderson in
1963 and by Vincent in 1967 (both personal

communications) from the Complex.
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which is mointoined until birth, conforming to o cubic model.
Sauts (1974) hos listed some foctors offecting foetal growth.
Among these is the plone of nutrition during the second holf

of pregnancy.

(b) Growth in Crown-Rump ond Heod Length

Growth in these foetol meosurements oppeor to be strictly
lineor (Figs. 4.16.and Fig. 4.17). The regression equations

for the lines drown ore:

Crown-Rump : y = 0,4015x - 20,323 (r = ﬂ,??lﬂ)
Head Length : y = 0,1303x - 5,7580 (r = 0,9880),

4.3.1.7.
PREDICTIVE RELATIONSHIPS BETWEEN CHEST GIRTH AND BODY MASS, AND

DRESSED CARCASS MASS

a)

Chest girth and body mass

Predictive equaotions reloting chest girth to body mass have

been used by various workers (Bandy, Cowan, and Wood, 1954;

McCulloch and Tolbot, 1965; McEwan ond Wood, 1966; Smart,
Giles and Guynn, 1973; ond Honks et ol, 1976).

McCulloch and Tolbot (1965) have pointed out the necessity

for deriving stotisticel reletionships for specific popule-
tions, os opposed to using o relotionship for the some species
but from o different populotion. Thus, although such
relationships hove been calculoted for wildebeoest, it is
necessory to include o further relotionship which is specific
to C.t. taurinus from Iuvlulond. A simple plot of chest girth
ogoinst body moss is given in Fig. 4.18.. The scotter
oppecrs to be curvilineor, but I consider predictive relation-
ships to be odequotely represented by two stroight line
regressions, and there appears to be no odvontage in devising




Fig. 4.16.

Growth in foetal crown-rump length. Additionol
date collected from the Complex in 1967 by Vincent

{Pgrg, :gmm.}, Regression equation in text.

Growth in foetol head length. Additional points

from doto collected from the Complex by Anderson
in 1963 (pers. comm ).
text.

Regression equotion in
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more complicated mathemoticel equotions which would be more
difficult for field workers to cpply (McCulloch ond Talbot,
1965).

For calves the relotionship is os follows:

M=190C - 118,76 (r = 0,9998 ; p<0,001) , vhere
M = Moss
CG = Chest Girth.

For oll onimals older than calves, the relotionship is:
M=29C - 242,24 (r =0,9133 ; p<0,001)

Comporotive equations for the some subspecies from Kruger
National Park (Broock, 1973) are given for males:

For oll males: M = 2,745 CG - 182,49 (r = 0,959)
For males with chest girth exceeding 120 cm:
M=1,6820C6- 84,05 (r = 0,972)

Honks et ol. (1976) hove illustraoted the limitotions of using
girth meosurement in condition ossessments, os high values of
girth measurements moy be present in onimals which have already

mobilized substontiol quantities of fot reserves.

Dressed Corcoss Moss in relotionship to Liveweight

From 28 onimols, the dressed moss os o percentoge of livewelght
was 54,79%. This result oppeors to be remarkably constant
within the species. Hitchins (1966) recorded values of 56%
for odult moles (n = 33) ond 55,7% (n = 22) for odult females

from the Complex. The Kruger Pork figure given by Young et ol,
(1969) wos 57,7% for both sexes.

Fig. 4.19. provides o regression line for dressed mass ogainst

live moss, with on equotion:

DM = 0,5 WM + 8,75 (r = 0,88; p<0,001).



Fig. 4.18. : Relotionship between chest (heart) girth and body

moss. Regression equations in text.

Fig. 4.19. : Relotionship between dressed corcoss moss ond
liveweight. Regression equotion in text,
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4" 3‘2‘
CONDITION

4‘-3.2. ll
DEPOSITED FAT RESERVES

o) THE KIDNEY FAT INDEX

For both sexes, v highly significont difference wos found between
KFI values of animals below three yeors of oge ond animals of
three yeors and older (p<0,001). This is in occordance with
the findings in impale (Hanks, Cumming, Orpen, Parry and
Worren, 1976). Consequently, for the investigotion of season-
al chonges in KFI, animals below three years were discorded.
Flook (1970) also states that differences in body size ond
therefore nutritional reguirements moy influence the levels

of condition ottoined. The bosel metobolism in colories/day
of lorger odults is greoter than thot of the smoller, younger
oge closses, olthough proportionotely lower in terms of

calories/kg body maoss.

The KFI in wildebeest was found to range from 3,3 (2,5 year
old & , shot in July) to 115,3 (4,5 yeor old & , shot in
March). Smith (1970) reported @ range of 6,7 to 127,3 for
the some species in Eest Africo. As he found a correlation
between KFI and total bedy fot ot the 0,01 level of signifi-
cance, he ossumed thot the wide ronge of KFI vaolues indicoted
a wide ronge of total fat. Anderson, Medin and Bowden (1972)
found the KFI varioble for mule deer, as did Hesselton and
Saver {1973) for white-toiled deer.

Fig. 4.20,depicts the chonge in KFI volues with season for
males older thon three yeors. There is no significont differ-
énce in comporison of wet season ond dry secson valves, but the

lowest mean KFI value (June) differs significantly from the
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December end Januery volues (p<0,00l). Loss in condition

is generolly related to ¢ change in guontity ond gquolity of
feod, and to phases in the reproductive cycle. Foroge
grosses lose both palotobility ond nutrient content during
the drier months. Polotobility changes ore reloted moinly

to the fall in protein ond corbohydrote content at the expense
of on increcse in cellulose, The results serve only to
indicote brood seosonol differences, ond porallel the findings
of MeCulloch end Talbot (1965) fer East African ungulotes,
where onimals oppeored not to respond to chonges in food or
environmentol foctors by depositing or vtilising significent
quontities of body fot. The results certoinly show no relo-
tionship to the pottern of seasonol KFI change in elephonts
described by Albl (1970), where KFI volues decrecsed through
the lotter months of the dry seoson in o lineor relotionship,
such that KF1 vaolues could be predicted should the rainy
season be deloyed. In generol, moles with fixed breeding
seasons lose condition during the rut (Anderson, 1965; Flook,
1970; Skinner, 1970; Skinner ond Huntley, 1971b; Bear, 1971;
and Honks et al., 1976). This is not opparent from Fig. 4.20,
which appears more in line with the findings of Huntley (1971)

on blesbok (Domaliscus dorcos) end kudu, where there wos no

evidence for condition being reloted to o sexucl cycle.

These two species do exhibit peoks in calving (and hence peaks
in mole reproductive u:tivity}, but in no woy ore these peoks
as distinct ond well-defined os in the wildebeest. Fig. 4.21.
shows the dry seoson voriotion in KFI values for femoles older
thon three years. There wos no significant chonge in condi-
tion os the dry seoson progressed. Assuming thot kidney faot
changes are normally reloted to reproductive events, the KFI
wos vsed to investigate chonges in condition during pregnancy.

A generol improvement in the physical condition during pregnancy



Fig. 4.20. : Seasonal change in KFI values for o'd" older than
three yeors. (Range donoted by vertical line,
mean by crossbor, stondord deviation by brood

portion of line,)

Fig 4.21. : Dry seoson changes in KFI values for 2 % older
than three yeors. (Range denoted by vertical
line, meon by crossber, stondord devietion hy

brood portion of line,)
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and loss of fot during loctotion cre common in most mommols
(Albl, 1970)., The seasonally biosed femole sample meont

thot significont omounts of doto were confined to obout the
first holf of pregnency only. Pregnont animals were grouped
according to their durotion of pregnancy by using thirty-doy
intervals, up to 120 doys. (Determinotion of duretion of
pregnancy is exploined in Chopter 5.). Mo significont
differences were found between the meon KFI volues for any of
the groups. Abroms (1968) mainteins thot the nutritive drain
on female ungulotes is greotest during the lost one third of
pregnancy. Anderson (pers. comm.) was however unoble to find
any obvious trend in KFI during ony stoge of pregnancy in
nyala, Both his results ond mine ore subject to the errors
inherent in the KFI lithﬂh, wvhich are discussed below.

Although Smith (1970) concludes that the KFI best fulfills

the need for o workoble method for condition estimotion, the
results must be interpreted with extreme coution. Firstly,
variotion moy orise when perinephric fot is trimmed, os in

this study. Monson, Stone, Weber ond Spodaro (1974) compared
KFI volues derived from Riney's (1955) trimming method with
those derived by using totol perinephric fot. They found no
significont correlotion in odult deer, ond further stoted the
inodviscbility of vsing either index in o strictly quantitative
manner, on account of the greot individuaol voriotion in onimals

from the some range.

The second and more important source of voriotion results from
the seosonol chonge in kidney mozs. In the use of the KFI,
most workers hove ossumed thot chonges in the index were
reloted to fot chonges ond not fluctuotions in kidney mass,
Batcheler and Clarke (1970) however found thot in red deer

(Cervus elophus) kidney moss wos constont during summer, but
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higher in early winter, declining to o minimum in lote winter/
early spring. As o result the KFI wos distorted, tending to
disploce the meosure of peok condition until later in the
segson. Douphine’ (1975) described o similar phenomenon in
caribou {Eﬂﬂﬂifer torandus): moture kidneys of odult

moles showed a seosonal fluctuotion of 45X of the moximum
(42% in females). These findings showed conclusively thaot
kidney mass is on unsuvitoble correction for body size in an

index intended to reflect secsonol chonges in perinephric fot.

In Fig. 4.22,seacsonol fluctuation in odult mole kidney moss
is presented. The dry seoson (April - September) values
differ significantly from the wet season (October - March)
values (p=<0,001). The meximum mean value (Movember) is
decreased by 47% (June), a fluctuation olmost identical with
that shewn by caribou (Dauphine’, ibid,). Loss in kidney
moss may be releted to inanitien (Weod, Cowan and Daniel,
1965), or to odoptive ond voluntory food intoke restriction,
signelling o decline in basol metobolism in o nutritionally
poor winter environment (Botcheler and Clarke, 1970),
Dauphine” {igig.} suggests thot heot stress or chonges in

body water kinetics may alse play o role.

The conclusion from these results is thot the KFI moy only

be of use in comparing populotions ot the some time.

PERCENTAGE FAT IN BONE MARROW

In Fig. 4.23, the percentoge dry moss of fresh moss for bone
morrows hos been plotted ogoinst percentoge fat content.
The dotted line is @ regression for the points shown (this
study); the unbroken line is the regression for wildebeest
from Eost Africe obtained by Sincleir end Duncen (1972).



Fig. 4.23.

Seosonol chonges in kidney moss for adult mole
wildebeest. (Ronge denoted by vertical line,

meon by crossbar, standord deviatien by broad

portion of line.)

Regressions of % dry moss of fresh moss (bone
nurruu} ogoinst fot content. Points relote to
doshed line (this study); unbroken line is
regression derived by Sinclair ond Duncan (1972).

Both regression equetions in text.
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The regression equotions ore:

Sincloir ond Duncon : y = 1,0042x - 7,2829
This study : y = 1,0047x - 5,76 (r = 0,998).

The results from this study are closely similar, ond agree

to the generolised relotionship in most ungulotes:

% marrow fat = % dry weight - 6
(Sinclair ond Duncon, 1972; Brooks, Honks ond Ludbrook,

in pranl}.

Analysis of vorionce performed on percentoge fot content of
bone marrow between aoll oge closses (both sexes considered
together) showed no significont differences. Thus, in the
seasonal changes in percentoge fot (Figs. 4.24,0nd 4.25), oll
ages ore considered. In the groph for the maole (Fig. 4.24.), no
clear pattern emerges. The groph for the femole (Fig. 4.25),
which is limited to the dry season for the some recsons os

for KFI velues, exhibits o degree of complexity which may be
ogccounted for by the foct thot both pregnont und‘ﬁnn-prlgnnnt
animols ore included (insufficient doto prevent seporation of
these reproductive stotes). As with the KFI seasonal groph
for femoles (Fig. 4.2L) there is o rise in July, which in

this cose is significant, (p<0,05). 1f this results from
plocentol progesterone cutput, then the effects of this hormone

aore most morked three to four months aofter conception, ond may

relote to foetol skeletol development.

The reosons for the obsence of ony clear pottern in seosonal
change of mele percentage bone morrow fot may become explicable
when one compores percentoge bone morrow fot with KFI. In
Fig. 4.24, KFI hos been plotted agoinst percentoge fot in the
bone morrow., It is cleor thot below o KFI valve of cbout 12,

the percentoge bone morrow fat connot be accurotely determined



Fig. 4.24. : Seosonol changes in fat content of bone morrow
for moles of oll oges. (Range denoted by
verticol line, mean by crossbar, stondard devi-
otion by broed portion of line.) The minisum
April value of 18,7% extends below the x-oxis.

Fig. 4.25. : Dry';eusnn changes in fat content of bone marrow
for femoles of cll cges. (Range denated by ver-
ticol line, meon by crossbor, stondord deviotion

by broad portion of line.)
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from the curve. Above cbout 30, the KFI increases without
ony apprecioble corresponding change in percentoge marrow fat.
This irregularity between KF1 ond percentoge morrow fat in
bone marrow hae been noted by other workers (Horriz, 1945;
Ransom, 1965; Allen, 1968; Sincloir and Duncen, 1972). Only
below a certuin KF1l value does the percentoge fot stort to
decline - this is indicotive of the fact thot the bone marrow
fot is utilised ofter kidney fot; bone morrow fot may indeed
be the last body fat reserve to be vtilised (Morris, 1945).
Further, there is evidence (Brooks et al., in press) that
mobilisation of bona morrow fat reserves does not occur simul-
taneously in oll long bones: it oppears thot reserves ore

mobilised first from the femur or humerus in preference to the

rodivsfulne or tibia/fibula,

It is ossumed thot chonges in kidney fot are governed more by
physiological events related to reproduction (Sinclair ond
Duncan, 1972). Bone marrow fot is o desirable method of
meosuring condition when an onimal is suffering from more
extreme environmentol pressures. The insignificant fluctu-
otion in mole percentage bone marrew fot with seoson tends

then to indicate that the Complex population is not subjected
to environmental pressures extreme enough to result in signifi-
cont morrow fot mobilisotion, The more significont seasonal
fluctuotions in female marrow fot would tend to support the
conjecture of Honks et ol. [l??ﬁ} that in speciol coses
(relating to reproduction, for exomple) demands on fot reserves
moy be such that bone marrow moy be vtilised when substontial
kidney fat remains. The findings in this study reinforce

the stotement by Honks et al. {Lgig.},Thut our understonding
of the use of o simple index (like KFI or % fot) is not alto-

gether clear.
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PCV_VALUES AND BLOOD GLUCOSE LEVELS

These results were obtained from on isoloted somple outside the
Zululand Complex, from o smoll reserve (Vernon Crookes), which I
consider to bo essentiolly vnsvitoble wildebeest hobitot. I
include them only to serve os o boseline for subseguent similer
work on the some populotion, ond to provide on indication of the
ronge of such values in the wildebeest for comparison with other
ungulotes. All blood glucose levels (six onimals including both
sexes; oll adult) were in the order of 45 mg/100 ml. Toble 4.10,
shows the PCV values. 1 wos unoble to relote PCV values to either

KFI or percentoge faot in ony way.

‘I EIE‘I 3 L]
ADRENAL RELATIONSHIPS

o) MORPHOLOGY AND HISTOLOGY

The external oppeoronce of the wildebeest odrenol glonds
corresponds to the stondord ungulote pottern. Both glonds
ore bi-lobed ond flottened dorso-ventrally, but the left
glond is more elongote (Plote 4.1), with the posterior lobe
longer. They ore ossocloted with the anterc-mesiol borders
of the corresponding kidneys. Typicol mass and measurement
doto for odult onimols are given in Toble 4.11.. There was
no significont difference between the moss of left and right
odrenals (p>0,1). The moximum mass of on odrenol glond
collected during this study wos 12,5 g, from o ten-year old
femole which died in the Copture pens ot Hluhluwe Game Reserve,
several doys ofter copture in Umfolosi, No such hypertrophy
wos found in other onimols that hed experienced the same
trouma, ond it is thus not considered to result from the

stress of copture operotions, porticulorly os it has been
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TABLE 4.10. : PCV velves from cn isoloted somple of wildebeest from

Vernon Crookes reserve. All onimols shot in June,
1976.
S | (years) | PV OR | kP T | BT
? | 12-13 35 16 77
i 4 -5 30 11 82
Ly 2,5 40 10,5 B1,53
a - 34 13 82,3
d 2 -3 34 9.5 42,2
¥ 12 ~ 13 32 27 75,7
d /-8 43 15,5 84,3

TABLE 4,11, : Adrenol glond measurements and mass for odult

wildebeest. Moterial from onimols shot in June,
19764,
ADULT o ADULT ¥%
LEFT RIGHT LEFT RIGHT
ADREMAL ADRENAL ADRENAL ADRENAL

MEAN | 5.0.| n | MEAN | 5.D. | n | MEAN | 5.D.| n | MEAN | 5.D.

th (ont.~post.) (cm) | 5,04 |0,10| 63,44 |0,33| 6| 4,50 ]|0,31| 7 |3,25]| 0,06
Ith (em) | 2,09 |0,09| 6]|2,32 |0,09]| 6| 2,17 |0,26] 7 |2,51| 0,61
Y (em) |0,74|0,04| 60,83 |O,15| 6] 0,83 |0,05| 7|1,00]|0,21

(g) |4,92]|0,93|38 4,19 |1,24[38| 4,88 |0,76]29 |4,62]| 1,43

2z
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estoblished thaot there is considerable deley between stress and

hypertrophy (Hanks, pers comm.; Taber, White and Smith, 1959) .

Histulaéicully, the odrenol coincides with the generolised des-
cription of thot of eutherian mommaols as given by Bourne {1?49‘).
The cortex is peripheral to the medulla, except ot the hilum,
vwhere the adrenal vein leaves the glond. The histology of the
glond may vary with sex and season (Bourne, 1949), and for this
reason it is necessory to stote thot the following histolegical
description is from o ten-yeor old female. The section was
token through the centre of the gland, This onimel was porous,
but wos neither pregnont nor lectating. Ovarion onalysis showed
that the onimal wos not about to ovulate. If one aossumes thaot
hypertrophy is related to reproductive physiologicol processes
(omong other "stressors"), then this animal may be taken to repre-
sent a "normal” stress situvotion. There wos no evidence of ony

pathologicol cendition in the animal.

A fibrous copsule, obout &éum thick, surrounds the glond (Plate
4.2,). Proceeding centripetally, the next zone is the zong
glomerulosa {Eﬁqym} which contoins columns of columnor cells

which bend through 180° near the copsule to proceed bock in the
original directien. The breeod zone fasciculoto follows, com-
posed of porallel columns of squorish cells. This laoyer charac-
teristically contains lipoid droplets in mommals, but these did
not show up in the section, possibly becouse o fot stoin wos not
vsed, although cells would hove shown o vacuoloted oppearance

had lipoid content been pronounced. Nicander (1952) maintains
thot a "lipoid-poor" cortex is chorocteristic of ruminants.

The zono fosciculota is the broadest zone in the cortex, extending
for ebout 1136pm. It merges into the zono reticuloris, which has

o denser oppearance, possibly os o result of cellulor degenerotion.

The zono reticuloris moy be seporoted from the medullo by o bond



Plote 4.1, : Externcl oppearonce of odrenol glonds from edult
mole wildebeest. See Toble 4.11. for mecsure-

ments.

Plote 4.2. : Section through adrenal glond, The plote is com-
posed of two juxtoposed prints: the depth of the
zono fasciculoto is greoter thon oppeors in the
plote,

A = fibrous copsule; B = zono glomeruloso;
C = zona fosciculoto; D = zona reticularis;

E = medulla.

Further detoils in text. Scole divisions on the

photomicrogroph ore 10-1gm,
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b)

of connective tissue. This zone (termed the X-zone by

Delost, 1953) moy be tronsitory. In some mommols it is
present in juveniles only; Krumrey ond Buss (1969) referred

to this zone os the 'fetel cortex' when describing the elephont
odrenal. The X-zone is not apporent in Plate 4.2., but was
observed in other sections ( o five-year old ¢ ond o 4,5 yeor old
male both hed recdily discernible X-zones), Insufficient
odrenols were sectioned to be oble to relote disoppeoronce of
the zone to physiological or other processes. There has been
little sucess in relating microscopic oppecrance of cortical

cells to hormonol production (Frondson, 1965).

The medulle is cbout 3708 pm in section, ond has o mosoic of
three types of cells, distinguishoble by differentiol stoining
with Hoemotoxylin ond Eosin., Groups of closely-packed cells
(steining pink) tend to occur around the central blood sinus.
The other two types of cells are lorger: light-stoining cells
with polyhedrol to rounded shopes ore enclosed by connective
tissve, ond dork-stoining cells, irregulorly shoped, with
somewhot less connective tissve. By summotion of the thick-

nesses of the corticol rones, the medullo wos found to be 2,23

times os thick os the cortex.

ADRENAL GROWTH WITH AGE

Most workers hove ossumed odrencl maoss te be proportional to
body moss, and for this reocson hove used on Adrenal Index
rather thon adrenol moss on its own. An Adrenol Index maoy
toke the following form:

meon adrenal moss in g X 100

Adrenal Index = body mass in kg

The results of plotting meon odrenol moss ogoinst body moss
(Fig. 4.27) indicate o linear relotionship below 150 kg
(r =0,73; p>0,05), but this relotionship wos obsent cbove



Fig. 4.26. : The relotionship between KF]l and X fot in bone

BOrrow.

Fig. 4.27. : Relotionship between mean odrencl moss ond body
moss. Both sexes ore considered. Regression
equation for animals <150 kg:

y = 55,73x - 62,44,
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150 kg, r = 0,17 (not significent, p >0,1). In both sexes,
a body mass of 150 kg is ottoined by obout eighteen months
(Section 4.3.1.1.). It would thus oppear thot it maoy be
meoningless to use on Adrenol Index in onimols older than
yearlings, porticulerly os errors in body mass computation moy
be in the order of T 10 kg, which result from blood loss,
scale inoccurocies, and ingestion of food or woter before
deoth. Payne and Hutchison ([1963) have shown thot liveweight
of zebu steers may increase as much as 17% ofter o single
drinking, Consequently, oll relotionships hove been investi-
goted based on onimals older thon eighteen months, by using

mean adrenol moss unreloted to body mass.

Fig. 4,28, shows the relotionship between oge ond meon adrenal
moss. Adrencl moss increoses ot sexvol moturity (mole
puberty is achieved at the end of the second year, ond females
first ovulote during their third yeor - Chopters 5 ond 6), but
thereafter there is no obvious relotionship between mean
odrenol moss ond oge. Of note is the foct thot odrencl moss
of juvenile white-toiled deer was significontly higher than
thot of odults (Hoffmon ond Robinson, 1966).

There was no significant difference in meon odrenol moss
between moles and pregnant, lactating females (g> 0,1), nor
between males and pregnont, non-loctoting females (p > 0,1).
When all femoles were grouped together, difference between

the mean adrenal moss of the totol group ond thot of the male
group wos aogain not significant (p > 0,05). These results
deviote from the stondard mammolion pattern, in which female
adrenol glonds tend to be heavier than those of moles. This
results from on enlorged zono reticuloris (Bourne, 1949), ond
has been documented for cotton rots Sigmodon hispidus (Goertz,
1965); for elephont (Krumrey ond Buss, 196%); ond for bushbuck
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(Morris, 1973). An exception to this rule occurs in the
cottontail rabbit (Christion, 1953).

RELATIONSHIP OF MEAN ADRENAL MASS TO THE FEMALE REPRODUCTIVE

CYCLE .

In most mommals the size of the odrenol glond veries seasonally
with sexval activity, stoge of oestrus, or during pregnoncy and
loctation (Zalesky, 1934; Beer and Meyers, 1951; McKeever, 1959;
Christion, 1962; Chitty ond Clark, 1963; ond Krumrey and Buss,

1969). Femoles were divided into three groups:

(i) prepubertol or nulliparous,
(ii) pregnant biut not lectoting,
(iii) pregnant and lactating,

The mean adrenal moss of ony particulor group did not differ sig-
nificantly from that of the other two {p:&hl},indicuting that
the wildebeest might be on exception to the genercl mommolion
pattern. Similor findings hove been reported for voles

(M. pennsylvonicus) by Christiaon ond Daovis (1966). 1n this

species, odrenol moss relotive to body moss did not vory with

changes in reproductive stotus once moturity wos obtoined.

By grouping femoles into duration of pregnoncy intervals, and
by testing the mean odrencl moss between groups, it was found
that there wos no significont difference (p>0,05). The
biosed femole somple did not ollow for comperison with femoles
in the later stoges of pregnoncy. It cppecrs thet up to mid-
term, mean odrenol mass in the wildebeest is unoffected by the
stoge of pregnoncy. This is wvnusual for e ruminant, for Bell
ond Weber (1959) have reported on the variction in odrenal moss

with stoge of pregnoncy in ruminaonts.
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SEASONAL EFFECTS ON MEAN ADREMAL MASS

Insufficient odrenal dota from females during the roiny
seagson prevented seasonol comparison for thot sex. Moles
older than eighteen months hod o meon odrenol roiny seoson
maoss of 4,8l g compored to o dry seoson meon of 4,70 g, but
this difference was not significent (p > 0,1). Using an
Adrenal Index, Cowley (1975) wos unoble to clearly relgte
impala Adrenol Index to season. In non-tropicol wommols,
there is o tendency for odrenols to weigh less during winter
when temperotures ore lowest ond food supplies leost ovoil-
able (Christian, 1962; Goertz, 1965; Hoffmon ond Robinson,
1966) .

RELATIONSHIP BETWEEN ADRENAL MASS AND CONDITION

Hughes ond Mall (1958) found adrenal mass to be o function of
condition in deer, which was not reloted to size of the animal.
They found a good correlation between odrenal mos:z and kidney

fot moss and between odrenal mass
body length

ond kidney fot. The results from this study indicote thot

gdrenal moss beors little relotionship to fot reserves in
wildebeest., The correlation coefficient for meon odrencl
moss and KFI was 0,14 (not significont, p > 0,1). For meon
edrenal mass and ¥ bone morrow fot, r = 0,36 (p<0,01).
Adrenol mass moy vary from ebout 3 to 7 g without any oppre-
cioble chonge in either KFI or % marrow fat. Smith (1970)
found on extremely low correlotion coefficient (0,044)
between his odrenol index ond totol fat from Eost Africon
wildebeest. His result is not conclusive, for he bosed his
odrenol index on kidney moss, and did not toke kidney moss
fluctuotions into occount. The foilure to relote odrenal

mass to condition is perhops explicable in that one is using
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simple indices to relote extremely complex relotionships in-
volving, among other systems, feed-boack mechanisms of o

diversity of hormones.
f)  CONCLUSION

There ore numerous Fuﬁtafl which alter endocrine function
which are not density-dependant. These moy include thermo-
period, photoperied, nutrient limiteotions oand even genetie
foctors. A further complication is thot it is difficult to
seporote climetic influences from those of breeding. The
variobility induced by non-density-dependent factors meons
that 1t is somewhot specious to ottempt to use odrenal mass

to compore different populotions. Rother, it is more mean-
ingful to use trends in odrenol moss for comparing the some
populotion from year to yeor ot the some seocson. Conseguently,
I see this aspect of the study os estoblishing o base-line for
future comparisons. Work on rodents hos demonstrated o relo-
tionship between populotion density ond reproductive success.
In ungulates, 1 consider the adrenal mass/population density/
reproductive success relotionships to be extremely complex.

No cttempt is mode to relote these porometers: the doto ore
presented simply to describe the situation reloting to o
specific popuvlotion over o specific period.

4.4,
CHAPTER SLMMARY

Moss ond meosurement doto were incorporated into von Bertalanffy
grovth equotions. Computer-derived growth curves for specific
parameters allowed for the determinotion of the oge ot which the
osymptote for that porometer wos atteined, Generally, moles took
far longer to ottain osymptotes thon females. Some comporisons

were mode between different populations: for example, the mean mass
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of the Zululond subspecies exceeds that of East Africon subspecies.
Foetal growth curves cre presented. Regression equotions relote
chest girth to body moss.

Condition of wildebeest was investigoted using the Kidney Fot Index
(KFI), the percentage of fat in the bone marrow, ond the blood Packed
Cell Volume (PCV). In odult males, seasonol chonges in KFI values
were not pronounced; similor results were found for adult females
during the dry season. Interpretotion of KFI values wos complicated
by the foct that kidney mass itself showed significont seasonal vari-
otion. Bone morrow fot wos vtilised after body fot, ond it appeors
thot adult moles were not subjected te envirenmentol pressures extreme
enough te result in significont morrow fot mobilisotion. Significent
mobilisation moy however occur in femoles, in which caose it may be
reloted to reproductive events., PCV values from o smoll somple could

not be reloted to KFI or % fot in bone morrow.

The odrenol histology is described., The odrencl moss increosed ot
sexvol moturity, but thereafter no obvious relotionship between adrenal
moss ond oge wos found. There wos no significont difference in mean
odrenal moss between moles ond femoles, nor did odrenol mass in femoles
cppeor to be offected by stoge of pregnoncy. In wildebeest, odrenol

moss wos shown to beor little relotionship to fot reserves.
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CHAPTER 5

REPRODUCTION IN THE FEMALE

5.1,
INTRODUCT 10N

Mommols moy generolly be grouped on the besis of fundamentol breeding
potterns. The wildebeest belorgs to o group which is clearly defined:
those mommols which produce a single young onnually, Charocteristics
of this group have been outlined by Lloyd (1969). Long gestation
periods are the rule and netritienol changes at the conception period
beor little relationship to food ovoilability ot birth. Young are
baorn ot the most fovouroble stoge in terms of food resources, and
possibly cover ond conceolment , In general, loctation is prolonged.
Longevity is great, ond survival of the young is generally high, such
thot fovouroble conditions moy in the long term reflect o dromotic

increose in numbers despite their low reproductive performonce.

In the sociol structure of the wildebeest (see Chapter B), o single
territoricl male is ossocioted with a breeding herd of femoles which
disploy a high degree of synchrony with respect to oestrus. Conse-
guently, there is an excess of males over ond obove those required
for breeding, ond the sex rotis is not of primary importonce in re-

production. The implicotion is thot the female ploys o prime role
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in determining the levels of recruvitment to o population,

One of the fundamentol steps in manogement is knowledge of the re-

productive cycle, and the limiting foctors imposed vpon reproduction.
Whether the oim of monagement is to moximise productivity or to main-
tain o population in harmony with the ecosystem, on understonding of

those foctors controlling reproduction and populotion growth is essen-

tial.

In broad terms, those aspects of reproduction in the femaole which

are subject to variction ore:

a) the onset of the breeding season;

b)  the durction of the breeding season or rut;

€) the age of ottainment of puberty;

d)  the pregnancy or conception rate;

@) the extent of out-of-season breeding;

f)  the extent of intro-uterine mortality, ond the propartion of
successful to unsuccessful pregnoncies;

g) the duration of loctation. Nalbondov (1954) considers lacto-
tion te be the culminotion of the reproductive process, and
indeed os much o part of this process as the cestroaus cycle or
gestation.

h) the age ot reproductive senescence.

When considering the foctors reguloting the ospects outlined above,
it is necessary to differentiote between proximote ond ultimate

foctors. The former ore environmental events that serve as o

trigger to the animol's physiology, and synchronise events for o
given populotion. Ultimote factors ore concerned with the ecologi-
col reasons for such triggering. (Owen (1948) has pointed out that

o proximote foctor may also oct os on ultimote foctor, citing the
exomple whereby decreosing food supply ecould oct as both proximote

ond vltimote stimuli for o populetion to move. Proximote factors
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tend towords complexity in some coses: for exomple, it is diffi-
cult to separote the direct consequences of c¢climote on animal repro-
duction from those resuvlting from the indirect influence of climote

on the guality and quontity of feod.

Of the proximote foctors, the most importont could be grouped as

follows (Lloyd, 1949):

a) population density;
b)  food availabilty and quality;
¢) oge ond sex structure of the population;

d) climate and other physical factors.

This chopter is an ottempt to outline the mojor reproductive phenomena
in the life cycle of the femole wildebeest, with o possible bios to-
words reproductive physiology. It does not include behoviourol dota,
as these hove been odequately covered by Estes (1966) ond Watson
(1969).  These outhors included descriptions of parturition and

gdult-colf relotionships.

5.2.
MATERIALS AND METHODS

Materiol was obtained from seventy-four femoles of oll oge closses,
but chiefly odult. As explained in Chapter 4, the somple wos not
representative of oll seosons, but wos biacsed in fovour of the dry
segson. Additional doto were mode aveiloble from some sixty onimals
culled during 19563 in HGR (Anderson, pers. comm.), and from a further
eighty-nine culled in 19467 (Vincent, pers. comm,).

5.2.1,
FIELD COLLECTION METHODS

The reproductive tract wos exposed by slitting the cnimal from the

sternum to the pubis., For the single detoiled dissection of the
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troct,the pubic symphysis wos cut through ond the vogino dissected
away., If the onimal was visibly pregnant, the foetus was weighed
and sex wos determined when development wos sufficiently edvanced.
The site of implantotion (i.e. left or right uterine horn) wos
recorded. Foetol date were recorded from forty-five foetuses in
this study; these were supplemented by limited dato from Anderson
(sixty foetuses) and Vincent (thirty-five foetuses).

Both evaries (n = 126) were collected where possible, the left

with o filoment of ottoched mesentary or follopion tube to allew for
subsequent distinction from the right. The ovories were stored in
Bouin's solution, or 10% formolin. Those destined for histologicel
processing were stored in 10X formel soline. Vincent (pers. comm.)
recorded ovarion porometers (moss, diometer of lorger follicles ond
corpora lutea) from 173 ovaries: these odditionol doto were utilised

where possible.

The mommory glend was dissected owoy ond weighed ond its cctivity

noted,

Blood somples were limited to the small sample from Vernon Crookes
reserve (see Chopter 4.), and were collected from the carotid artery
or juguler vein in evocuoted heporinised tubes., Collection was mede
os soon after deoth os possible, ond deloy seldom exceeded several
minvtes. Tissue somples for histology were limited to the vagina

and endometrium.

Dote were recorded directly onto daoto sheets, specimens of which aore

shown by Figs. 5.1, ond 5.,2..

5.4.2.
SUBSEQUENT PROCESSING OF MATERIAL AND DATA

a)  OVARIES

After fixotion, the ovaries were rolled on filter poper to promote
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peripheral drying, and then weighed to 10-3g on o Mettler elec-
trical balonce. A Vernier coliper wos used to take three
measurements of each ovary, to 10-Zmm, Length wos recorded
from end to end, porollel to the mesovarium., Width was token
from the side of attochment of the wmesovarium to the opposite
side, Depth wos recorded ot right angles to the previous
measurements. The volume of the ovary wes determined by

displacement of woter in o mecsuring cylinder, to 10-lml.

Mocroscopic examinatien of overien structure followed the tech-
nigue of Cheatum [1949a) which was subsequently expanded by
Golley (1957). A rozor blade wes used to section ovaries ot
Imm intervols along the gxis: eoch section was left joined to
its neighbour ot the point of ottochment of the mesovarium.

The resultont "book" appearance reduced the chonce of double
counts of ovarion structures. In addition, the coogulated
liguor folliculi of each fellicle wos scraped out on counting.
Follicles were grouped inte eleven size claosses, ond counted.
Corpora lutea were measured from those sections showing maxi-
mum diometer. Counts were mode of corpora nigra (= albicantial,
and meosurements token using o Vernler coliper. Selected
sections were processed (Appedix I) for microscopic examination,
in order to confirm microscopically the noture of the structures

caounted.

Twenty corporo luteo were removed completely from their ovaries
and weighed to 10-4g on en electricol bolance. The results

were plotted ogoinst meon diameter, after the method of Lows
(1969).

S TEROID ANALYSES FROM BLOOD SAMPLES

Samples were centrifuged for 10 minutes, and the plosmo waos

drown off with o syringe, and then stored in o deep freeze until
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the assoys could be undertoken. F5H (Follicle Stimuloting
Hormons), LH (Luteinizing Hormene), Osstrodiel - 17 B, ond
QOestriol were determined vsing rodioimmuncossoy procedures,
The gonodotrophins fFSH ond LH) were determined with the use
of o CEA - IRE - S0RIN kit, os wos Oestredicl - 17 B. 1In the

genadotrophin kit the principal stoges of the ossoys were:

(1) incubation of the hormone with the onti-hormone
ontibody for 18 - 20 hours ot room tempercture ;
(ii)  ogitation with the onti -7 ontibody ond the
immunoadsorbant for 5 hours at room tempercture;
(iii) centrifugotion ot room tempercture and counting of

the precipitote,
Oestrodiol - 17 f ossay invelved the following moin steps:

(i) extroction of cestrodiel from plosma;
(ii) incubation of the recction mixture for 30 minutes
ot 37°C ond for two hours ot 4°C ;
(iii) odsorption of free sestrodiol on charcoal - dextraon;
(iv) centrifugotion at room temperature ond counting of

the supernotont.

Oestriol levels were determined by using on Oestriol RIA kit
(Rodiochemical Centre, England). Oestriol conjugotes in the
somples were hydrolysed using an enzyme prepaorction. An

iodine - 125 labelled ocestriol derivative was ollowed to com-
pete with the sample oestriol for binding sites on o specific
onti-pestriol ontibody. The aomount of 1125 _ 1gbelled oestriol
which is bound by the ontibody is then inversely proportional

to the concentrotion of unlobelled oestricl in the somples.

FOLTAL MASS DATA

The mess of the foetus moy be used as an estimote of gestotional

oge, following the relationship derived by Huggett and Widdas



137.

(1951), There exists o lineor relotionship belween foetol

mass and gestotional oge, such that:

M2 o (- )

where M = moss of foetus,
o = slope of line (specific foetol growth velocity),
t = gestotional oge,
ty, = % - oxis (oge) intercept .

t, varies with gestotion length, ond for gestotion pericds of

100 - 400 days (which includes the wildebeest), t, == 0,2

X gestotion period.

The ages of foetuses were then extropoloted forwords to provide
a somple of birth dotes, ond bockwords to provide o sample of

conception dotes.

5131
RESULTS AND DISCUSSION

5!E-li
DESCRIPTION OF THE REPRODUCTIVE TRACT

The reproductive tract conforms to the standard bovid paottern. In
the non-pregnont animal, there is no difference between lengths of
left ond right uterine horns (p>0,5). Mean lengths of uterine
horns are B,3cm for calves; B,Bem for yearlings; 12, 6cm for 2 - 3
year olds; ond l4,0cm for parous non-pregnont edults. Coudolly,
the vterine horns ore united by peritoneal connective tissuve; they

open independently into the vterine body.

A detoiled dissection was mode of the reproductive tract of o preg-
nont onimol of obout twelve years of oge. The duration of pregnoncy
(os determined following Huggett and Widdas, ihiﬂ.} was 98 days,

An overell view of the entire traoct is given in Plote 5.1.. The
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urethra measured BOmm, and entered the vagino 205mm from the cervix.
From the point of entry of the urethro, the vrogenitol conel con-
tinved for o further 45mm, terminoting in the vaginol opening.
Voginol length was thus 230mm. Tﬂa vaginal opening (undistended)
meagsured 55mm from dorsol to ventrol ends of the wvulvar cleft.
Ventrolly in the voginal opening wos situoted o creom-coloured

elitoris (5 X 5 X 2,5mm), which is shown in Plate 5.2.,

Plocentotion iz of the plocento cotyledonaorio type, as shown in
Plote 5.3.. Cotyledons in the onimol described obove meosured
32 X 17mm.

2,32,
THE OVARY AND THE QESTROUS CYCLE

B3 2,
OVARTIAN MASS/VOLUME RELATIOMSHIPS

The three ovarion measurements were used to colculate volume, using
the formula for an ovoid aph&re:ﬂﬂiﬁfxi . Ty + Iq « The colecu-
lated volumes were compored with the observed volumes, and gave o
correlotion coefficient of 0,9388 (p<0,001). The observed vol-
umes were very well reloted to mass fr = 0,78 pfiﬂ,DDl}, a5 SEEn
in Fig. 5.3., so thot volume could with confidence be substituted

for mass in relotionships involving the latter.

On the ossumption thot difference in moss between left and right
ovaries may imply o propensity for the heavier to ovulate first,

the masses of left ond right prepubertol ovories were plotted in
Fig. 5.4.. From the doto ovoiloble, it dees not appeor that
differences exist between the mass of the left ond right prepubertal

ovaries,

In Fig. 5.5., volume of the ovary hos been related to age. The



Fig. 5.3. : The relotionship between observed ovorion volume

ond ovorion moss. The equotion for the regres-
sion line is y = 0,9x + 0,08,

Fig. 5.4. : Comporison between moss of left ond right pre-

pubertol ovaries. (A single nulliporous odult

is included), The stroight line represents

pority in woss of the two ovories.
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presence of o corpus luteum hos o morked effect on the volume (ond
hance moss) of the ovary. As the volume of ovaries lacking corpora
lutea from adult animols falls within the ronge of prepubertal
.onimale, it does not oppear that o critical volume (or mass) need be
attoined before ovulation occurs. This conclusion must however be
viewed with coution, ot moss or volume alone can be deceptive.

Hanks (1973) found thot in elephonts pronounced hypertrophy of
foetal ovarion interstitiol tissue took ploce, to the extent that,
in the second half of gestotion, foetal overion moss could exceed

thot of neonotol or prepubertol enimals.

5l3l2¢2p
OVARIAN HISTOLOGY

Microscopic exominotion of ovories sllowed confirmation of structures
seen mocroscopicolly. The wildebeest ovory is in every woy consis-
tent within the generolised mommolion form. The moin structures
studied in microscopic sections were those in the zono porenchymotoso
(cortex), Plote 5.4, shows the germinal epithelium, from which are
derived the primordiol follicles, surrounded by o single layer of
flattened epitheliol cells. Proceeding inwards, o typicol Groafian
fellicle can be seen, conteining o primory cocyte of about lﬂﬂyn in

diometer.

After rupture of the follicle, the gronuloso cells ore transformed
into luteal cells to form the corpus luteum. In Plote 5.5. o section
of o corpus luteum of pregnoncy is shown. The corpus luteum is in

o non-rogressive phose, with luteinization pregressing.

Only o smoll somple of ovaries wos processed for histological pur-
poses: consequently, no microscopic ossessment of ovarian abnormali-
ties could be made., A single mocroscopic abnormolity was noted;

this took the form of o large (opproximately 2mm) cyst in the centre



Plote 5.1.

Plate 5.2.

Plate 5.3.

+
a

Reproductive troct of the odult wildebeest femole:

overoll wview. Dimensions in text.

A = Uterus with foetus; B = ovary; C = wvaogine;
D = wureter; E = vrinory blodder; F = wurethro;
G = wvulvar cleft; H = onus; I = rectum.

Ruler is 1Z2cm long.
(Photograph: J. Honks).

Vaginol opening, showing situvotion of eliteris (C).
A = Anus.
Ruler is 12em long.

(Photograph: J. Hanks).

Exposure of uterine wall to show cotyledonary
plocentation. The foetus is opproximately
three months old.

€C = Cotyledon.

Ruler is 12cm long.

(Photogroph: J. Hanks).
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of a corpus luteum of a recently pregnaont seven-year old animal.

Luteal tissve from this evary is shown in Plote 5.6.. The

presence of this cyst wos not reloted to ony foetol obnormality,

ond its effect on the reproductive physiology of the onimol is

unknown .

5.3.2.3.
RESULTS OF MACROSCOPIC OVARIAN SECTIONING

a)

FOLLICLES

There is considerable variotion in the number of macroscopic
follicles in the wildebeest ovory. The minimum figure of
eleven (both ovaries) was found in o 7,5 year old pregnont
animel. The maximum volve of 171 follicles wos counted in

a 12,5 year old pregnant animal,

A plot of the number of mocroscopic follicles ond oge of the
onimal showed no obvious trend, possibly becouse smoll somple
size necessitoted the inclusion of both pregnont ond non-preg-

nant aonimals.

The moximum meon diameter of o fellicle was 1lmm {frnm an 8,9
yeor old onimal, shot on 8.5.1974), aond it wos assumed that

this follicle wos obout to rupture, as it wos very close to the
periphery, The seasonol chonge in mean diometer of the lorg-
est follicle is shown in Fig. 5.6,. The April mean is signifi-
cantly greater thon the means of the preceding months (p<0,01},
and corresponds exactly to the period of oestrus during the rut.
The wildebeest thus deviotes from the stondord mommalion pottern
where loctation inhibits fellicular development, ovulation ond
oestrus (Perry and Rowlands, 1962), All wildebeest femoles
with calves ot heel ore still loctoting ot the time of the rut.

A similar situwotien is found in other species, for example the



Fig. 5.5. : The relotionship between observed ovarion volume

ond age.

Fig. 5.6, : Seosonol chonge in meon diometer of the lorgest

follicle for post-pubertal animols. Insuffic-

ient dota for September to December. Circles

represent means; verticol lines 2 X S5.E..
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Ugonda kob Adenota keb themnsi (Morrisen end Buechner, 1971).

Fig. 5.6. indicotes o decreose in meon follicle diometer after
conception in April, This trend wos investigoted further by
plotting moximum follicle diometer ogoinst gestational siage

in Fig. 5.7.. The regression line for mean values for 20 day
intervols was given by y = 0,03x + 9,49:; the line indicotes

thot for every twenty days advance in the stoge of pregnoncy

the mean maximum follicle diemeter decreases by O, Som.

Although the doto in the lotter stoges of pregnency are limited,
it would oppeoar that o similor phenomenon exists in Ugonda kob,
where moture follicles greoter thon 5mm were found to be obsent
in the lost 60 doys of gestotion (Morrison end Buechner, 1971).
The results of plotting totel number of follicles ogoinst
gestotionol stoge showed no meoningful relotionship, Similerly,
when total number of follicles were plotted ogoinst the mean
diameter of the corpus luteum of pregnoncy, no obvious relotion-

ship emerged.

CORPORA LUTEA

The mojority of the corpore luteo were oval in section, although
some were spherical., When fixed in formolin these structures
hod o chorocteristic yellowish-brown colour. Wotson (1969) wos
aoble to differentiote between corporo luteo of cycle and those
of pregnaney on the bosis of celour. This waos not the case in
this study, possibly as o result of smoll somple size during
oestrus, when corpora lutea of cycle would be encountered.
Mafliger (1948), guoted by Horrison El?ﬁE}, stated that in the

cow the corpus luteum of pregnancy could not be distinguished

from that of cycle.

The relotionship between luteol tissve moss ond mean

diometer wos estoblished by dissecting out twenty corpora



Plote 5.4. : Luu;pnulr photomicrogroph of section through o
wildebeest ovary.
A = germinol epithelium; B = primory follicle;
C = theco interno; 0 = cumulus ocophorus;
E = oocyte; F = liguor folliculi.
Scale divisions ore 107lmm.

Plate 5.5. : Photomicrogroph of section through corpus luteum
of pregneancy.

Scale divisions ore 10~lam.

Plote 5.6. : Photomicrograph of section through cystic corpus
lvteum of pregnoncy.

Scale divisions ore 10-lmm,
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lutea and weighing them to 1ﬂ'ag. This relotionship (Fig.
5,8.) gave @ correlation coefficient of 0,91 (p<0,001),

ond a regression equotion of y = 0,16x - 0,92, Thus it wos
considered justifiocble to use meon diometer os on index of
lutecl tissue mass. By dividing pregnoncy into forty-doy
intervals, and considering the meon corpus luteum dioweter

for each intervol, Fig. 5.9, wos prepored. Only in the finol
stoges of pregnoncy was there o significont (p<0,05) increcse
in meon digmeter. The findings parallel those of Watson
(19649), who described o regression in size of the corpus luteum
by obout 16% in the middle of pregnoncy, followed by o goin
towards the end of pregnoncy. This chonge towards the end of
pregnancy controsts with the situation in impale (Koyenijo,
1969) where regression tokes ploce after o certoin stoge of
pregnoncy, ond is not followed by o period of hypertrophy.

In the Ugonda kob, the size of the corpus luteum appears to

be unoffected by the gestotional stage (Morrisen, 1971).
Artiodoctyls showing no cppreciocble regression before partur-
ition include the hippopotomus, the cow, the giraffe ond the
domestic pig (Amoroso and Finn, 1962). The domestic sheep,

the block rhinoceros, ond the peccory Pecori tojocu all exper-

ience consideroble regression before parturition, suggesting

that extro-ovorion tissves supply enough progestercne for the
mointenance of pregnoncy. The African elephont oppears to be
olmost solely dependent on extre-ovarion sources, os the corpus
luteum hos been found to contoin minimol or no levels of
progesterone (Short ond Buss, 1965; Short, 1966; Hanks and Short,
1972; Ogle, Broock and Buss, 1973). The inference from this
study is thot the corpus luteum of the wildebeest is a major

source of progesterone during the terminal stoges of pregnoncy.



Fig. 5.7,

Fig. 5.8,

Moximum diometer of follicles related to gesto-
tional stage. Animals with no macroscopic
embryo were assumed to be 10 doys pregnant.
Squores denote meon volues for 20-doy intervals,
except in the cose of obsence of mocroscopic
embryos. The regression equation for the mean

volues is : y =—0,03x + 9,49,

Relotionship between mean corpus luteum diameter

and corpus luteum mass. Regression equation in

text,
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5.3.2,4,
OVULATION, OESTRUS, AND IMPLANTATION

The wildebeest exhibits o remarkable synchrony of cestrus. The
secial envirenment and the presence of rutting moles hove been
postuloted os the finol psychological triggers inducing synchronous
oestrus in severol species, the females of which ere olreody "primed”
by photoperiodicity (Foirall, 1972; Grubb end Jewell, 1973).

The relotionship between cestrus and ovulotion in the wildebeest is
not altogether cleor: there is evidence thot the vildebeest exper-
iences o "silent" ovulation (Wotsen, 1969), which is ovulotion with-
out overt ocestrus. It hos been suggested thot, in species disploy-
ing silent ovulotion, o regressing corpus luteum of cycle is necess-
ory to permit the full expression of ocestrus in ossociotion with the
next ovulation (Perry, 1971). The phenomenon has been reported in
severol species of wild ungulotes, including buffale (Grimsdell,
19730) and Ugonde kob (Morrisen, 1971: Morrison ond Buschner, 1971).

Wotson (ibid.) bosed his conclusions regarding the "silent” ovula-
tion of wildebeest on the simultoneous presence of o regressing
corpus luteum of cycle ond o corpus luteum of pregnancy, or on o
regressing corpus luteusm together with o lorge follicle. No animal
in this study wos found to hove more thon one corpus luteum.
Evidence for the possibility of "silent" owvulotion wos bosed on

only two onimols, although the femole somple over the rut wos limited,
The first specimen hod two follicles in the 8 -<9mm size closs

(the only occosion on which more then one follicle wos recorded in
this size closs), at the beginning of April 1974, and could conse-
quently be assused to be opprooching cestrus. The second specimen,
collected during the rut, had o lorge follicle of l0mm together
vwith o corpus luteum, This maoy olso be interpreted as o possible
instonce of impending postconception ovulotion, which has been

recorded for elk (Holazon and Buechner, 1958), and need not
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necessorily relote to o "silent" ovulotion. Further, the presence
of two corpors luteo need not imply two ovulotions, os occessory

corpora lutea moy be derived from unruptured follicles.

A small percentoge of colves is born out-of-season, indicoting that
some femoles are asynchronous in their cycles, Eight coses were
recorded of cseasonal newly-born colves (twe of these were recorded
by other observers: Brooks ond Keep, both pers. comm.). By bock-
dating from the gestotion period (see Section 5.2.2.(c)), the month
of conception ond hence cestrus could be ascertained. In both
June end July there were single “"records” of oestrus determined in
this monner; in August there were three, in September two, ond in
October one. Broock (1973) reports that in the Kruger Pork o few
calves are born in Morch ond April. This would meon cases of
oestrus in July ond August the previous year, ossuming on 8,5 month
gestotion peried., Anderson (1975) stotes thot in impala from the
Complex most "out-of-seoson” colves ore dropped during April, corres-

ponding to conception during September ond October.

Thus there is some evidence thot out-of-season young of wildebeest
tend to be conceived over o specific period. On the limited data,
one can only stote the possibility of the peok of ocut-of-season
pestrus occurring in August ond September. It is possible thot cows
thot lose colves soon ofter birth ore more likely to come into
pestrus eorlier (Wotson, 1969), but I wish to introduce on alternotive
or odditional hypothesis for oseasonol births. Fig. 5.10. provides
on indication of the frequency of occurrence of follicles of differ-
ent diameters. As there is o morked discreponcy between the fre-
quency of occurrence of follicles below and ocbove cbout 4mm in dio-
meter, one moy assume thot follicles in the lorger size closses
(>4mm diemeter) will eventuelly ovulote. This is further supported

by the foct that follicles in these lorger closses olmost olwoys occur

singly in eoch ovary,



Fig. 5.9. : Mean diameters (horizentel lines) of corpora lutea
for five gestotional stoges. Verticol lines

indicote 2 X stondard error.

Fig. 5.10. : Relative percentoge freguency of numbers of
follicles in specific size closses., Number
of follicles counted = 4042, being o totol
from all ovaries sectioned. All ages token

into considerotion.
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The moximum follicle sizes of non-pregnont yearlings collected after
the rut were all lorger thon 4mm, except for one (n = 6). If one
ossumes o lineor increcse in folliculer diometer prior to ovulaotion,
then from Fig. 5.6. the diometer of o follicle would increase by
opproximotely 1,5mm over a one-month period. In Fig. 5.11., the
maximum follicle size of non-pregnont yearlings hos been plotted
agoinst calendar month.  Assuming thot ovulotion corresponds to
ottoinment of the 10 -<1lmm follicle size claoss, then, by applying
the growth rote derived from Fig. 5.6., it is possible to prediet
tentotively when ovuletion would occur., In three coses, predicted
oestrus falls opproximotely in August, and the suggestion is thot,
if o second rut exists, then it is likely thot the femoles displaoy-
ing oestrus ot this time are moinly yeorlings which foiled to con-

ceive ot the first rut in Morch and April.

When ovulotion occurs, there is no evidence thot preference is given
to either ovary. Combined totols of corporo lutea, corpora nigrao
and the frequency of occurrence of the lorgest follicle produced the
results in Table 5,1.. Chi-squore volues did not deport signifi-
cantly from @ 1 : 1 ratic (p>0,1). In every cose implantation
occurred in the some side os ovulation i.e. homoloteral. Beth these
findings agree with those of Braock (1973) from the Kruger Park.
Wotson (1969) however recorded o single cose where right ovary ovu-
lotion resulted in left horn implaontotion. His dote indicated that
the first fertilised ovulotion tended to be from the right side, but

after this both ovaries contributed equaolly to fertilisotion.

There oppears to be o discreponcy between persistence of corpora nigro
in the Complex populaotion ond in the Serengeti populotion described
by ‘Wotson (ibid.}. In the lotter population, corpore nigro persisted
in the ovories to the extent thot Wotsen wos able to derive o lineor
relotionship between the number of corpore nigro ond reproductive age.

Table 5.2. shows the relotive frequency of occurrence of corporo nigrao



TABLE 5.1. :
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Frequency of occurrence of corpora luteo ond largest
follicles in left ond right ovaries, with numbers of
corpora nigro counted. Data from Vincent were extroc-
ted from his rovw data, collected in 1967. Assuming
thot the ovory with the lorgest follicle is that one
which will ovulote, the totals represent the number

of possible ovulotions.

LEFT OVARY RIGHT OVARY

Corporo luteo 20 33
Corpora nigra B85 Bl Vincent
Largest follicle 29 25
Corpora lutea 16 23
Corpora nigrao 47 60 This study
Largest follicle 36 29

233 251

TABLE 5.2. Frequency of occurrence of corpore nigro counts in
single ovories. Vincent's dota uvnpublished,
collected in the Complex in 1967, Source of
Vincent's doto os for Teoble 5.1..

NO. OF OVARIES AND PERCENTAGE

NO. OF CORPORA NIGRA VINCENT THIS STUDY
m' ’ m! :
1 78 66,1 39 55,7
2 31 26,3 20 28,6
3 9 7,6 7 10,0
4 0 0 4 5,7
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in single overies, When both ovories ore combined, the moximum
count wos 8, which occurred in 2,4% of poired ovaories. In com-

parison, Watson recorded o moximem of 10 from poired ovaries.

5.3.3.
STEROID ASSAY RESULTS

The resuvlts of gonodotrophin and gonodal steroid ossoys ore given
in Table 5.3., together with the age, reproductive condition and
some ovorion feotures of the animaols from which the somples were

token.

a) FSH AND LH

On the few doto presented, there oppears to be little obvious
relationship between FSH levels ond moximum follicle diometer;
o clear-cut relotionship would in any cose probobly not be

expected during pregnancy. The LH volues serve to provide a

ronge of rotios of F5H to LH during pregnancy.

The lowest value of LH (2,2 mIU/ml) is recorded from the single
non-pregnont onimol, ond it is possible that the higher volues
in pregnont onimols result becouse LH moy be necessory for
corpus luteum formotion (in oddition to its effect on the
synthesis of ovarien steroids), olthough the high levels of
progesterone in the luteal phase of pregnoncy may prevent any
sudden surges of LH release (Short, 1974).

b) OESTROGENS

In the non-pregnont female the ovary is the principal site of
oestrogen production, but during pregnancy the plocenta becomes
o more potent source. Oestrodiol - 17 P is the form in which
oestrogen is probobly secreted in the ovary. Oestrone, the

second mojor notural cestrogen, is also found in the ovary ond



TABLE 5.3,

Hormonal levels for seven femoles, six of which were pregnont.

Reproductive condition and mojor ovarion features are included.

DURATION OF | AGE TOTAL NO. OF SIZE CLASS OF
PREGNANCY | CLASS | LACTATION | FOLLICLES (BOTH | LARGEST FoLLIcLe | ©>F b DESTRABIOL - 17,8 ) OE3TRIGL
(DAYS) (YEARS) OVARIES) DIAMETER (mm) (IU/m1) | (nIU/m1) (pg/ml) (ng/m1)
NON-PREGNANT | 10 - 11 No 132 S 0,9 2,2 132
64 - Na ovaries not collected 0,3 5.9 132
75 - No 31 (Right ovary| 6 - 7 (Right 2,6 3,9 292
only) avary only)
77 12 213 Na 171 ;e <0,28 3,9 160 0
80 5 -6 Yes 46 5-6 0,5 5.5 120 0
85 4 -5 Yes 34 8 -9 0,6 4,2 72 0
08 12 - 13 No 49 r 1,0 6,6 120 0

‘8F1
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os an excretion product in the wrine. Oestriol is the least
active of the noturecl ocestrogens, ond appecrs to be a meto-
bolic breakdown product of the other twe. Oestrogens specific-
ally stimulote tissues derived from the MUllerion duct and the
vrogenitol sinus, ond promote growth of mammary glaonds,

Further effects include proliferotion of veginol mucosa, endo-

metrial hypertrophy ond metobolic monifestations (Eckstein,

1962).

The oestrogen results are included in Toble 5.3.. The single
non-pregnant animal had an oestrodiel level of 132 pg/ml, which
is below the level found in cettle. Moson, Krishnamurti and
Kitts(1972) reported values in o stondardised cottle 21-day
cycle to range from 17,6 to 117,5 ng/100ml (equivolent to

176 pg/ml to 1175 pg/ml).

The rise in oestrogen output during pregnoncy is due to the
presence of placentol cells. QOestradiol in wildebeest is
present in animals ot least two months pregnant (Table 5.3.).
This controsts with the findings in cottle, where cestrogenic
octivity wos not detected until the lost month of pregnoncy
(Saba, 1964). Pope, Jones, and Woynforth (1965) found no
detectable cestrogen in cottle 2 - 3 months pregnont. Both
sets of results used the mouse vterine moss methed, ond ore

thus not strictly comporaoble with my results.

The complete obsence of any detectoble cestriol is in accord

with the contention of Austin & Short (1972¢) that this cestrogen
is not produced ot all by most mammals, Short writes (in litt.
to J. Hanks, 1976): "..... we still don't know to what extent

it is on importont hormone in its own right (this seems highly
doubtful) and to what extent it is just o biological, rother
inert, metobolite. It is certeinly only produced in lorge

amounts by man ond the other Great Apes, and olthough there
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hove been cloims to hove isoloted it from blood or urine

from sub-human primotes, thesec cloims hove seldom been sub-
stontiated by rigorous chemical identificotion, and I would
still stond by the stotement thot it is not produced by most

mammals,"”

5.3.4.
LACTATION AND WEANING

The anatomy of the wildebeest mommory glond is essentially the some
os thot of the domestic cow, described, for exomple by Hommond
(1927). The initiation of milk secretion is dependent upon the
combined effect of overion steroids, pituvitory growth hormones,
ACTH, and loctogenic hormene (Amoreso, 1969). The durotion of
lagctotion, ond the seocsons over which it extends, ore of the utmost
importonce, Sodleir (196%9a) considers loctotion to produce even
more strain on the femole than pregnaoncy, ond concludes thot it must
consequently result in on increosed food intoke. Nutrition during

loctation may govern subseguent reproductive events in the femole.

Fig. 5.12, depicts mammory glond moss chonges during pregnoncy,

showing the mojor chonges which occur in moss between loctoting ond
non-loctoting glonds. The meon moss of non-loctoting glonds from
porous femoles wos 379,4g, compored to a value of 961,%g for locto-

ting, porous onimals. On overoge, lectotion induces a 2,5 times

increase in moss of the mommory glond,

The percentoges of loctoting femoles per month ore shown in Fig.
5.13.. MNulliparous or primiperovs onimals were excluded.
Megligible colf loss in Januery and February is the probable couse
of the entire semple for those months being in lactation. From
March to July, the lowered percentoges of lactating animals reflect
those fesoles which hed ceased lactoting following colf loss. The

sudden drop in August reflects either moximum calf mortolity ot the



Fig. 5.11. : Hﬂ#imum folliculor diometer (circles) of non-
pregnant yeorlings which hod foiled to conceive
ot the rut in Merch and April. Doshed diogonal
lines are projected growth rotes (see text),
Verticol doshed lines relote octtainment of the
10 ~<11lmm size closs (nt which ovulation

nccurﬁ} to month.

Fig. 5.12. : Variation in mommory glond moss with duration of
pregnancy.
Open circles = non-loctoting, parous.

Closed circles Loctoting ond porous.

Triengles = non-lactoting, primiporous.
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end of the dry season, or the onset of weaning, or o combination of
both. Whatever the foctor, weoning oppears to be completed by
September. The small percentoge of loctoting onimols in November

corresponds to eorly colves of the next season.

Assuming @ December calving peak (see section 5.3.6.2.), ond beoring
in mind the inoccurocies resulting from combining dote from different
years, calves ore weoned at obout eight months. The cessotion of
loctation opporently does not reflect the calf's willingness to
continue suckling, for Telbot and Talbot (1963) found milk in the
stomachs of onimols up to sixteen months old, suggesting they will

suckle egoin when loctotion follows the next perturition.

Further, loctotion extends through most of the dry seoson, so thot
eriticol yeors in which nutrition is o limiting foctor would conse-
quently hove immediote impact on loctoting females, and possibly
secondory effects os well. Mitchell, McCowon ond Nicholson (1976)
have shown thot red deer which breed successfully one year may fail
the following yeor on occount of poor condition from the effects of

pregnancy and loctotion in a nutritionelly poor environment.

'EI 3- 5-
ATTAINMENT OF PUBERTY AND AGE-SPECIFIC CONCEPTION RATES

5!3!5!‘11
PUBERTY

Eckstein (1962) considers thot puberty connot ba squoted with the
ottoinment of full reproductive copocity, but thot it is o stoge

of varioble length during which reproductive processes are perfected
and synchronised. On this bosis, oll femcle yeorlings in the
Complex couvld be token os pubertol, despite the foct thot some are
conceiving. The culmination of puberty is sexual moturity, ond if
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this is defined by ovulation (i.e. by the presence of o corpus
lyteum or corpus nigricons), then 22% of the yeorlings are sexually

moture i.e. they conceive in their second year of life.

From Toble 5.4, it is clear that the yeorling conception rote
(equivalent to attainment of sexval meturity) is highly variable
geogrophicaelly. It is olso likely thot it veries in time within
the same orea. Sodleir (1969b) hos reviewed the effects of light
ond temperoture on the ottoinment of puberty. Nutritionol factors
ore most often cited os couses for deloyed puberty. Doniel (1963)
reloted eorly oestrus in red deer to oreas with good food. Pimlott

(1959) found conception in 29% of yeorling elk Alces alces in one

area in Newfoundlond compored to 7% for the rest of the province.
Reduced ovoilability of food resulting in deloyed puberty may be
ossocioted with the ottainment of @ minimol criticol body size
(Joubert, 1963: Sadleir, 196%a; Mueller ond Sodleir, 1975).
Populotion structure haos even been shown to offect puberty: Snyder
(1962) demonstrated that alterotion of the sex rotio in woodchucks

Mormoto monox led to a deloyed female puberty. Edophic foctors

moy also influence the timing of puberty (Moustgoard, 1959). It
hos olso been shown thot under certoin conditions various grosses
possess sufficient oestrogenicolly active maoterial to couse infer-
tility in livestock. Although to my knowledge no signs of hyper-
vestrogenicity have been reported in Africo, Symington (1965) hos
shown thaot the oestrogenic cctivity of veld grezing com reach
levels higher than those reported to produce this hyperoestrogenic

syndrome.

Cleorly it is presumptuous to isolote foctors which moy couse the
somevhot deloyed puberty in the Complex populations in comparison
to other populotions, os it is likely thot o combination of the

foctors discussed cbove is responsible.
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i - T
CONCEPTION RATES RELATED TO AGE CLASS

In the conception rotes presented in Table 5.4., four oge closses
only ore considered, Adult conception rotes oppeor to be foirly
consistent when comparing different populations,except for dota

from Wankie. There is evidence of temporol wvoriotion in the
Complex adult conceptieon rote, but it is uncertoin whether the
differences would exert much impoect on the dynomics of the popula-
tion, If the differences between years are real (i.e. do not result
from sampling or other errors), then these would probably be coused
by differences in ronge conditions. Conception rates hove been re-
loted to different nutritional conditions for North Americon cervids
(Cheotum and Severinghous, 1950; Taber aond Daosmonn, 1958; Pimlott,
1959). Field ond Blankenship (1973) related conception rates of
some Eost Africon ungulotes to roinfoll, biomoss of vegetotion, and
crude protein. Tassell (1967) found o high conception rate in
cottle if good feeding conditions pecurred between porturition and

agestrus,

Talbot and Talbot {1?63} reported thot cows in their very old oge
closses were not pregnant. There was no sign of reproductive
senescence in onimals older than 16 vears in the Complex. MNeither
Watson (1969) nor Braock (1973) found any indication of decreasing

conception rotes in older onimgls.

Of those animals for which pregnoncy wos recorded in the Complex,

107 hod foetuses sufficiently advanced for the determinotion of sex
(these results include dato collected by Anderson in 1963, and by
Vincent in 1967). Fifty-seven of these were mole, ond fifty female.
This does not represent o significent departure from ¢ 1 : 1 rotio.
This is in occordance with the findings of other workers on wilde-

beest (Talbot and Talbot, 1963: Watson, 1969: Broack, 1973).



TABLE 5.4. Percentages of eoch oge closs conceiving,from different locolities, ond in different yeors.

In many coses, figures hove been arrived ot from row doto, either published or unpublished.

YEARLINGS 2 =3 YRS, OLD J YR5. OLD
LOCALITY YEAR
HGR + CORRIDOR 1963 0% (n = 5) | No dota No data 91,8% (n = &4) | Hitehins (pers. comm.)
COMPLEX 1967 No deta No date No dota 94% (n = 50) | Vincent (pers. comm.)
COMPLEX 1973 - 74 | 228 (n = 9)]| 100% (n = 14) | 86% (n = 36) |90% (n = 50) | This study
- o 11,5 100% 91,5% 92% 8roock (1973)
" " " 1972 57,1%

MASAT MARA, KENYA 1959 ~ 61 | 83X No data No dota 95% Talbot & Talbot (1963)
SERENGETI, TANZANIA 1962 - 65| 37X 83% 6% No doto Wotson (1969)
WANKIE, RHODESIA 1968 0% No data No date 74%  (n = 61)| Higgins (1969)

“PET
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5.3.6.
SEASONALITY OF CONCEPTIONS AND BIRTHS

513I6ill
HUGGETT AND WIDDAS RELATIONSHIP

The Huggett ond Widdos regression is shown in Fig, 5.14,, The
gestotion peried (t) wos token os 250 days, os this is the mean
figure of five estimotes extrocted from the literoture by Mentis
(1972). It also corresponds to Broack's (1973) estimation of
gestation period in the Kruger Pork, orrived ot by measuring the
intervols between colving peoks ond rutting peocks. The moss at
birth wos token directly from Broock (ibid.) os 21,74kg, o figure

based on three onimals. By substitution in the equotion:
3
HF =6 (t-t))

(explonation of terms given under Methods), the volue of a (the
specific foetol growth velocity) wos 0,1395. This is similar to
the volues derived by Wotson (1969) for two separaote years, on a
populotion bosis: 0,124 and 0, 128.

The occurocy of the Huggett ond Widdos regression hos been odequate-
ly discussed by Perry (1953), Buss and Smith (1966), Lows ond

Parker (1968), ond Frozer ond Huggett (1974). Specific growth
rates ore overages for o species, ond individual variotion may be
coused by foctors such as nutrients available to the foetus (Frozer
and Huggett, ibid.). The volue of the regression is guestionoble
in the estimotion of age of small foetuses aond embryos. Fig. 5.14.
suggests thot the foetal moss con be determined only ofter obout
fifty doys post conception; Smuts (19?43 estimotes thot in the zebro
the conceptus is visible ten to fifteen days after fertilisotion.
Moss would readily be detectoble on o triple beam bolance by thirty
doys.



Fig. 5.13. : Percentoges of lectating females in eoch month.
Nulliparous, primiporous ond parous onimals
which have not given birth the previous secson
are excluded from the totols. Figures for
eoch month ore totol somple size for porous
females. Data from Vincent (pers. comm.).
collected during 1967 and 19468 also included,

L1

Fig. 5.14. The Huggett ond Widdos regression of cube root

of foetol moss ogoinst durotion of pregnancy.
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When comporing seasonal pecks in conception or porturition from
different yeors, the error in the method will be constant for each
yeor i.e. although obsolute dotes of projected conception or birth

for ony specific foetus moy be in error, the differences between

such dotes for different foetuses would probably be real.

5.3.6.2.
SEASONALITY

Sodleir (1969b) clossified breeding seosons into six types. The
wildebeest oppeors to fulfill most of the Type 1 conditions, where
“length of time from conception to weaning is longer thon a single
optimal seoson ........ (ond) where birth ond weoning occur during
the fixed optimal seoson, but the time of conception is pushed back

so thot it occurs either in o poor seoson or in the previous season.”

Colving peoks for wildebeest in Africo hove been summarised by

Mentis (1972), ond by Spinoge (19739). Locol veriction occurs in
most populotions, but colving pecks invariobly foll within the roiny
segson, Birth pecks in the wet secson ore well documented for other
onimals os well (Lows ond Clough, 1966; Spincge, 1969; Grimsdell,
19730, aond others).

The results of extropolotion from foetel mess to conception and
birth dotes ore shown in Fig. 5.15.. 1In every cose, conceptions
ond births are spreod over aobout o one-month period, with the rut
generolly in April, and with porturition generolly in December.
Comporison with the dotes on which first colves were observed

(Fig. 5.18.), suggests thot the Huggett ond Widdos projections are
in fact foirly relioble. The duration of the rut ond of porturi-
tion appeors shorter than in Kruger Pork. Broock (1973) describes
the rut in thot oreo as extending from the first week in April to
the first week in June, clmost double the duretion in the Complex.

Similarly, calving extended from the first week in December to



-Fig., 5,15, : Peaoks of conception and parturition as determined
from the Huggett and Widdos regression. Raw
data for 1963 from Anderson {p&rs. comm, ) and for

1967 from Vincent {perE* uumm.}.

Fig. 5.16, : Records of first colves, Doto from personal

observations, Notal Porks Boord files, ond

personal communications from NPB officers.
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mid-February, with o peck during the lotter half of December and the

first week of January (in oll, ten weeks).

Sadleir (1969b) hos reviewed the proximate foctors controlling the
onset of breeding. Classically, the onset of breeding is markedly
offected by the level of nutrition, ond in the mojority of tropicol
to subtropicaol situotions it is controlled by roinfall. Photoperiod
is the proximote factor with green vegetotion ond roinfoll the ulti-
mate factor. "The wvery presence of o breeding seoson ..... shows
that selection of individuals hos worked to olleviote the detrimen-
tal effects of poor nutrition on the reproductive processes of the

population concerned.”  (Sedleir, (1969b).

Estes (1976) hos discussed the significance of breeding synchrony in
the wildebeest, ond mointoins thot it is necessery for speciolised
feeding on short green gross. He suggests thot predotion pressures
help to mointein @ short, shorp birth peak (the mojority of births in
the Ngorongoro populotion units occurred in o three-week period).

The foct thot secsonality produces offspring when grazing conditions
ore ideol is entirely consistent with the findings in this study:
Chopter 7 discusses the high leaf to stem rotios found in grozing ot
the time of porturition, which ore eguivalent to o high level of
ovailable protein. It iz pertinent to include the comments of
Eckstein ond Zuckerman (1955) on seasonality: "The teleological
stotement thot an onimol's breeding secson is so timed, ond the mechan-
ism of its oestrous cycle so arronged, thot its young are born at a
season of the yeor fovouroble to the survivel of the species, is not
on explanation, but merely on expression of the foct that the physie-
logicol processes of onimols ore odopted to their porticuler ways of

life. And in itself this is no more than o tautology.”

Spinage (19730} points out that it need not necessarily follew thot
it is noturol to produce when conditions ere optimol, os overproduc-

tion could threoten the survival of the species. He mointoins thot
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random survival of the-young might equolly be selected for,

In Fig. 5.17., 1 have related conception and birth pecks (from Fig.
5.15.) to rainfoll, Spinage (ibid.) hos presented doto to support
the view thot o proximote photoperiodic stimulus induces the rut in
wildebeest: the species shows o short-doy response i,e. breeding is
initioted by decreasing doylength. Broock (1973) has shown that
the rut corresponds with o period of most ropid decline in doylight
hours ond temperature. If photoperiodicity is the proximete foctor
for the rut, and os this fector is constont from yeor to year, whot

accounts for the voriotions in timing of the rut, os shown in Fig.

5.17. 2

Smuts (1974) orgues that in any noturol oreo the seasonal condition of
the veld is lorgely due to three climotic voriobles - roinfell, doy-
light hours, ond tempercture. As the lost twe are relotively con-
stont at any porticulor time of the year, only roinfoll ond concomi-
tant increcse in green vegetotion con occount for the irregularities
in timing of the rut. Fig. 5.17. oppeors to support this contention:
in both cases where the rut was early in the season (1963 ond 1974),
it wos preceded by abnormally high reinfoll. The relotionship maoy
appear clear, but one should be wory of drowing conclusions from
short-term studies: when on ecological event (for example, heavy
rainfell) coincides with o physiological event (eorly cestrus), the

two need not be cousally reloted.

By inspection of Figs. 5.15. ond 5.17., it cen be seen that the post-
paortum interval is obout four months, This is confirmed from o

gestotion period of 250 days.

5‘ "1.
CHAPTER SUMMARY

The reproductive troct of the female wildebeest waos decribed, and



Fig. 5.17. : Relationship of conception and birth perieds teo

rainfall.
C = conceptions
B = births

Roinfoll figures : Aug. 1973 - March 1974 : 782mm
Aug., 1972 - March 1973 : 34lmm
Aug. 1966 - Mareh 1967 : &46,7mm
Avg. 1962 - March 1963 : 714 Jmm
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found to conform to the stondord bovid pattern.

It did not appeor thot significant differences in moss existed be-
tween prepubertol left and right ovories. Meon diometer of the
lorgest follicles increased to o peck coinciding with ocestrus in
April. Loctotion wos found to inhibit neither follicular devel-

opment nor oestrus.

Increase in mean diameter (ond hence moss) of the corpus luteum
during the terminol stages of pregnoncy suggested that the corpus

luteum of the wildebeest might be o mojor source of progesterone.

Evidence wos presented to suggest that out-of-season colves were
conceived over o specific peried, ond that such conceptions might
occur in yeorlings which had foiled to conceive during the "true"

rut.

Ovulation fovoured neither left nor right ovory, aond implantotion
was homoloterol. Foetol sex rotios did not deport significontly

from pority.

FSH, LH and cestrogen levels were determined from a small female
sample. The absence of detectoble ocestricl is in occordonce with

findings in most mommaols.

Colves are weaned at aobout eight months of aoge. Vorietion in yeor-

ling and adult conception rotes is discussed,

Foetol moss dota were used to provide peaks of conception (April) ond
parturition (December). There is evidence that on early rut is pre-

ceded by obnormally high roinfoll, but this may be circumstontial,
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CHAPTER 6

REPRODUCTION IN THE MALE

6.1
INTRODUCTION

As in most polygomous mommols, the mole is relotively dispensoble
in comporison to the femole, and in terms of reproduction is con-
sequently less importont. However, Smuts (1974) hos pointed out
thot the enhonced vulnerability of the mole (see Chapter 9 ) to
predotion fovours celf survival, with resultont effects on the

perpetuation of the species.

The significonce of puberty ond sexuvol moturity in the dynomics

of o populotion hos been discussed in the previous chapter.

Puberty is more importont in the femole, since the timing of puberty
relative to the longevity of the species governs the total number

of young produced (Sedleir, 1969b). The concepts of puberty and
moturity ore however more complex in the mole, os in mony ungulotes
sexvol moturity does not necessorily imply svccessful mating, os

this is often medioted by behaviourol and social foctors.

The reproductive cycles of few mole mommals hove been adequately
~ investigoted (Chopmon, 1972). The nacessity for such investigation
is exemplified by the cose of the Muntjoc (Muntiocus sp.), where
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fowns are born throughout the yeor. Chapman (1970) highlights
the need for knowledge of the mole cycle of the Muntjac by
suggesting reasons for the yeor-round porturition : either the
moles ore fertile throughout the year, or o mole is fertile
only for o restricted period, but these periods are not the same

for all males,

The wildebeest male segment of the populetion experiences o well-
defined rut, such that the moles themselves act as environmental
factors in the reproduction of the femoles: the rut forms part of
the environment in which mating is toking ploce. Sodleir (1969b)
cotegorises the timing of male breeding relotive to the female

into two moin possibilities: either the moles are copoble of
breeding throughout the yeor, or the males hove o fixed breeding
season coinciding with the femole. In the former cotegory the
femoles either breed continuously, or they experience o discrete
breeding season. Cotegorisotion of this type requires understand-
ing of seocsonal chonges in spermatogenesis, ond in the morphology
and histology of the reproductive ond ossocioted organs. In
spermotogenesis, for exomple, the quolity of the sperm (os meosured
by motility, longevity ond proportion of live spermotozoa) shows
charecteristic seosonol voriotion even in those mommols thot ore
fecund throughout the year (Chopmen, 1972).

6.2,
MATERIALS AND METHODS

The phenomenon of seosonolity in the mole moy be investigoted by a

number of techniques:

a) The change in testis moss. This is now so stondard @ proce-
dure thot reference is mode only to eorlier workers: Kellos
(1955); Robinette ond Child (1964); Anderson (1965); Wright
(1969).
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The change in moss of occessory glonds., Chopman (1972) lists
those orgons which should be investigoted, including prostote
glonds, seminol vesicles, ompullory glonds, bulbo-urethrol
glonds, urethrol glonds ond preputiol glonds,

The chonge in seainiferous tubule diometer. This technique
hos been applied by numerous workers including Wotson (1969),
Dryden (1969), and Skinner ond Huntley (1971 o ond b).

Chonges in epididymal sperm number (Skinner ond Huntley, 1971
o ond h].

Meosurement of sperm motility (Skinner 1971 o; Skinner,
Von Heerden end Van Zyl, 1971).

The meosurement of spermotogenic octivity (Johnson ond Buss,
1967 o and b).

The use of gonodotrophin ond ondrogenic hormone ossoys (Foirall,
1972).

The ossessment of vesicular ond ompullar fructose ond citric
ecid concentrotion (Skinner ond Huntley, 1971 o ond b). There
exists @ close correletion between testiculor testosterone ond
fructose ond citric ocid concentration in meny ruminaents
(Lindner ond Monn, 1960; Short and Mann, 1966; Skinner, Booth,
Rowson ond Karg, 1968).

The simplicity of a) and ¢) led to their choice in this study,
Furthermore, there is now substontiol evidence thot the two techniques
ere valid indicetors of seasonolity: Skinner and Huntley (1971 a)

hove demonstroted the volidity of the techniques by the simultoneous

undertaking of more refined methods such as those listed under d)

and h), The diometer of the seminiferous tubule is considered to

be o reliable index of ruminant sexval function (Hay, Lindner and
Mann, 1961; Short and Mann, 1966), and has subsequently been used in
vorious studies including those of Dryden (1969), Watson (1969),
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Smuts (1976), and Hanks, Cumming, Orpen, Porry ond Worren (1976).

ﬁizrll
METHODS IN THE FIELD

As soon after deoth os possible, the testes were removed from the
scrotum by cutting through the laotter ond the tunico voginalis. IF
time permitted, the testes were weighed in the field on o triple beom
bolance to 10-lg, after dissecting owoy the pompiniform plexus, ond
inclvding the epididymis., A second weighing wos token ofter removal
of the epididymis. A small portion of the testis wos excised from
the centre, ond fixed in Bouvin's solution for subsequent histologicol
processing. When severol onimals required processing it was con-
sidered thot the deloy in field weighing might result in autolysis
of testiculor cells in those onimols still owoiting processing: in
these coses the testes ond epididymides were fixed in 10% formalin
for subsequent weighing. Moteriol wos collected in this manner

from one hundred ond twenty-four enimals.

In one odult mole o complete dissection of the repreductive troct
wos performed after chopping through the pubic symphysis. For
vorious recsons, it was not possible to moke o routine collection of
occessory glonds.

'ﬁ L] 2"- 2.
MICROSCOPY

Histologicol processing of the testes followed the sequence in

Appendix II. After embedding, sections were cut ot 7 pm, and
stained with Hoemotoxylin ond Eosin. From o smoll somple, (seven

onimols from Vernon Crookes reserve - see Chapter 4), further
sections were prepored from epididymides, voso deferentia, ompulloe,
bulbo-urethrol glends, seminol vesicles ond penis. These tissues

vere fixed in 10% formel soline, ond histologicel processing followed
that in Appendix I.
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Using o micrometer eyepiece (8 x), and on objective of 45x, the
testis sections were examined for the presence of spermotogenesis.
Testes were considered prepubertel when o single layer of cells
was apporent olong the bosement membrone of the seminiferous
tubule, together with an aobsence of spermotids in the lumen of the
tubule, which wos usuelly filled with cytoplesmic extensions from
the basement membrane. Sections were token os postpubertal when
there were severaol cell layers present, together with spermotids

in the lumen.

The eyepiece micrometer wos calibroted ogoinst on objective micro-
meter for the purpose of meosuring tubule diometer. Measurements
were token in um of thirty round tubules, and the meon value
derived. Where outolysis or tubule shrinkoge were apparent,

then meosurements were token from the bosement membrane.

6*3I
RESULTS AND DISCUSSION

8.3.1,
THE REPRODUCTIVE TRACT

The reproductive tract (excluding testes) from on eight-year old

mole is disployed in Plote 6.1.. The terminol ports of the vaso
deferentio thicken to form the ompullee, which ore obout lecm ocross
at the widest point, ond obout ¥ecm long. The seminol vesicles enter
the ompulloe just before the laotter joins the vrethra. The
vesicular glands or seminol vesicles hove fointly lobuloted surfaces,
ond are about 5em long, 3dcm wide, ond O,75cm thick. They ore situ-
oted ot the onterior end of Wilson's muscle (urethralis muscle),
which surrounds the vrethro. Macroscopically, the seminal vesicles
appear to be composed of individuel lobules seporated by trobeculoe

of connective tissue ond muscle. Microscopically (Plate 6.2.),



Plate &.1.

Plate 6.2.

Reproductive troct (excluding testes) of eight-

year old mole wildebeest. Dimensions in text,

VD
Am

vesicle; W = pelvic vrethro surrounded by Wilson's

Vas Deferens; Ur = Ureter; BL = Blodder;

Ampulle of Vas Deferens; 5 = seminal

muscle (urethralis muscle); BU = Bulbo-urethrol
glond surrounded by bulboglonduloris muscle;

M = Bulbocovernosus muscle; N = Bulbosponglosus
muscle: R = Retreoctor penis muscle; F = sigmoid

flaxure of penis; E = externol urethrol orifice.

Photomicrograoph of section through seminol vesicle
of advlt mole collected in June. Numerous olveoli
ore present, seporoted by stronds of inter-olveolor
connective tissuve, lined by columnor epithelium,

Scole divisions on plote ore 10~Llmm,
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eoch lobule contains numerous alveoli, which ore seporoted by thick
stronds of inter-alveoclaor connective tissve. The olvecli ore lined

by columnor epithelium, which is presumably secretory in noture.

There wos no distinct sign of o prostote glond, but bulbo-urethrol
glonds were prominent, measuring Jem long, 2,5cm wide ond obout
1,5¢m thick., The bulbo-urethrols were olso lobulated, and contained
alvecli which were richly supplied by secretory cells (Plote 6.3.).
The unerect penis measured 65cm; o microscopic section showed the

typical mammalion form,

6“ 3.2'
PUBERTY AND TESTIS CHARACTERISTICS RELATED TO AGE

The concepts of puberty and sexval moturity hove been deolt with in
Chopter 5. In the mole, some workers have used the ottoinment of
minimum odult moss of testes ond epididymides os criterio of sexual
maturity (Lows ond Clough, 1966). Skinner (1969) favours the
concept thot the onset of mole puberty coincides with the time when
the testes become ondrogenicolly octive, the occcessory glonds begin
te secrete fructose ond citric ocid, and the animal ossumes the
characteristic mole oppearance. He further stotes that spermatozoo
oppear some time ofter the onset of puberty. It is spermotogenesis

that is chiefly used os the criterion for puberty in the following

results,

5#3-‘-211.
TESTIS MASS RELATED TO AGE

This relotionship is illustroted in Fig. &.1., and appears to follow
o sigmoid pottern, The ottoinment of o critical odult value of
testis mass con only be very opproximote, becouse onimals from oll
months were included, ond there exists seasonal chonge in testis

moss (see 6.3.3.1.). The age of attainmnent of odult testis mass



Change in mean testis moss with age., Closed
squares indicote at least some through to full
spermotogenasis., Open squores indicote no

spermotogenesis.,  The curve was fitted by eye.
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is estimoted to lie between obout five ond six yeors. A more
occurote figure con be given with respect to the meon testis mass
at which spermotogenesis begins: this figure is obout 20g, ond is
gttoined ot about twoe yeors of oge. Based on the subjectively
fitted sigmoid curve, the mean edult testis mass would be in the
order of 130g. Watson (1969) found the mean moss of the right
testis in onimels over five years old to be 153,5g; adult testis
moss was achieved in the fourth yeor. The mean testis mess in
gnimals over five years old in this study (118,0g) was for Lower

thon Watson's figure.

I consider the concept of "minimum adult testis moss" in animols
displaying seosonol cycles to be somewhot spurious, unless one's
somple is odequate encugh to cover o specific stoge of the sexuval

cycle.

6.3.2.2.
SEMINIFEROUS TUBULE DIAMETER RELATED TO AGE

a) The Seminiferous Tubule

The seminiferous epithelium is composed of concentric loyers of
germ cells thet are ot ﬁtuges of development progressively more
advanced (Austin ond Short, 1972a). A typicol section through
a pre-pubertol testis is shown in Plote 6.4.. During early
growth of the testis only two types of cells ore clearly
distinguishoble: these ore the supporting cells locoted along
the bosement membrane, ond the gonocytes which ore fewer in

number and centripetal to the supporting cells. It is now

currently occepted (Ortovent, Courot ond Hochereou, 196%) that
the supporting cells are transformed into Sertoli cells and the

gonocytes into spermatogonia.

The post-pubertol testis (Plote 6.5) displays the chorocteristic



Plate 6.3. : Photomicrogroph of section through bulbo-urethral
gland of aon adult male. Alveoli of the glond
ore lined by secretory cells.

Scale divisions morked on plote ore lﬂ'in-.

Plote 6.4, : Photomicrogroph of section through pre-pubertal
testis, to illustrote supporting cells and
gonocytes lining the bosement membrane of the
seminiferous tubules. Note the obsence of
spermotids; cytoplosmic extensions project into
lumina of tubules.

T = Interstitiol tissue.

Scoale divisions are lﬂ-lnm.

Plote 6.5. : Photomicrogroph of section through post-pubertal
testis, showing spermatids and germ cells in
various stoges of spermatogenesis. The circuler
shape of the tubule indicates that it haos been cut
tronsversely: such tubules were selected for the
measurement of tubule diometer vsing an eyepiece
micrometer.

Scale divisions are 10~ Lmm.
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progression of germ cells at voricus stoges of spermotogenesis,
culminoting in late spermotids, The presence of spermotids
wos token as on indicotion of spermatogenesis: this was confirmed
by comporing epididymael sections from onimals judged to be
prepubertel or postpubertol from the oppeorance of seminiferous
tubvules., Plote 6.6, shows o section through the coput
epididymidis of o prepubertal animal. The lumino of the ducts
are devoid of spermotozoo. The post-pubertol cppecronce is
strikingly different (Plote 6.7.) : the lumino aore full of
moture spermotozoo and occaosional spermotids, In both coses
the luminog are lined with tell strotified columnar epithelium
with stereocilio on their free surfoces. The baosement lomina
is surrounded by o circvlor loyer of smooth muscle fibres, which

is probebly contractile in noture to cid the possage of sperm.

Change in Tubule Diometer with Age.

This relationship is depicted in Fig. 6.2., It is evident thaot
spermotogenesis begins in the second yeor of life, when tubule
diometer is obout l16um. The single prepubertol animol older
thon two yeors wos from outside the Complex (Vernon Croockes
reserve), ond is suggestive of nutritionol differences offecting
puberty. The figure of lléum is extremely clese to thet given
by Wotson (196%) for Serengeti wildebeest: 120 pm. Again, it
is somevhot dubious to give o volue for adult tubule diometer
(for recsons given in 6.3.2.1.), but Wotson (ibid.) felt justi-
fied in colculoting this veluve, for he found no evidence of
mole seosonclity. His meon volue of 169,% pm seems to ogree
foirly well with the point where the eye-fitted curve in

Fig. 6.2, flottens out. Agoin, the curve agrees well with
Wotson's stotement thot the meon odult volue is ottoined ot

the end of the third year or eorly in the fourth year. The

mean volue of tubule diometer from onimols over four yeors of



Change in tubule diameter {Pm} with oge. Open
circles indicote no spermotogenesis; closed
circles indicate ot leost some through to full
spermotogenesis. Curve fitted by eye.
Triongles represent means of oge classes (2 -<3:

3 -cd;: 4 -<5; 5 -<7; 7 -<10; 10 - <14),
. 4
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oge was 177,8 pm.  The curve has o fointly sigmoid oppearonce,
which is typiecal for mommols {D:ydnn, 1969). Thus,spermatogen-
esls continues for obout twe yeors until the "odult™ wvoluve for
meon tubule diometer is ottoined. The moximum value in buffolo

is only ottoined by about eight to nine years (Grimsdell, 1969).

The oge when spermotogenesis first occurs in springbok is 36
weeks, ond spermotozoo ore present by 48 weeks (Skinner and

Van Zyl, 1970). Epididymal smears showed the presence of
spermatozoo in impale ot 13 months (Kerr, 1965). In both these
species, spermotogenesis begins obout o yeor earlier thon in the

wildebeest.

In order to determine whether there wos any indicotion of o peak
or decline in tubule diometer (i.e. reproductive setivity) with-
in ony oge group, on analysis of vorionce was performed on the
following oge closses; 2 -<3 years; 3 -<4 yeors; 4 -<5 yeors;

5 -<7 years; 7 -<10 years; ond 10 - 14 years. The results
showed significant differences (p<0,001), and t-tests were con-
sequently performed between individuol meons. The 2 -<3 year
old closs was significontly lower (p<0,001) thon both the 3 -<4
ond 4 —<5 year old classes. The 10 - 14 year old oge closs was
significantly greater thon the 5 - 7 yeor old class (p<0,05).
This con be token os on indicufiun that there is no sign of repro-
ductive senescence., Anderson (pers. comm.) found no evidence
of decrease in tubule diameter in older nyolo age closses. A
similor sitvotion wos reported for impala by Honks, Cumming,
Orpen, Parry ond Warren (1976). Grimsdell (1969), however,

found o slight reduction in tuvbule diometer in buffalo over

twelve years old.
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6‘3‘2'3'
RELATIONSHIP BETWEEN TUBULE DIAMETER AND TESTIS MASS

This relationship is shown in Fig. 6.3.. Two separaote regression
equations hove been calculoted, one for prepubertol testes and the
other for postpubertol.

Prepubertal :
y = 38,25 + 3,27x (r = 0O,8737 ; significant ot p<0,001)
Postpubertal :
y =11591 + 0,59« (r = 0,6479 ; significent ot p<0,001),

Although both correlotion coefficients are highly significent, in

post-pubertal onimols there con be considercble reduction in testis
moss with little corresponding chonge in tubule diometer. Thus o
reduction in testis moss with seacson need not necesscrily be due to

change in seminifercus tubule diameter.

6" 3" 2' q-l
MEAN TESTIS MASS RELATED TO BODY MASS

The results of plotting meon testis moss ogoinst body moss ore shown
in Fig. 6.4.. Frisch (1974) has demonstroted o close relotionship
between o critical body mass and the onset of puberty. The criticel
body mass in wildebeest would appear to be about 160kg. This
differs from the situotion in impala, where Hanks et ol (1976) were
ungble to cleorly define o eritical body moss coinciding with

spermatogenesis.
The regression equations for Fig. 6.4. ore :

Prepubertal : y = 14,48x + 30,70 (r = 0,87 ; p <0,01)
Postpubertol: y = 0,39x + 189,91 (r = 0,62 ; p < 0,001)



Relotionship between tubule digmeter and mean
testis moss. Open circles indicote no
spermotogenesis; squores indicote some through
to full spermotogenesis. Regression equotions

ond correlation coefficients in text,
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ilﬂlzi&l
SIGNIFICANCE OF PUBERTY AND SEXUAL MATURITY IN THE MALE

In summory, spermatogenesis commences ot two yeors of oge, when the
mean testis mass is obout 20g, the seminiferous tubule diometer
about 1l6um, end the body moss cbout 160kg.

hAnalysis of oges of onimols derived from different sociol groups
during culling showed that the youngest territoriol mcles or males
with breeding herds were 4,5 yeors. ©On the ossumption that only
territorial moles ond single odult males in breeding herds toke

part in moting, then ot leost 2,5 yeors elopse between spermotogenesis
and octive breeding. This is o minimum figure, for the meon oge of
territoriol moles (including those with breeding herds) is 5,7 yeors,
These results ore similor to those of Watson (1969). He considered
that the Serengeti mole wildebeest, although physiologically caopable
of reproducing between the ages of two ond three, ond physically
mature between three ond four, do not breed until over five yeors
eld, The Ugonda kob is subject to o similer deloy: spermotogenesis
occurs ot obout one yeor, but breeding is unlikely until ebout three
ond a half years (Buechner, Morrison ond Leuthold, 1966). A very
pronounced deloy between puberty ond moting occurs in buffale.
Grimsdell (1969) ploces puberty ot two and a half to three years,
sexval moturity ot four ond o holf years, but considers it doubtful

whether the moles toke on octive port in moting until eight yeors
old.

Emlen (1973) hos put forward on hypothesis os to why, in most memmols,
the femoles recch reproductive age sooner thon maoles, An experienced
mole is more successful in the defence of o territory; consequently,
young males have less chonce of successfully mating, ond selection

for early reproduction is opposed. With lessened selection for
efficioncy in reproductive behaviour early in life, the male segment

of the populotion will respond to any existing selection pressure
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opposing moture sexuol chorocteristics, and delayed maturity should

result,

An aolternotive speculation has been proposed by Smuts (1974). He
suggests thot in zebro, selection hos operoted to reduce competition
for mares by extending the pubertol interval te stollions. If the
pubertal intervol were shortened, and the age of psychological
moturity reduced, then the potentiol number of moles competing for
cestrous femoles would be increased. The involvement of young
onimals ecouvld directly affeect their survivel, while incressed contact
between stollions would indirectly disrupt fomily units, with possible

effects on the dynomics of the entire population.

833,
THE MALE SEXUAL CYCLE

5,331
SEASOMAL CHANGES IN TESTIS AND EPIDIDYMAL MASS

In considering seasonal changes in the male, only those onimols older
than three years were utilised. This wos based on Fig. 6.2., where
tubule digmeter in the 3 - 4 year old oge closs was significantly
lorger thon the 2 - 3 yeor old closs, ond it wos assumed thot
spermotogenesis wos complete ofter three years of oge. Fig. 6.5,
illustrates the change in meon testis mass with month. The pre-rut
means of testis moss were significontly higher (p < 0,05) than those
towards the end of the dry season (July, August ond September).

The meons at the beginning of the roins (October, November ond December)
were significantly higher (p < 0,01) thon those for the preceding three
months.  The moximum pre-rut mean volue decreased by 48,68 to the
minimum dry secson meon velue in July. Watson (196%) was uncble to
find any seosonol voriotion in testis moss of Serengeti wildebeest,

but warned thot further infermotion wos required before cbsence of



Mean testis moss relaoted to body moss. Open
circles indicote no spermotogenesis; closed
circles indicote ot least some through to full

spermotoganesis. Regression equotions in text.

Change in meon testis moss with month for moles
older than three yeors. Cireles indicote
means;: werticol lines are 2 ¥ stondord error.

Shoded band indicotes the rut.
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seasonal voriotion couvld be confirmed. The pottern Lllustrated in
Fig. 6.5. is rother similar to thot of the block wildebeest (Skinner,
Von Zyl, ond Van Heerden, 1973) where peock testis vaolues were reached
in Morch before the rut, declining to o minimum in September. Spinage
(1969) recorded lowest testis mass in July for woterbuck, which corres-
ponded to the driest month. Impalo show moximum testis mass two
months prior to the rut [Anderson, 1945; Skinner, 1971b). Hanks et
al (1976) found a significont difference in impola testis moss during
the rut ond at the end of the dry season. In generol, the results
from this study indicate thot testis moss fluctuotes seasonally along
the lines shown by most other seasonal breeders including blesbok,
impala and springbok (Skinner, 197la). The pottern of pre-rut testis
moss peoks, or peaks coinciding with the rut, is olso found in Cervids
(Chapman, 1972).

The change in mean epididymal mass (Fig. 6.6.) is olsest identicel

with thot of testis mass. An increose or decrease in testis moss
would thus oppear to be directly reloted to o similor change in epi-
didymal mass. This pottern, where on equally pronounced chonge in
epididymal moss occurs, is also found in blesbok ond springbok (Skinner,
1971a). In general, the situation is the same in Cervids: Chaplin ond
White (1972), for exomple, found thot in Follow deer Doma doma the de-
velopment of the epididymides poralleled thot of the testes. The
impala appears to be on exception: Skinner (1971b) found that testis
moss was moximol prior to the rut, whereas epididymal moss pecked ot

the rut, when testis moss hod olreody storted to decline.

6.3.3.2.
RELATIONSHIP BETWEEN TUBULE DIAMETER AND MONTH

The meon volues of seminiferous tubule diometer for maoles older then
three years ore plotted ogoinst month in Fig. 6.7.. The seosonal

changes follow o similer trend to that of testis ond epididymis



Fig., 6.6. : Meon volues of epididymal moss plotted ageinst
manth. Shoded bar indicotes the rut. Verticol
lines extend for 2 X S.E. either side of the

mean .
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moss. The August mean volue ot the end of the dry season is
significantly smoller (p < 0,05) thon the pre-rut volues. The
moximum mean volue in Jonvary decreoses by 36,5% to the minimum
in August. This was very close to the percentoge increose shown
by impala during the rut (Skinner, 1971c) which wos cbout 30%,

In the black wildebeest, Skinner, Von Iyl ond Von Heerden (1973)
also found moximal tubule diometer valuves in January. The
decreasing trend in diometer ofter the rut corresponds to the
generol pattern shown by other seasonol breeders (Skinner, 1971a).
In this study, tubule diometer chonge wos temporally reflected in
testis moss chonge; this does not hold for the springbok, where
Skinner ond Van Iyl (1970) described how the peak in tubule
diometer preceded the testis peck by cbout two months. Wotson
(1969) reported no seosonol change for wildebeest tubule diometer
in Eost Africe, but mentioned the need for further investigotion.

At no stoge during the year did spermotogenesis cease. Plote 6.8.
illustrotes the stote of the seminiferous tubules from on adult
mole collected during the rut., This maoy be compared with Plate
6.5., olso from on odult onimal, but collected eorly in September,
ot the end of the dry sesson. Skinner, Von Iyl ond Von Heerden
(1973) made o similor finding os regords year-round spermatogenesis
in the block wildebeest, but histochemical chonges in testicular
interstitiol tissue ond the concentrotion of vesicular fructose
indicoted o decline in spermotogenesis in spring. Spermotogenesis
throughovt the yeor hos been demonstrated in kudu, springbok,
impola ond blesbok (Skinner, 197la) and in the pronghorn Antilocapra
emericono (0'Garo, Moy ond Bear, 1971). A cessotion of spermato-
genesis ond o period of infertility occurs in most Cervids (Cheatum
ond Morton, 1946; Short ond Monn, 1966; Chopman, 1970; Lincoln,
Youngson ond Short, 1970; Lincoln, 1971; Chapman, 1972; and Cheplin
ond White, 1972,)



Mean vaolues (circles) of seminiferous tubule
diometer plotted ogoinst month, Only onimels
older than three yeors are considered. Vertical
lines indicote 2 X stondord error; shoded ber

corresponds to the rut.
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The presence of breeding moles ot seasons of the year when femcle
breeding does not occur has been discussed by Sodleir (1969b), who
suggests thot the phenomenon moy be necessory to maintain the male

in o certain behavioural stote for reosons of etholegy or population
dynomics, The presence of yeor-round spermotogenesis in the
wildebeest implies thot testosterone levels ore mointoined ot o
specific level., This could account for the foct that many wildebeest
bulls are territoriel throughout the year. This hos important
conseguences on population structure (see Chepter 8) end even on

hobitet vtilisotion (Chopter 7).

6.3.3.3.
THE QUESTION OF THE “SECOND RUT."

Evidence wos presented in Chopter 5 thot suggested thot some femoles
were conceiving outside the moin rut, towerds the end of the dry
season, The percentage of single (i.e. territoriol) males in the
populaotion chaonged seosonally, ond two pecks occurred (see Fig. 8.2.).
The first peok coincided with the rut, ond the second took plaoce

in August and September. Anderson (1972) and Vincent (1972) have

shown similor secondory peocks for impolo in Zululond,

If indeed moting does toke ploce ot this time, then it coincides

with the lowest peint in the maole sexval eycle., However, it need
not necessorily fellow that o low point in the sexvol cycle is
inconsistent with moting, for Bigalke (1970) hos reported on o

second colving peak in springbek, which coincides with o September
or October conception period. This period hos been shown by Skinner
and Van 2yl (1970) to correspond to the lowest point in the mole
cycle. Furthermore, Chapman (1972) stresses thot morphological
chonges, whether mocroscopic or histelogicel, do not necessarily
reflect the secretory octivity of the glond. In red deer ond roe

deer,spermatogenesis did not coincide with the rut (Short and Mann,



Plote 6.6. : Photomicrogroph of section through coput epididymidis
of pre-pubertol wildebeest. The ductus epididymis
is devoid of spermatozoa. Note stereccilio extend-
ing from tall epithelium toword the lumen.

Scale divisions in 107mm,

Plote 6.7. : Photomicrogroph of section through coude epididymidis
from post-pubertal wildebeest. Alveoli ore densely
pocked with spermotozoa.

Scole divisions on microgroph ore 10~ Lam.

Plate 6.8, : Photomicrogroph of section through testis of odult
mole collected during the rut. The oppearonce is
essenticlly the some os thot in Plote 46.5., which

was token from on onimol collected ot the end of

the dry season.
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1966; Lincoln, Youngson and Short, 1970), ond one con infer thot
ot least in Cervids the rut does not provide o good indication of

the seosonal chonges which toke ploce in mole orgaons.

An olternative explanation for the second peock in single moles

may be unreloted to sexval activity, Estes (1969) also recorded

two peaks in territoriol octivity of wildebeest in Ngorongoro croter;
the second peak wos related to the stort of the roins, when the
restoration of obandoned postures efforded opportunities for prospect-
ing males to estoblish themselves on o territory without meeting the
some degree of resistonce encountered in an intoct territorial
network. This orgument would possibly explain the rise in testis
mass, epididymal moss, ond tubule diometer in my results at the
beginning of the rains: these phenomenc moy be due solely to increased
nutritionel stotus. The question of o second rut in wildebeest is

discussed further in Chapter B.

6.3.3.4.
DISCUSSION ON THE RUT AND MALE SEASONALITY.

The wildebeest rut hos been described in detoil by Estes (1966, 1969)
and by Wotson (1966, 1969). Mo ottempt was mode in this study to
duplicate their ethological work, but field observotions support the
view that behaviour wos essentially the some os desribed by the

obove authors, except that the Complex populotion, being non-migrotory,

did not exhibit the phenomenon of "psevdo-territories" described by
Wotson (1969).

The synchronisotion of the mole is subject to the some foctors

discussed in Chopter 5 for the femole. In the Soay sheep, rams

ond ewes respond independently to environmental foctors, but it is

~ well established that the sociol environment itself may offect the
onset of cestrus (Grubb and Jewell, 1973)., Lincoln ond Guinness (1973)
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suggest thot in red deer, both the stag ond the hind ploy importent
roles in initioting the rut, In the some species, Lincoln (1971)
proposes that the cessation of rutting activity is probably due to
the onset of o period of behaviouraol "refroctoriness™, brought on

by sexuvol exhoustion after o period of intense rutting behaviour.

The eyclicol chonges in the male reproductive orgons could be due
to changes in photoperiodicity. Specificelly, in the Zululond
wildebeest, this would be decreasing daylength. Chapmon (1972)
has reviewed other environmentel foctors which may offect the mole

cycle.

An olternotive explonotion is thot the cyclical changes shown by
Zululond mole wildebeest ore unreloted to o sexual cycle. These
changes moy be due solely to nutritionol chonges following reinfall.
This would support ovoiloble evidence as to why no mole "sexval
cycle” wos found in the some species in Eost Africe (Wotson, 1969),
and in East Africon buffolo (Grimsdell, 1969). These populations
ore subject to a bimodal raoinfall pottern with the result thot
condition is maintoined ot o relotively high level throughout the
yeor, ond mole reproductive orgons consequently show little or no
cyclicol chonge. If one defines a male sexval cycle in terms of
o period when spermotogenesis ceases or when the mole is incopable
of sexval octivity, then the wildebeest does not display o true

sexvol cycle ot oll, os conceptions are toking plece ot the lowest

"ebb" of the "eycle." There are indeed cyclical changes, but it

is quite possible thot these chiefly morphologicel chonges are
wholly unreloted to o sexvel cycle. Bromley and Neaves (1972)
compored the reproductive octivity of territorial and bachelor impale
moles, ond found thot differences in testis moss, seminiferous

tubvle diometer, ond spermotogenic octivity were negligible. They
suggested thot the similority of the testis in these two sociol

groups, where only the one group (territoriol enimols) wes partoking
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in breeding, implied thot testiculor development did not reflect

sexval activity.

Correlotion wos tested between tubule diameter ond KFI, ond
between testis moss and KFI. The resvlts do not tend to sub-
stontiote my argument thot the cycles ore reloted to condition:
for tubule diometer and KFI, r = 0,46 (p< 0,01); ond for testis
mass and KFI, r = 0,47 (p < 0,01). This need not necessarily
negate the argument, as a time-log effect between kidney fot
deposition ond testicular morpholegy changes may be opparent.

The hypothesis thot the seasonol chonges in the male reproductive
organs ore not reflecting o sexuol cycle requires further invest-
jgation. Other species for which o mole sexual cycle have been
dascribed ond which also reguire investigotion olong these lines

include: impola, springbok, blesbok, and kudu (Skinner, 1971a).

6.4.
CHAPTER SUMMARY

The mole reproductive organs are described.

Onset of spermotogenesis was found to occur ot obout two years of
age, when the meon testis moss wos about 20g, the seminiferous tubule
diameter about 116 pm, and body moss about 1&0kg, There wos no evi-
dence of reproductive senescence, bosed on decrease in seminiferous
tubule diameter. Considercoble reduction in testis mass could take
place without concomitant chonge in tubule diometer. At least 2,5

years elopsed between spermotogenesis ond octive breeding.

Despite the foct thot seosonol chonges took place in testis moss,
epididymol moss aond tubule diameter, both spermotogenesis ond concep-
tions took place ot secsonal "lows."  Some doubt is cost on whether
the mole wildebeest (in eddition to some other ungulotes) experiences
o true sexuval cycle, os the secsonal chonges in reproductive organs

may be reloted merely to nutrition.
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CHAPTER 7

FEEDING AND HABITAT RELATIONSHIPS

.1,
INTRODUCTION

Five different ospects were considered in this study to investigote
the relationships of wildebeest with their habitot: hobitot selec-
tion, rumen content analysis, ecolegicel separotion, grazing
succession, ond distribution coupled with movement. These ospects
are essentially ¢ continuvum, but I have chosen to present results
seporately for the soke of clority. Cross-references are mode
where opplicable to reinforce the concept thot the aspects consider-

ed are intimately reloted.

A knowledge of hobitot selection and other ecological requirements

is basic to any manogement progrom. Ungulotes have been shown to
exhibit o heterogeneous distribution over Africon vegetotion types,
ond this hetercgeneity may be directly reloted to vorying degrees
of haobitot selectivity (Petrides, 1956; Darling, 1960; Grzimek and
Grzimek, 1960; Lamprey, 1963; Vesey-Fitzgerald, 1945; Anderson and
Talbot, 1965; Simpson ond Cowie, 1967; De Vos, 1969; Field ond Lows,
- 1970; Ferrar and Wolker, 1974; Pienocar, 1974: and Hirst, 1975).
Attochment to hobitet is not only linked with the ovailability of
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desirable food plants but with other feotures which include shelter
and woter aveilability. Pienoor (1974) has listed some factors
whereby distribution of herbiveres within habitets is influenced.
Mutritionol deficiencies con be oveided to some extent through
hobitet selectivity; conversely, such deficiencies moy be mognified
by the selection of hobitots or food plants notobly deficient in

essential nutrients.

One of the most importont conditions for the mointenance of o popu-
lation is that the availaoble food should be sufficient both in
guontity and nourishment value (Jensen, 1968). Consequently,

investigotion of rumen contents can provide insight into seosonal

chonges in quolity, which moy be reloted to the condition of the
population, Klein (1970) has demonstroted thot Morth American

deer show direct responses in physiology and populeotion dynamics

to quolitotive ospects of their food supply. Anaolysis of rumen
contents may olso be reloted to the guestion of o grozing succession.
Gwynne ond Bell {1968) postulate thot if o grozing succession is
apparent, then one would expect thot different species in the
succession would displey different proportions of gross structural

components in the rumen,

With respect to the ecologicol seporotion of sympotric species,
previouvs work hos been lorgely concerned with the principle of com-
petitive exclusion. This principle (Lock, 1971) implies that those
species which differ primarily in hobitot differ in their odoptotions
to their respective habitats, ond thot those which differ primarily
in their foods differ in their feeding adoptations. For example
Darling (1960) hos shown thot sympotric herbivores occupy separote
niches, while Lomprey (1963) suggested behovioural, temporal and

other means whereby animals may co-exist.

- Most onimel groups show incredsed speciation in the tropics, and

consideroble ecologicol theory has been directed towards this
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phenomenon (Klopfer ond MacArthur, 1961; Connel and Orics, 1964) .
One ecologicol interpretation of this is niche width and niche
overlop (Klopfer and MocArthur, ibid.), ond in general the
hypothesis is thot tropicol organisas hove narrower niches.
Whereos the concept of ecologicel niche is old (Grinnell, 1917),
the quontitotive evoluation of niche width is relotively new
(Levins, 1968). Hutchinson (1957) formolised the niche concept
by considering the niche as o hypervolume in on n-dimensional
hyperspaoce, with eoch oxis corresponding to some relevent environ-
mental variable. This concept of the niche wos vsed by Ferror
and Wolker (1974) to determine the nature ond relotive importonce
of those foctors separating the major herbivores in Kyle Nationel
Pork, Rhodesio. Their opprooch wos adopted relatively unchonged
in this study,

The phenomenon of o "grazing succession® was originelly described
by Vesey-Fitzgerald (1960) in East Africo, where o sequence of
herbivores (heavier followed by light) used different pastures in
rotation, resulting in alternote periods of optimum use aond rest.
Mojor contributions to the understonding of o grozing succession
were mode by Bell (1969, 1970, 1971). The species relotionships
to o grozing system hove been interpreted in terms of maintenance
requirements, rote of ossimilotion of food from the gut, rate of
intoke of food, ond aveilobility of food (Bell, 1969). The level
of the herb loyer selected corresponded to the position in the
grozing succession (Bell, 1970). This work wos the foundation

for the Bell - Jormon principle (Geist, 1974), which relates forage
choice, body size ond digestive techniques to eocch other and to
sociol orgonisotion. Bosicolly, the body size of on ungulote
species is a function of the fibre content (digestibility) and
density of the foroge they exploit. More recent work {McNaughton,
1976) hos underlined the importonce of grozing successions.

McNoughton wos able to demonstrote how heavy grozing by migrotory
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wildebeest prepared the plont community for subsequent dry seoson

exploitotion by gozelle, Gozello thomsonii.

From an understonding of the requirements of wildebeest based on
the ebeve studies, one moy assume thot the onimal is odapted to o
very specific herb loyer structure, and that chonges in this struc-
ture will initiote movement, which may be reloted to o succession.
The objects of this aspect of the study were to determine those
times of the yeor when wildebeest were independent of other species,
when they competed with other species, and under what herb loyer

conditions competition (or lack of competition) wos epparent.

The final ospect considered was movement and distribution.

Western (1975) clossified large mommal communities into three

brood cotegories on the bosis of seosonol movement: migrotory,
dispersaol {uut season dispersal ond dry seoson cunc&ntrntinn],

ond resident. Whotever cotegorisotion is employed, the reason

is closely releted to habitat. Pienaar (1974), in clossifying

the environmental foctors governing distribution (physical,
historical, ond biotic), mointained that vegetation wos all-important.
This hes been confirmed by numerous studies (references include

those in the introductory poragroph on habitat selection), especially
thot of Blankenship ond Field (1972). The response of o population
to o vegetotion structure thot differs from the gptimum is to move
oway from it. Bell (1968) showed that, in the caose of wildebeest,
when the grass wos too long it differed from the optimum in that

the proportion of structural to cytoplasmic constituents was too

high to ollow the species to horvest ond ossimilate o mointenonce

diet.

Wildebeest movement potterns hove been studied in detoil in Eost
Africa (Talbot and Talbot, 1963; Waotson, 1964: Pennycuik, 1975;
and Inglis, 1976). In most coses, roinfoll was the proximate

foctor initioting movement. The Eost Africon situotion is dominoted
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by the migrotion spectocle, and is hordly comporcble to movement
potterns in Sovthern Africo. Migrotion dees occur in the Kruger
Notional Park (Breack, 1973; Joubert, 1974), but no true migrotion
occurs in Zululend. The obsence of a true migrotion necessitotes
o closer understonding of movement which does occur, os this move-
ment complicotes the present system of gome removol undertoken in
tha Complex. Gaome removal is centred on areas considered to be
degroded, and the size of these areos often means that they hove
been vocoted by the time copture is to toke ploce. The objective
of o movement study in the Complex is ideally to delimit subpopu-
lation boundories or ecologicol units, baosed on the area in which
o given sub-populotion normolly moves. Additionol objectives are
o knowledge of the extent ond speed of recolonisotion of removal
oreas (which relotes to the volidity of estoblishing "vacuum"
areas), and the utilisation of burns ond uplond areas (which

relotes to the possibility of sighting additional waterpoints).

7.2,
HATERIALS AND METHODS

7.2.1.
HABITAT SELECTION

Although data on hobitot selection were collected throughout the
Complex, only those from UGR ond the southern Corridor were analysed.
Mot only did the majority of observotions come from the last twe
aoreos, but the HGR populotions were found consistently in opproxi-
motely the some oreos, with the result thot hobitot selection for

thot reserve moy be deduced from the HGR vegetotion mop, compiled
by Whateley in 1975(HGR Herbarium).

When on observotion wos made, the habitot type recorded was bosed

on the dominant tree or shrub species, coupled with o stondordized
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description of the plont community form. Any observeotion could
be reloted to one of nine possible plant community forms (Porter,
Scotcher ond Downing, 1973 ): floodplain grosslond, dry gressland,
bush clump grosslaond, wooded grosslond, open woodlond, closed
woodlond, riverine forest, or thicket, Dominont gross species
ware recorded where possible. Becouse on moany occosions more
thon one dominant species wos recorded, ond owing o the vorieotion
in community form, the resulting number of "possible”™ hobitot
types was of o magnitude (in the order of seventy) incompatible
with stotistical onalysis. Reduvction wos essentiel, ond this wos
performed by ossigning each sighting to one of Downing's (1972)
brood woody community divisions., This wos considered justifioble,
in thot Downing (para, comm.) maointained that his mojor divisions
reflected environmental trends with chorocteristic soil ond vege-
totion feotures. A further advontoge loy in the foct thot the
mojor divisions were plotted on o vegetotion mop (Downing, 1972 ),
and their relotive areas could be deduced. A slightly revised
version of Downing's originol woody community divisions wos used:

Open woodlond, comprising five communities (Acacio caffra, A. tortilis,

A. nigrescens, A. burkei, ond Combretum cpiculotum}; Closed woodland,

with three woody communities (A. nilotico, A. grandicornuta,

Spirostachys ofricono); and the Riverine Association represented

by o single woody community, A. ruhuatg{?huenix reclinato. For the

purposes of essigning oreas in HGR to these communities, the
A. grondicornuto and 5. africano communities hod to be combined, as
they were not wholly distinct on Downing's (ibid.) vegetotion map.

The oreas of the communities were determined by cutting out seporate
communities morked on the map, and by weighing the combined "snippets"™
for each community to 10-%3. Relotive areocs of the communities
enobled selection to be considered when habitat sightings were

weighted on on eguol oreo baosis,
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?;2-21
RUMEN CONTENT ANALYSIS

Rumen contents of both buffalo (fifty-nine samples) ond wildebeest
(forty-seven samples) were onalysed occording to gross structural
components only. No ottempt wos mode to onalyse on a species

composition bosis, Buffalo were included becouse culled moterial
was availoble during the study, ond becouse their obility to graze
in long gross oreas would provide o fovourcble comporison with the

short gross selectivity of wildebeest.

The method followed closely that of Gwynne and Bell (1968).

Somples were collected from the rumen ond stored in on olcohol-ocetic
ocid-formolin solution (AFA : 18 ports 70% ethonel, 1 pert glociol
acetic ocid, ond 1 part 40% formoldehyde) until onalysis could be
mode, Subsomples were woshed in o sieve, ond placed in o laorge
petri dish, overloin by o sheet of perspex which was scored with an
11 X llem grid of 1ce? blocks to give 100 line intersections., The
gross port beneoth each intersection wos exomined through o binccular
microscope, ond ossigned to one of three cotegories: leaf, sheath,

or stem (culm). If it wos impossible to identify o specific com-
ponent beneoth on intersection, then the neorest identifioble com-
ponent wos recorded. In this monner, o direct percentoge occurrence
could be oscribed to eoch grass component. Gwynne ond Bell (ibid.)
showed thot there were no significont differences between the results
of onolyses of different sub-samples from the some somple, nor be-

tween synthetic mixtures of known plant perts ond their onolyses per-
formed by this method,

No measure of avoilebility of gross components wos mode in this study;
consequently, the results could not be directly reloted to selectivity.
Although limited dato were collected on direct observations of plont
species eaten in the field, the results are not considered, os the

doto avoileble from this technique are subject to the donger pointed
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out by Stewort ond Stewort (1971), namely that the choice of food
plants will depend, among other factors, on the choice of plant
species oveilable, Records of gross species eaten by wildebeest

hove however been compiled from field observations by Anon. {1?5“),

Hitchins El?ﬁﬂu}, Braaock {1??3}, and Hirst (1975).

5 .
ECOLOGICAL SEPARATION

Four herbivores were selected for on investigation of the structural
features of the hobitot which might serve to separote them. Three
(wildebeest, zebra, and white rhinocerss) were chosen for their
gpporently similer grozing requirements, ond the fourth (buffalo)
was included on occount of its impact on the habitet, ond becouse
there existed the possibility of releoting thot species separotion

to rumen content onolysis. Dato were initially collected on impolo
as well (en occount of their wide distribution and high numbers),
but this species wos loter discaorded owing to the complexity which
resulted from inclusion of habitot variables for o species which

was both o browser and a grozer. Dota collection wos limited to
UGR as it wos considered thot herbivore-hobitot stresses were more
morked in that reserve (in comporisen to other areas in the Complex),
ond it wos felt thot, for monogement purposes, o knowledge of
herbivore-hobitat interoctions would be more voluoble from on orec
in which culling wos becoming increosingly essentiol. Further,

it was considered that any ottempt ot ecologicel seporotion would
only be meaningful in o relotively homogeneous environment, ond

the inclusion of doto from HGR (which differs essentially in habitaet
from UGR) might render interpretotion of the results more difficult.

Hobitdt veriables were recorded ot feeding sites for the four specias,
Green (1971) stotes thot the cheice of environmental porameters

(i.e. habitat voriables in this cese) for @ multivoriote onalysis
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should hove o reosonoble theoreticel possibility of offecting
feeding site, ond should be reodily determinable in the field.
The lotter factor meant that mony voricbles hod to be visvally
estimoted (see Toble 7.1.), but Ferror ond Wolker (1974) moin-
toin such estimotion is justified, os the choice of site by o
herbivore is likely "to encompass voriobility of the some order

of magnitude os would result from such estimctes.”

The originol varicbles considered are shown in the doto collection
form (Fig. 7.1.). HOM/HET refers to homogeneity or heterogeneity
of the feeding site. This verioble wos included to ollow for the
presence of "grozing moscics” (o potchwork oppecrance of short and
long gross areas, which is prevolent in many parts of UGR); it was
subsequently discarded in the analysis os Walker (pers, comm.)
considered obsolute cotegorisction ot this level ecologicaolly
unwarrented, on occcount of the continuvum noture of hobitots. The
varioble "% browse-not-forbs below In" wos omitted eorly in the
study to coincide with the exclusion of impolo from the species
under considerotion. In proctice, it wos seldom possible to
ossign a volue to "Distonce to neorest woter," owing to the con-
stontly fluctuoting stotus of pons os weter sources. "Distance
to nearest burn" wos found to be onother vorioble which lost sig-
nificonce in the field, as burns could be uvp to 30km away, ond
could not possibly reflect on choice of feeding site. Both these

varicbles were omitted for the onolysis.

The mojority of varicbles are self-explanatory, but some require defini-
tion: "forb" refers to o non-woody dicotyledonous plant (Hofmann end
Stewort, 1972); "shrub" wos defined as woody wvegetotion less than

2m in height; "litter" was defined os unottached plent material;
"moribund materiol" referred to oll deod herbaceous moteriol not

lying on the soil surfaoce; ond "bare potch"™ included ony noturol or

induced patch >2m in rodivs, "Degree of range degredotion" was



Fig. 7.1. : Originel dota collection form for the multiveriote
onalysis, See text for omendments to the variobles

shown here,



ADULTS

TOTAL

MEAN HEIGHT TREE CANOPY

£ CANDPY COVER TREES

£ AERIAL COVER SHRUBS

MEAN HEIGHT SHRUE LAYER

AVERAGE MAXIMUM HEIGHT MERE LAYER
MEAN HEIGHT HERB LAYER

% AERIAL COVER MERB LAYER

% FORBS IN HERB LAYER

% MORIBUND MATERTAL IN HERS LAYER
X BROWSE-NOT-FORES BELOW J=

% SITE WITH BARE PATCHES

DEGREE OF ROCKINESS (0 - 5)
DISTANCE TO NEAREST I-I!I}

DISTANCE TO MEAREST BURM

DEGREE OF RANGE DEGRADATION (0 - 5)
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finolly defined in terms of scores: 1 = no erosion; 2 = soil move-
ment apparent; ond 3 = eroded. Similarly, "Degree of rockiness"
was scored os fellows: 1 = no rocks present; 2 = rocks present,
but unlikely to affect herb loyer variables; ond 3 = rocks present
to the extent that herb loyer variobles are affected., The final
voriobles considered in computerisation are shown in Teble 7.1.,

where each variaoble has been assigned a code number for the onalysis.

The main donger behind selection of feeding sites ot which to record
the above variobles laoy in oversempling (Walker, pers. comm.). To
obviate this, transects were initially based on the UGR vegetotion
mop in order to include oll (or os mony os possible) of the major
hobitot types. Wildebeest distribution wos found early in the
study to be discontinuous, with the resvlt thot mony kilometres were
often walked along o predetermined tronsect without obtoining o
single set of doto for thot species. This problem wos subsequently
overcome by mopping wildebeest distribution from o fixed-wing @ir-
craft approximotely every month; tronsects were then made through
oreas with highest concentrotions, but in conjunction with the UGR
vegetotion mop so os to minimise somple bios. Dota were collecled
only ot feeding sites; for o herd, this wos estimoted os the herd
"ecentre”, ond for single animols o stondard site size of 5m radius
wos used (Ferror ond Wolker, 1974). In this monner, the data
collected consisted of four herbivore species (groups), each made

vp of varying numbers of sites (sets of observations ot feeding
locolities), with eoch site charocterised (in the final analysis)

by twelve variobles or site ottributes. For oll species, 124

sites were recorded.

Discriminont function enolysis moy be used to provide on ordering
of the voriobles occording to their importance (Shugart and Patten,
1972). This multivoriote technique reduces the number of criterie

vsed for discriminotion, providing "discriminant functions" or
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Finol variobles considered in the multivariote
analysis, together with computer céde numbers.
Variables 1, 2, 3, 7, 8, ? ond 10 were visuvally
estimoted in the field; 4, 5 and & were deter-

mined by meosurement,

VARIABLE
Mean height tree conopy
% conopy cover trees
% oeriocl cover shrubs
Mean height shrub layer
Averoge moximum height herb layer
Mean height herb loyer
% oceriol cover herb layer
% forbs in herb layer
% moribund moterial in herb layer
% site with bore paotches
Degree of rockiness {l - 3}

Degree of range degradetion {1 - 3)
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“ecanonical voriotes." The value of correletion between a given
vorioble and the discriminant function indicotes how well thet
vorioble separates the species. Green (1971) hos outlined the
statisticol assumptions for the volid use of multiple discriminont

onalysis.

The discriminont function progrom wsed in this study wos identical
to thot used by Ferrar ond Waolker (1974), which wos cdaopted by

C.T. McCabe (Dept. of Zeology, Univ. of Rhodesioc) from the procedure
given in Hope (1968). Computation was carried out on an IBM 370
computer ot the University of the Witwotersrond. In the onolysis,
univariote F-rotios were computed for all ottributes (veriables)
seporotely, identifying those for which the rotio of between-species
to within-species vorionce wos sufficiently lorge to encble discrim-
ination between the four herbivore species. The discriminaont
functions were extracted from the totol set of species motrices,
thus expressing the difference between species in terms of o few
common grodients of voriotion. The megn of the discriminont scores
for all sites is termed the species centroid, ond moy be equated

L}

with the niche centre.

The centroids were plotted by computer (IBM 1130, University of
Natal), using a program written by D. Chaolton (Dept. of Biometry,
Univ. of Notal). This plot provided for the inclusion of 90%
confidence limits, bosed on the technique of Delany and Healy (1954),
who used a similor opprooch to investigate the within-species

morphological voriotion in o rodent.

?'2" 4"
GRAZING SUCCESSION

Three study orcos were chosen in UGR in which wildebeest populations
were consistently recorded, either throughout the year or for o

mojor portion of the year., These areas were opproximately 4ha in
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orea, ond the following considerctions were token into account in
their choice:

a) homogeneity of the herb layer.

b) woccessibility of the area. In order to moximise the number
of observations of different herbivores on the study orecs, they
were chosen within visibility ronge of o moin tourist roed.

¢) proximity to permonent woter. Areas were chosen which were
sufficiently close to permonent woter so os to ensure thot obsence
of water wos not o foctor inducing movement owoy from the study
areas. The areas were nevertheless sufficiently for from woter
points to negate the effects on the herb loyer of onimol congrego-

tion around a watering point.

Within each study orea, four Im?2 plots were pegged out. This is

the vsuol sompling orea size for pasture production determinations
(Brown, 1954),

For vorious reosons, it wos not possible to construect on exclosure
plot. A convenient site waos however found on the slopes of Dengezi
hill - o pen hod been constructed for the re-introduction of cheetaoh;
these hod been relecsed some yeors previously, but the fencing was
still sufficiently intoct to exclude lorge herbivores. This pen

was conveniently sited in Acocio nigrescens habitot, and the area

hod yeor-round wildebeest populations.

Study Area Ll vos situvoted opproximotely 0,25km SW of the Block Umfolosi
river, where the lotter forms o bend ocround the Nongishi “peninsula"
(Fig. 7.16). The area loy odjocent to the tourist roods, on the

lower slopes of the Mbulunge hills, in the region of the Mbhuzona
streom. A description of Study Arecs 2 ond 3 is not included, os

the results from those oreocs ore not presented: in Area 2, wildebeest
moved out of the ares, ond were not recorded ogoin during the study
period; Area 3, elthough its choice os o fovoured arec wos justified,

did not receive sufficient ottention from other herbivores to enoble
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meaningful interpretotion of the results.

Study Area 1 was in Acocic nigrescens open woodlond. Plot (a) was

sited awoy from any tree cenopy, and corresponded to Downing's

(1972) Panicum coloratum gross community. It wos dominated by

P. colorotum, P. moximum ond Digitorio orgyrogropta. Plot {b}

was chosen beneath the tree conopy, ond wos mointoined in o moderotely
short condition, in comparison to Plot (g) which contained a tall
stond, but also beneath the tree canopy. Both (b) and (c) belonged

to Downing's (ibid.) Themeda-Ponicum graoss community, and the main

dominants were Themeda triendro, P. moximum, ond P. deustum.

Plot (d) was similar to (&), but the former comprised @ medium stand

of grasses, os opposed to the well-grazed appearance of Plot (a).

Measurements of the herb loyer were token in each plot approximotely
at monthly intervols, ond these measurements were identical to those
vsed for herb loyer voriobles in the multivariote onolysis. A
subjective record of utilisotion wos mode occording to the following
scale: 1 = no grozing noticeable; 2 = sporadic grozing; 3 = moderate
grozing; 4 = heavy grozing; 5 = overgrozed. [Doto of this nature
were also collected from the "enclosed" plot, ond compared with those

from a heavily utilised plot in the immedicte vicinity,

Except in the cose of the exclosure ond its odjocent comparison plot,
records were taken as often as possible of the numbers and species
of herbivores vtilising the Study Areecs. The excleosure pleot wos
situoted too far frem o reod to ollow comporison with the relotively

high number of observations mode on the other Study Areas.

F.2.5,
MOVEMENT AND DISTRIBUTION

Twelve flights were made in the Natal Parks Boord's fixed-wing air-

croft, from which distribution of herds ond single onimols wos plotted
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ento a 1 : 50,000 mop of the Complex. It waos found impossible to
cover occurately the entire orea in one doy; consequently, the wet
season distribution mop wos constructed from consecutive flights
during thot seoson. In oddition mops were ovailable frem previous
censuses performed by the Notol Porks Board: censuses are normally
performed during the dry season, with the result that such deta could
be used to provide on accurate picture of dry seoson distribution

both during the study period and in previous years.

One requirement of the Notol Porks Boord for this study was that
movement patterns be investigated. The Boord rejected the use of
collers to mork onimols during the study period, ond tricls were mode
on the cryobranding of wildebeest. Some twelve onimcls were bronded,
but the methods will not be discussed here, os results were so

unsatisfoctory thot the technigque wos obeondoned.

?‘I 3'
RESULTS AND DISCUSSION

?1-3-14-
HABITAT SELECTION

The distribution of wildebeest populotions in HGR and the N, Corridoer
coincides with the following hobitats (reference should be mode to
Fig. 7.16): the north-eostern populotions utilise valley floors, whers
o Ponicum moximum - Cyperus textilis grosslond community is found.
Uplond areas, particulorly hillslopes, ore selected for the Themedo
triondro grosslond found in such areas. Other habitots in NE HGR

in which wildebeest occur include A. korroo ond A. caffro thicket
communities, ond A. nilotica woodlond.

Distribution olong the 5E boundary (on the slopes of Mthole and in
the Nomogeje vaolley) coincides with thicket communities comprising

Euelea divinorum ond A. karroo os dominonts., Proceeding SW, the
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populations centred around Hlokohloko ore found porticulerly in

A. nilotica woodlond, but moy also occur in Spirostachys africone

woodlond, and in Dichrostochys cinereoc - A. korroo thicket

communities.

The NW boundory of HGR is uvtilised only towords the south: virtually
no wildebeest are found in the northern forested hills of HGR.
Populotions of wildebeest moy consistently be found on the slopes

of hills forming the southern NW boundory: Mpeonzokozi, Tshempofu,

gnd Zangomfe, The Mponzokezi orea is dominoted by o Themedo triendrao

grasslond community; Tshempofu is essentiolly Dichrostochys cinereo-
A. karroo thicket habit; ond Zongomfe shows aon A. burkei-dominated

woodlond community.

Distribution of wildebeest in the western corner of HOR occurs

predominontly in A. nilotico woodlond, or in A, karroo woodland,

In the northern Corridor, where the Zighumeni oreo wos consistently

found to horbour wildebeest populations, A. nilotico woodland

was agoin the dominont community. This community moy be interspersed

with patches of thicket composed of Eucleo divinorum, Dichrestochys
cinereo, ond A. korroo os dominont plont forms. Ronge may be extended
onto the slopes of Seme hill, porticularly dering the wet season, in

order to vtilise the Themeda triandro grosslond.

In UGR end the southern Corrider, the results ore more detoiled.

Fig. 7.2. shows histogroms representing the percentage frequency of
sightings for the nine hobitot types considered. The histogroms have
been unodjusted for the difference in oreos between habitat types,

ond include oll social groups (single moles, bachelor herds, and
breeding herds). Table 7.2. contains the relotive oregs of the
different habitots (note thot the Spirostachys ofricona ond

A. grondicornuto communities hove been combined, as explained under

7.2.1.). The rotio of these oreas provided a means of weighting or

odjusting the number of sightings on an equal areo basis, shown in
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TABLE 7.2. : Relotive oreos of eight communities in UGR.
COMMUNITY aREA TN UR (o) | CRRETECCH
A. nigrescens 11098, 5 1
A. tortilis 6474,0 1,7143
A. nilotica 6909, 5 1,606
A. grondicornuta + Spirostachys
africano 9767,0 1,136
A. coffrof/Themeda grosslond 1816,0 6,111
A. burkei 2549,0 4,354
Combretus opiculotum 8116,5 1,367
A. robusto/Phoenix reclinota 3268,5 3,396
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Fig. 7.3.. Comparison between Figs. 7.2, end 7.3. indicotes that
hobitot selection is not greatly influenced by areo of the hobitats,
except in the case of A. nuffrnghamadn triendra grosslond. Acacio

nigrescens is clearly the community of choice.

The selection of the grasslond community is not surprising, for the
onimals probobly evolved in @ ploins environment. But the ovoiloble
grosslond in UGR comprises the smallest community in terms of areo
(Toble 7.2.), ond it appears thet, in UGR, wildebeest hove odopted
themselves to o woodlond environment. Leopold (196%9) mointains

that the odoptobility of many species depends not only on their genetic
plosticity, but olso on their copocity te leorn ond consequently
adjust their behoviour to an altered environment, Hirst (1975) found
that in the Timbovoti reserve in the Tronsveal, wildebeest were most
often ossocioted with "open short-grass sevenno.” Other habitets
frequently utilised included the reloted "wooded short- and toll-
grass savanna” ond “"sparsely wooded/gross forblaond.” A further
hubitot selected for in his study was "mixed thorn ond evergreen

woodlond”, which include Acocio nigrescens os o dominant. These

findings ore similor to the situotion in UGR.

Hirst (ibid.) olso considers that the selection of preferred hobitots
moy essentiolly be o behoviourol process of "keying in" to structurocl
habitet features, but suggests thot the ultimote reocson for this is
the minimisotion of interspecific competition. The choice of
A.nigrescens woodlond moy well be reloted to structurol features,

but pedolegicel factors mey be equally importont. The Kiocora soil

form which develops in sitv over dolerite is the commonest soil in
the A. nigrescens hobitot (Downing, 1972). Grosses sompled from
the corbonote rich, illuviated soils of the Bottomland Associotion
were found by Downing {ihii.} to reflect o higher nutrient stotus

thon those sompled from the Upland Assecciotion. The presence of o

montmorillonite cloy froction in dolerite-derived soils (Porter,



Fig. 7.3.

Fig. 7.2.

Relative percentoge freguency of =ightings in
eight mojor hobitots for oll wildebeest social
groups during the study peried, with adjustment
mode for hobitot oreas. Hobitot types ore those
described in the text, ond in the coption to

Fig. 7.2..

Relotive percentoge frequency of sightings for all
wildebeest sociol groups in nine mejor communi-

ties throughout the study period.

(jﬁcuciﬂ nigrescens open woodlend; Acocia tortilis

open woodlond; Acocia nilotico closed woodland;

Spirostochys africona closed woodlond; Acocio

grondicornuta closed woodland; Acocio coffra

open woodland; Acocia burkei open woodlond;

Combratum apiculotum open woodland; ond Acocla

robusto/Phoenix reclinote riverine :nmmunity.)
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pers. comm.) lends water-binding properties to these soils, and may
be instrumental in the ropid recovery of gross communities after
rain. Regrowth of short-gross communities represents ideol grozing
conditions for wildebeest. Smuts (1972) was able to relote zebra
distribution in the Kruger Motionol Park to edophic factors, and

specificelly to the presence of dolerite-derived soils.

When the three sociol groups were considered separotely in their
vtilisation of the nine major communities, significant differences
fﬂ? tests) were found between groups (Fig. 7.4.). Single moles
differed both from bochelor herds in their selection (p < 0,001},
and from breeding herds (p < 0,001). The differences between
bachelor herds ond breeding herds wos less morked, but still
significont Ep ﬁ:D,ﬂEJ. The implicotion is that resource distri-
bution between social groups is in operotion. Such rescurce
distribution has been quantified for impolo by Jarmon ond Jorman
{1973).  Anderson {l??fj has discussed the dispersion of non-breeding
impolo moles inte less favourable habitet in HGR, and Estes (1969)
maintains thet in wildebeest the separotion of bochelor herds from

breeding herds gives the females and their colves ¢ nutritional advantagae.

The high selectivity for A, nigrescens warranted further onolysis on

o seosonol basis, Fig. 7.5. depicts the relotive percentoge

frequency of sightings in A. nigrescens on o seasonal basis for single

moles, bachelor herds, and breeding herds respectively. All three
groups differed significantly fI? tests) from each other (p <0,01).

Fig. /.5. suggests thot utilisotion of A. nigrescens by single,

territoriol moles is greater in the dry season thon in the wet season;
the peaks in April and August coincide roughly with the first and
"second" ruts, but this may be purely cireumstontiel. The seasonal
vtilisation appeors to be inverse to thot of bochelor herds, and
suggests thot temporol seporotion of these two sociol groups may

occur with respect to their utilisotion of the preferred hobitat.



. 7.4. : Relotive percentoge frequency of sightings for
three wildebeest social groups in nine major

hobitot communities throughout the study period.
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The breeding herd histogroms show little apparent change, and differ-

ences may be due to sampling error.

The opparent selection by territorial moles for preferred hobitot
roises the guestion whether the presence of "stomping grounds"
(indicative of o territoricl mole) could be used os on index of
hobitot selectivity. During the rut, stomping grounds ore particu-
lorly well morked, usvally with o mosaic of interconnecting paths.
They ore often ossocioted with white rhinoceros middens, usuvally on
the periphery, but occosionally even within the midden itself.

The surrounding oreos of o stomping ground ore heavily overgrazed.
Stomping grounds ore often sited on hill-sides overlooking valleys,
or on the crests of ridges. This is presumobly connected with
visibility, ond behovioural chorocteristics reloting to the defence

of o territory, such os "stotic optic odvertising.”

Some ospects of seosonal utilisation of hobitots did not emerge from
this onolysis, but ore supported by field observotions. It wos
noticeoble, for exomple, thot Cynodon dactylon "lowns" (essentiolly
floodploin grassland growing on sandy river bonks) were grozed por-
ticularly towords the end of the dry season, when other short grass
communities ore heovily overgrozed. At this time, ond in certain
oreas, it is possible thot invertebrote herbivores ore providing
substontiol competition to wildebeest. A potentiol competitor is

the horvester termite, Hodotermes mossombicus.

The results presented in this section must of necessity be regorded
as rather crude indices of habitot preference, for it is improbable
that the success of sighting enimals in different hobitots con be
completely equalised. Further, the use of a X2 onalysis is more

- svited to distinct presence or obsence doto thon to on essentiolly

dynomic process which is hobitot selection.



Relotive percentoge freguency of sightings for
the three wildebeest sociol groups in the

A, nigrescens woodlond community, on o seasonol

basis,
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?ialzl
RUMEN CONTENT ANALYSIS

The stomach morphology of on ungulote ollows clossificotion into three

major divisions (Hofmonn and Stewart, 1972; Hofmann, 1973):

1.) Bulk and Roughoge Egters.
2.) Selectors of juicy concentrated herbage.

3.) Intermediate feeders.

Both wildebeest ond buffalo belong to the first cotegory, which basic-
ally includes species with copacious rumens permitting the maximum
deloy of coarse, fibrous foed. A finer structural differentiation
(Hofmann, 1973) of stomoch morpholegy allows subdivision of "Bulk

and Roughoge Eoters" inte:

a) Fresh grass grozers dependent upon water.
b) Roughoge grozers.

c¢) Dry region grazers.

Again, buffolo and wildebeest remoin unseparated, being placed under

"fresh gross grarzers dependent uvpon water.™

The results of the rumen content onalyses showed that both species
were olmost entirely grominivorous . The wildebeest somples contoined
other plaont moteriol in 4% of the totol exomined. This non-gromin-
aceous moterial consisted of negligible amounts of bark or dieotyledon
leoves, These results ore consistent with those reported by various

workers, including Talbot and Talbet (1962), Gwynne and Bell (1968),
and Hofmann ond Stewart (1972).

An indicotion of the seasonal differences in rumen graoss components

is shown for both wildebeest ond buffole in Figs. 7.6.ond 7.7 respec-
tively, For wildebeest, only four months in the dry season (June,
July, August, September) and four in the wet season (Januvary, February,
November, December) haove been considered, This was done to prevent

overlop of months with "intermediate” roinfoll. However, the mean



Fig. 7.6.

Frequency of the three principal gross components
in the diet of wildebeest. Individual points
hove been plotted only for the four driest months
(June, July, August, September) ond for the four
wettest months (November, December, Jonuary,

February) to minimise overlap.

Frequency of the three principol gross components
in the diet of buffolo. All months considered.
Dry season token os April to September inclusive;

witt as October to March.
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frequencies of gross components for wet season and dry season were
calculated using all months as well (dry: April - Septomber; wet:
October - March)., The buffalo groph (Fig. 7.7.) includes all
somples, ond possibly exploins why the degree of seosonol overlop

it more marked then for wildebeest.

Comporison of the mean seosonol volues for the two species is remork-
ably similar. In both species the percentoge sheoth is relotively
constant. In the wet season, the percentage leaf increases by 23%
for both species; ond the percentoge stem falls by 23% for wildebeest,
and by 20% for buffolo. The similerity in dietary components is
cleer from Fig. 7.8.. It is importont to remember that the similor-
ity lies in gross components only, ond not necessorily in species.

Nevertheless, the similority roises some interesting problems.

In the first ploce, the results do not support the findings of Gwynne
and Bell (1968), thot different species in o grozing succession could
be separoled on differences in gross dietory components, Either a
grozing succession involving wildebeest and buffale is not apporent
(which is unlikely), or thare is octive selection for the some com-
penents, but ot different levels in the herb loyer. This raises

the guestion of selectivity. An immediote explonation for the simi-
lority in the dietory components is thot neither species is selecting
at all: the change in components in the diet is merely o reflection of
the seasonol chonges that occur in grosses, The literoture is unon-
imous as to the stotus of the wildebeest os o selective grozer,
(Tolbot and Talbot, 1963; Gwynne and Bell, 1968; Owaga, 1975; Sincleir,
1975; and McNoughton, 1976) and the hypothesis regording non-selection
can be justifiobly rejected. Further, the obility of buffalo to
select for both components ond species hos been demonstrated by
Sinclair ond Gwynne (1972).

It is pertinent to compare the feeding metheds of buffole ond wilde-
beest. Buffalo vse their tongue ond incisors (but not the lips),
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which is favouroble for plucking whole bundles of gross (Hofmonn,
1973). The wildebeest hos o charocteristic Alcelophine feature:
high withers ond o caudolly sloping back. This posturcl feoture

has been interpreted by Hofmann (ibid.) as o grozing odeptation
“ploinsgame" onimals. Bell (1969) mointaoins thet the width of the
gnterior end of the snout determines the rote ot which a herbivore
can extricote leof from gross of differing length. An onimol like
the wildebeest, with a wide snout, is most successful in short

leofy mats, but its ability to select leof falls off rapidly in
longer gross types becouse the leoves ore lower in the herb loyer,
and their ongle of insertion on the stem is more occute. It is
extremely unlikely thot with different feeding odoptotions, wildebeest
ond buffolo ore consuming virtually the some components ot the same
level; the only explonotion is thot the some components ore obtoined
by different mechanisms ot different levels in the herb loyer. That
the two species differ in their odeptotions to the height of the herb
loyer is well estoblished (Bell 1969, 1970, 1971), ond is readily
confirmed by the most perfunctory of field observetions. The simi-
lority in selection of components is nevertheless surprising, but
lends much support to Hofmonn's (1973) clessificaotion of the two

species into one category on the bosis of stomach morphology.

Sincloir and Gwynne (1972) olso found dietory overlop between wilde-
beest ond buffolo, in the Serengeti. They pointed out thot, if the
function of food selection is to maximise nutrient intoke, then over-

lop between grozing species would be a reasonable expectotion.

The seosonol meon frequencies of dietory components for wildebeest

ore compored with results from Serengeti (Gwynne and Bell, 1968) in
Table 7.3.. Without comparative dota as to the availability of
dietory components in the two oreos, comment is limited; however,
the foct thot wildebeest in UGR are selecting more leaf in the dry

seoson compared to the Serengeti, ond more stem in the wet seoson,
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TABLE 7.3. : Comporison of meon seosonol frequency of dietory

components of wildebeest from UGR ond East Africa.
Serengeti dota from Gwynne and Bell (1948),

DRY  SEASON WET  SEASON
SERENGETI | UGR | SERENGETT | UGR
% leaf 17,2 37,0 61,3 55,2
% sheath 52,7 14,2 28,9 14,3
% stem 30, 1 48,8 8,0 30,5
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suggests thot UGR wildebeest moy be utilising toller gross stonds
than in the Serengeti, If this is so, it moy be reloted to the
woodland nature of UGR, os opposed to on cpen grasslond situation

in the Serengeti.

The seasonal changes in frequencies of gross components in the diet
aore shown for wildebeest and buffalo in Figs. 7.9 ond 7.10. respec-
tively. Both species show an expected fall in the leof component
(with a concomitant rise in stem) as the dry season progresses.
Similor results (including the relotively constant contribution of
the sheoth component) for buffale have been reported by Sincloir

and Gwynne (1972), These workers showed that the amount of leaf in
the diet was determined by the roinfell. Hoppe, Qvortrup and
Woodford (1977) demonstroted a similar relotionship for wildebeest.
In my study, correlations were performed between percentage leaf
and raoinfall fer that month, and for the month preceding the percen-
toge leaf value, For wildebeest, the same month gove a velue of
r=0,33 (p <0,05), compared to r = 0,51 (p < 0,001) for the pre-
ceding month. The values for buffalo (in the some order) were
r=0,40 (p <0,01) ond r = 0,37 (p < 0,01). These results indi-
cate that for wildebeest the rainfell of the preceding month wos more
importent in determining the leaf percentage in the diet than was the

rainfall of the month in which the rumen contents were collected.

Bell (1969) has exploined why the wildebeest is confined to a short
herb loyer in terms of the onimal's nutritionol requirements ond
its feeding mechonism. As o short gross "specialist," the effect
of wildebeest grezing on posture degrodotion is more criticol thon
thot of most other grozers. Conversely, the nutritional stotus of
this preferred short herb loyer must impose limitotions on the
onimal itself when environmentel foctors ore ill-disposed. This
is best understoed in terms of the relotive nutritionol composition

of the gross compenents., The leoves hove the highest rotio of



Fig. 7.8. : Diogrommatic representotion of secsonol dietary
compenents of wildebeest ond buffolo.

Fig. 7.9. : Seosonal chonges in meon volues (circles,
triongles, diamonds) of gross dietory components
for wildebeest, Verticol lines indicote 2 X S.E.;
these have been omitted for leof component in
Moy ond for sheoth in Jonuory for the soke of
clority. Brocketed meons indicote very smaoll

somple size.
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protein ond soluble corbohydrotes to cellulose; this rotio is lowest
in the stem, ond intermediaote in the sheath (Gwynne ond Bell, 1968).
The changes in the major grass components together with crude protein
levels have been illustroted by Barnes (1969). In Fig. 7.11l. it can
be seen that the proportion of stem to leaf increases as the plant
motures, Both digestibility (measured by the stem component) and
crude protein decreoses os the shoot develops due to the increase in
stem. If grozing is mointeoined such that growth is prevented beyond
the leafy stage (which would ececur under optimaol wildebeest grazing
conditions), the quality of the intake is high, but the yield will

be low, But if the defoliation is too close and teoo fregquent,
nutrient reserves in the roots are droined in the production of new
leaves, with resultont detrimentol effects on the pasture, Such o
situotion orises in UGR with out-of-season rainfaell., In July 1973,
roinfell of this noture produced o rejuvenotion of the growth cycle

in short grass swards in UGR. These areos were immediately defoli-
oted by wildebeest (omong other grozers), which may well have resulted
in vtilisation of root reserves severol months before the dry season
ended, Prott (1967) maintains thot grass subjected to heovy grozing
ot sensitive periods in the growth cycle moy be offected to the extent
thot yields are drastically eltered years loter. An odded foctor in
overgrozing is thot, along with a reduction of more desirable nutrients
in the foroge, the digestibility of these nutrients decreases owing

to the forced utilization of coorser plont materiols (Cook, Taylor
and Horris, 1962).

There 1is evidence thot the combined effect of seasonol lows in protein
in the leaf together with seasonol lows in leaf proportions moy well
be o criticel facter in the survival of some ruminonts during adverse
dry seasons (Field, 1968). Sinclair (1975) found in the Serengeti
ecosystem thot, despite the foct thaot wildebeest selected as food

the more nutritious components of the graoss, the quality still fell



Fig. 7.10,

Fig., 7.11l.

Sessonal chonges in mean volues (circles,
triongles, diomonds) of grass dietary components
for buffole. Verticol lines indicate 2 X 5.E.;
these hove been omitted for sheaoth means owing

to relotive constoncy of the lotter. The
September culm 2 X 5.E, line hos been omitted
owing to overlop with leaf 5,E.. Brocketed means

indicate very smoll somple size.

The changes in proportions of grass components and
in percentoge of erude protein during the growth

cycle. (After Bornes, 1969),
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to the lowest level necessary for mointenonce (this level he

determined as 5 - 6% crude protein).

The interpretation of rumen content aonalyses is subject to pit-
folls, porticularly with regord to the fact thet the contents of

the rumen provide on inexoct picture of the food ingested (Norris,
1943; Sincleir and Gwynne, 1972; and Owoga, 1975)., Different com-
ponents moy have different residence times in the rumen, becouse
foroges more resistant to enzymatic octivities of rumen micro-organ-
isms will remain in the rumen the longest. Hence the foroges thot
may be leost importont nutritionolly moy be most abundant in the

7.3.3.
ECOLOGICAL SEPARATION

The univariote F-rotios produced by the multivoriote onolysis ore
shown in Toble 7.4.. These volues select those hobitot veriobles
which ore copoble individually of discriminoting between herbivore
species., Cleorly, veriable no. 6 (meen height of the herb layer)
has the most discriminotory power in both seasons. Vorioble 5
(everoge moxisum height of the herb layer) is highly significent in
the dry secson, ond varioble 2 (¥ conopy cover trees) is significont
at p <0,05, but aolso only in the dry season. This lotter voriacble
shows the leost discriminotion in the wet seoson, possibly becouse
during the roins differences between the heights of "beneoth-conopy"
grosses ond those unossocioted with trees are for less pronounced
thon they are in the dry seoson. A similor, though less morked,
relationship between seosons is shown for variebles 3 (¥ cerial
cover shrubs) ond 4 (mean height shrub layer), possibly for the same

regsons.

The analysis further produced three discriminont functions (DF's).
The first two occcounted for 81,66 and 15,59% respectively of the
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TABLE 7.4. : The vnivoriote F retios with percentoge levels of
probability for each of the twelve voriobles.

* gignificont ot p< 0,05

*% significaont ot p< 0,001

DRY SEASON WET SEASON
vartaLe | NIVARTATE | prosagILITY % ””Ev:i$§EF PROBABILITY %
1 0,35 79,16 1,45 23,17
2 3,37 3,31 * 0,14 93,55
3 2 37 9,24 0,28 84,28
4 2,88 5, 42 0,02 99, 44
5 9,28 0,03 ** 2,36 7,56
6 37,83 0,00 ** 9,97 0,00 **
7 2,47 8,32 1,57 20,02
8 1,02 19,94 1,43 23,75
9 2 55 7,70 1,80 15,10
10 2,30 9,98 1,41 24,37
11 0,30 83,03 0,77 51,52
12 2,51 7,97 0,73 53,92
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overall varionce between species for the dry seeson, and for 67,46
and 29,03% respectively for the wet season. The third DF was not
considered on occcount of its comparatively negligible removel.

For the dry season, DF 2 wos not significant (p > 0,1), but has

been included es an indication. The extent of associotion between
each environmental varioble ond the first twe DF's is shown in

Table 7.5.. The degree of correleotion of the voricbles with each

DF allows that DF to be described in terms of hobitet physiognomy.

DF 1 suggests a trend from short gross (possibly with bare patches)
into tall grass. DF 2 may represent o grodotion from open grosslend

with shrubs into closed woodland.

The distribution of the four species centroids is shown for the dry
season in Fig. 7.12.ond for the wet season in Fig. 7.13.. The relo-
tive position of the centroids represents the extent ond noture of
the species separation. In the dry seoson, buffolo ore seporoted
by DF 1, and competition is minimised os they oppear to move inte
tall grass areas. DF 1 does not account for seporotion of the
other three species, and it is presumed thot they are selecting a
herb loyer which is very similor in height. The minimol seporotion
that does occur is along the DF 2 oxis, with wildebeest showing a

tendency for woodlond selection, which ogrees with the results of

?1-3‘-1'!

Ecological separation is minimal (Fig. 7.13) in the wet season, but
food obundonce presumably obviaotes competition. As enticipated,

the results show thot, except in the cose of buffolo, the four herbi-
vores considered possess similar niche dimensions with considerable

overlap.

Pielou ond Pielou (1967) recognised three types of coexistence:
close, seporate, ond nevirel. Close coexistence best fits the
mixed herbivore situotion where herbivore species ore attrocted

through similor food ond environmental requirements. Portiol



TABLE 7.5. : Stondordised weights for 12 veriebles from o discriminant function anclysis of
four species. Those weights with osterisks ore those which appear to be
strongly correloted with each DF. "Communalities" indicote the totol propor-
tion of the vorionce in each vorieble which has been occounted for by the

three DF's together.

DRY SEASON WET SEASON
VARTABLE

DF 1 DF 2 COMMUNALITIES | DF 1 DF 2 COMMUNALITIES
1 0,022 0,197 0,358 0,118 0,532% 0,091
2 0,152 0,586* 0,079 - 0,093 | - 0,078 0,505
3 - 0,277 0, 470% 0,162 0,092 0,173 0,300
4 - 0,308 0, 499* 0,020 0,033 0,033 0, 345
5 - 0,750%| - 0,093 0,402 - 0,407%| - 0,414% 0,573
6 - 0,943* 0,083 0,914 - 0,935%| - 0,113 0, 200
7 - 0,465* 0,013 0,185 - 0,419% 0,011 0,318
A 0,278 | - 0,085 0,518 0,351 | - 0,148 0,208
9 0,295 0, 461* 0,431 - 0,083 0, 508% 0,337
10 0,196 0,154 0,231 0,295 | - 0,373 0,700
11 0,035 0,093 | - 0,100 0,282 0,132 0,115
12 0, 437% 0,238 0,136 0,244 | - 0,208 0,305

“L0g




Fig. 7.12,

Disposition of four herbivores with respect to
the first two discriminont functions during the
dry sesson. Circles indicote 0% confidence
limits. The bors extend for 1 X 5E on either

side of the species centroids.

Disposition of four herbivores with respect to
the first two discriminont functions during the
wet seoson. Circles indicate 90% confidence

limits. The bors extend for 1 X SE on either

side of the centroids.
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overlop between species is on exceedingly common phenomenon, ond
close coexistence may only develop into competition if the resources
decline below a critical level. However, I om in ogreement with
Field (1972) who considers thot the precccupotion with seporation
of species moy hove allowed the possibility of competition to be
neglected. The multivoriote onolysis suggests extreme similority
in the choice of structurol ospects of the herb loyer for three of
the species considered, ond the rumen content onolyses suggested
marked overlop in dietary components for two of the species. This
does not necessorily imply competition per se, os two important
considerotions hove not been token into occcount. Firstly, the
results in this section give no indicotion of spotiol separation;
and secondly, niche seporotion bosed on the selection of different
gross species will not be apporent from the multivoriote anolysis.
Spotiol seporotion has been shown to obviote competition when food
overlap oceurs: Child and Ven Richter (1969) studied three congen-

eric species with overlopping renges (Lechwe Kobus leche, puku

K. vordoni, and waterbuck), and found that differential hobitat
preferences resuwlted in portiol spatiol separation. Indeed, Hirst
(1975) considered thot spatial separotion of ungulates in the

Timbavati reserve was the moin methed of aveiding competition.

Some indicotion of spotiol seporotion moy be obtoined by consider-
ing the associotions between wildebeest ond other herbivores. An
analysis of the frequencies with which other herbivores were grazing
in the immediote vicinity of wildebeest is shown in Toble 7.6.. The
numbers of observations were adjusted to occount for differences in
the numbers of the associoted species. Meon volues from the 1973
and 1974 helicopter censuses of the Complex were determined to
supply ratios to odjust species on on egual number basis. Only the
census doto for buffale, white rhino, zebro, ond wildebeest con be

considered relioble. The odjustments for the other species considered



TABLE 7.6. : Freﬁﬁency of ossociotion of wildebeest with other

herbivores, Figures in brockets for single males
indicate those observations in which moles were

moving with the other species os ¢ soclol unit,
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con be used os indicotors only. Further errors result from the
foct thet these dota ore essentiolly oncillory to the moin aspects

of the study, ond considercble sompling bies may be present.

The results indicote theot wildebeest very seldom groze in the some
area as white rhino and buffole in comparison to zebra, end one

moy infer that white rhine and wildebeest are seporoted spetially,
despite the proximity of their centroids, MWildebeest are most
commonly associoted with zebra (12,3% of observotions for vnodjusted
numbers), followed by woterbuck. (The woterbuck figures moy be
biosed, as many of the observations moking up the Toble were mode in
the Thobethi area, where woterbuck numbers ore high.) The ossocio-
tion of wildebeest and zebra is o well-estaoblished phencmenon.

Braock (1973) suggests thot the explonotion is reloted more to sociol
thon to habitot requirements, while Keast (1965) considers odded
sensory receptors for predetion in oddition to the benefits thot may
result from o grozing succession. Whaotever motivetes the ossocio-
tion, the question of possible zeparotion still remains, even though
there exists the teleological donger thot separotion must follow if
competition occurs. Lomprey (1963) showed by anolysis of the gross
species eoten by the two species thot there wos little differentiol
preference, and explgined separation on the besis of food obundance
during the wet seoson, ond spotiol seporation during the dry.

Hirst (1975) wos able to separate the species only on the basis of
differentiol soil preference. The selection of different gross com-
ponents (with zebra toking more sheoth ond stem) hos been demonstroted
by Bell (1969) and Owoge (1975). But the results of the multivariote
anolysis from UGR imply thot there is little difference in terms of
selection for gross height, and it is gross height which will lorgely
determine the proportion of stem in the diet. Only o comparotive
rumen onolysis of zebra will resolve the finer ospects of seporotion

which ore not occounted for by spatial foctors.
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Wolker (1974a) hos summorised some of the pitfalls in multiveriote
research, ond shows how invalid results from ecologicol doto moy
arise. Ferror ond Wolker (1974) point out thot it is incorrect to
ploce rigorous stotisticel interpretotions on the results, ond thot
these should be interpreted in o qualitotive maonner., A further
considerotion thot may be o source of error hos been discussed by
Eisenbeis, Gilbert ond Avery (1973). It will be noted that in this
onalysis, both the univoriote F rotios and the associotion of varicbles
with the DF's provide means of ronking the voricbles in order of
discriminotory pover. The cbove outhors point out thet different
ronking procedures need not give consistent ronkings, ond consequently

it is essentiol to specify the ronking procedure used.

?l 3- 4i
THE GRAZING SUCCESSION

As the multivariote onalysis showed thot the meon height of the herb
loyer wos thot voricble with moximum discriminotory powers, only thot
vorioble hos been considered in the seosonol chonges on the four plots
in Study Area 1. In Fig. 7.14., meon height of the herb layer has
been reloted to seoson, vtilisotion, rainfoll, ond Animel Units of

four moin grazers.

The chonge in meon height oppeors to be reloted to roinfoll, ond the
relotionship is similor to thot described for "leof toble height" by
Vesey-Fitzgerald (1969). Plaote 7.1. compares the herb layer during
the dry seoson (30.9.74) with that during the wet seocson (22.2.75).
Averoge moximum height of the herb loyer is greotest in about Februory;
Porter (1975) used the Board Method to determine standing erop of the
gross loyer, ond his moximum volues were obtoined between mid-Februory
ond lote Moy. Moximum biomoss presumably corresponds to the period

of moximum growth, or to the end of thot period.

Meon height of the herb loyer con be considered then to give some



Seosonol relotionships between mean height of
the herb loyer, vtilisotion, reinfell, ond
Animal Units of four mein grezers. (Study
Area 1}.
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indicotion of stonding crop. Harris and Fowler (1975) estimated
thot approximotely 20% of the net primory production in Mkomozi,
Tonzonia wos consumed by lorge herbivores. Such o low figure
initiolly suggests thet herbivore trophic levels in thot region ore
not food-limited, but Sinclair (1975) hus shown that one cannot
simply relate primary production with food. Bell (1969) was able
to demenstraote thot in the Serengeti the carrying copocity of medium
to long gross areos increosed during the dry season os o result of
the octivity of grazing founo in reducing the herb loyer structure
in the absence of ropid growth., In Fig. 7.14., vtilisotion is most
marked then the herb loyer is shortest. This situation in UGR is
very similar to thaot in the Sengwe Wildlife Research Area (Rhodesia),
desribed by Goodman (1975), where the minimum biomass of the herb
loyer recorded in August ond September coincided with maximum vtili-

sation.

These results suggest thot Downing's (1974) criteria for conditions
of o posture ideal for conservotion purposes ore unrealistic. Among
other choracteristics, Downing (ibid.) maintoined that the "ideal"
posture would haove o gross height grecter thon 50em. This wvolue
will result in minimgl utilisetion, ond is only ottoined (in Acocia

nigrescens woodlond) in the obsence of grozinag (Fig. 7.15).

The “grozing pressure" of four grezers is included in Fig. 7.14.,
Other species were recorded (e.g. impala), but hove been omitted for
clarity ond on oceount of their low Animal Unit (AU) values. AU
values (Mentis and Duke, 1976) have been used in preference to obsolute
numbers of species, as it was considered thot this would provide a more
realistic picture of impoct on the herb loyer. No ideo of stocking
rote con be orrived at, since no method wos devised to estimote the
durotion of the vaorious species in the Study Aresc. If o succession
occurs, then a suggested sequence for Study Arec 1 could be white rhino

followed by wildebeest ond zebra, followed by woterbuck. The results



Fig. 7.15. : Comparison between mean height of the herb
layer in the exclosure plot ond in on odjocent

well-grazed areo.
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from Study Arec 3 suggested o different sequence: wildebeest and
zebro preceded impola, which were followed by white rhino, The
implicotion is that in UGR o grozing succession is not well-defined,
ond if it is present then the sequence of species is not predetermined,
but depends on locel concentrotions of species in the areo under con-
siderotion. Woterbuck were consistently found in Study Area 1, and
their high numbers might lend bios to o "succession" which is not
representotive for UGR., The opparently similor temporol utilisotion
by wildebeest ond zebra is somewhot conflicting with the literature,
where wildebeest hove been recorded as succeeding zebro (Wotson and
Kerfoot, 1964: Bell, 1969, 1970, 1971). The concept of o grazing
succession waos originolly properly elucidated in the Serengeti (Bell,
iﬁiﬂ.}; where vegetotion ond topograophy ore ossocioted in on extreme-
ly well-defined monner. Such o situotion does not exist in UGR,
which has o mosoic of habitet types., There is o donger of assuming

o succession merely becouse different grozing species ore vtilising
the some resources. Porter (1975) states that in western UGR, long
gross oreas ore ossocioted with volleys ond short gross with hill

tops ond ridges, He reloted this situotion to o grozing svccession,
whereby vorious species progressively moved off the ridges (zebrq,
woterbuck, ond wildebeest, in that order) oz the dry season approached.
My own cbservotions support the view thot the reverse situotion is in
foct the cose i,e. long grass ocreos predominote on hilltops ond short
gross oreas in the wvalleys. My conclusion is thot o grozing
succession is not the rule in UGR, ond when it does exist the sequence
of onimals is faor more complex than that described by Bell (ibid.)

for the Serengeti, and by Porter (ibid.) for UGR., Wildebeest are

not necessorily the species which utilise oreos when the meon height

of the herb loyer iz ot its seasonal low.

Further research into the question of o grozing succession in UGR

should teke into account the occurrence of the pasture mosoic



Plate 7.1. : Comporison between herb layer structure (in Study
Area 1, Plot A) observed during the wet season and
during the dry season.

(Dry season photograph taken on 30.9.74; wet seoson
en 22,2,75).
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(alternation of long gross ond short gross areos). Grozing mosoics
hove been exploined in terms of the sccumulotive effects of avoidonce
of less fovourable posture (Vesey-Fitzgerold, 1969), or in terss of
soil factors {Tolbot ond Talbot, 1963). Avoidonce of unpolatcble
gross genera like Bothriochloo ond Cymbopogon is certoinly o foctor
in the Complex., The effects of fire moy be o further considerotion

in that some locolised potches remaoin unburnt, especially oround
termitoria, in oreos where horvester termite denvdotion is morked,

or on sondy potches where the onnual gross cover hos died off,

7.3.5.
DISTRIBUTION AND MOVEMENT

When fieldwork hod been terminoted, opprovel wos given for the insti-
gation of @ morking progrom for severol species (including wildebeest).
Some 60 wildebeest were morked with collors in different areas of the
Complex in May, 1975, ond subsequent resightings were mode from fixed
patrols ond from an circroft. In oddition, severol wildebeest herds
were tronslocoted from UGR to HGR, cond some of these onimols were
morked to study movement ofter tronslocotion. This study of ungulote
movement wos supervised by Dr. P. M. Brooks, ond did not constitute
part of my research. The results of the collor-morking progrom ore
not considered here, os these will be presented in detoil by Brooks

(in prep.).

In generol, movement is limited ond true migrotion obsent. Wildebeest
populotions in the Complex ore relotively sedentory, provided their
requirements con be met in the areo opproximoting to their home ronge.
Mojor foctors influencing movement oppeor to be burns and the provision
of pons in uvplend oreos during the wet seocson., The attroction of
wildebeest to burns is well-known (Wotson and Kerfoot, 1964; Pratt,
1967), ond examples of burn-initicted movement were prevalent during

this study. For exomple, an arsen burn in the Corridor in October
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1974 resulted in o movement of most animals normally resident in the
Seme Flots orec of southern HGR onto the Corridor burns. The dis-
tance covered vos about seven kilometres. The filling of pans in
vplond areos, couvpled with gross regemerction, fovours vtilisation
of such oreas during the wet season. Such vtilisation may be
extremely fovouroble to postures reodily cccessible to vildebeost.
The Ngolothi uplond ares in southern UGR is bosicelly o ploteou
surrounded by arecs which ore vtilised by wildebeest through such

of the dry secson. When conditions are fovouroble, wildebeest ore
in o pesition to moke immediote use of the "ploteocu”. Consaquently
this upleond region receives favouroble grozing treatment: heovy
utilisation during the wet season by wildebeest (and other grozers),
followed by comparotive rest during the dry seoson on occount of the

gbsence of woter on the ploteau.

The dispersal of wildobeest from HGR into UGR hos been discussed in
Chapter 2. Eloff (1966) has documented range extension of the
species in the Kalghori Gemsbok Notional Park. It is possible that
the spearhead of the dispersal was composed lorgely of single moles,
for Smuts (1972) found that in the Kruger Park lone bulls were the
first to reoch the summer grozing areas. A similar phenomenon hos
been reported for the range extension of impala (Hitchlnl ond Yincent,
1972). Whatever the mechonism of dispersol into UGR, it con be
ossumed thot dispersol is now complete, os populotions have been
recorded in the extreme south of UGR for many yeors,

On the assumption thot the siting of previous copture operotions would
provide an indicotion of mojor concentrotions in the past, Fig. 7.16,
haos been prepored. Comparison with Fig. 7.17 implies thot o)
concentrotions hove rempined lorgely in the some oreos for ot least

five yeors, ond thot b) distribution hos been lorgely unoffected by

removal operotions,

The dry seoson or winter distribution is shown in Fig. 7.17, ond is



Fig. 7.16. : Locotiens in the Complex where wildebeest gome
capture operotions tock ploce between 1949 and
1973. It is ossumed thot copture sites will
give some indicotion of dry secson wildebeest
concentrotions. EEGSEd lorgely on mops com-

piled by Densham, and held in the HGR herberium).
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Fig. 7.17. ll;i.strih-utiun of wildebeest in the.l'_'n-plu {bosed
on density expressed in hectores per onimol)
during the 1974 dry seoson. Doto from heli-
copter census undertoken in July ond August 1974
(Whateley and Brooks, 1974)..
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based on the helicopter census of July ond August 1974. This
distribution is very similar to the results of other censuses,
(which hove been plotted on mops by Natal Parks Board officers and
are held at the HGR herborium), including those for August 1972,
June 1973, ond September 1975, The constancy of the distribution
is o further indication thot dispersal is complete. Although
distribution is lorgely reloted to hobitat, it is sometimes unwise
to moke direct comporisons between distribution ond o habitet maop.
The Meva bosin in the Wilderness Areo of UGR will vsvally reflect
high census figures. This oreo hos for yeors been highly degroded,
and the vegetotion is dominoted by Acocioc grondicornuta and Pappea

caopensis trees. The herb loyer shows encroochment by Azimo tetro-
cantha ond Asporogus sp., both of little value to grozers. In some
respects, the numbers of wildebeest in the orec ore reloted more to
movement potterns thon to hobitot: they vtilise the slopes of
Tshokelwano ond Luthelezi which contoin the Meva basin, and must
descend into the Mevo to drink from pons, or must poss right through
the Mevo to drink from the White Umfolozi river when the pans are

dry.

Fig. 7.1B.depicts those oreos which were allocoted for gome removal
in 1974, on the bosis of hobitot degrodotion. Although most removel
arecs overlop the maoin dry seoson distribution of wildebeest (Fig.
7.17), little couscl relotionship con be deduced, aos other grozers
ore involved. Fig. 7.19, (the wet seoson distribution) wos prepared
from three fixed-wing flights undertoken in December 1973, and in
Morch ond April 1974. As o result the wet season distribution is
not os occurote o3 thot for the dry seasen. The two distibutions
ore similor, except thot the Corridor uplond areas ore utilised more

during the wet seoson.

The conclusion is that summer and winter ronges ore not discrete as
they are for wildebeest in the Kruger Pork (Broock, 1973; Smuts, 1974),



Fig. 7.18. : Areos ossigned for game removal in 1974, based
on hobitot degrodotion. Based on map compiled
by Porter in 1974,
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Fig., 7.19.

Rough 1974/75 wet seoson distribution pottern

of wildebeest in the Complex, baozed on three
fixed-wing flights undertoken (14.11.74; 30.12.74;
6.2.75). The key relotes the mean number of
wildebeest (represented by number closses) to
specific nusbered regions. These regions ore

in fact monocgement areoas, delimited on the basis

of cotchment oreos ond the rood network.

Sources of error orise from the fact thot any
specific numbered region wos not necessorily
counted on oll three flights; further, regions

ore not of equivalent oreos.
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Broack {i!iﬂ.} clossified wildebeest populotiens in the Centrol Dis-
trict of the Kruger Pork into those thot were foirly sedentary and
those which displayed migration in the use of summer ond winter ronges.
Both migrotory ond locolised populotions hove also been described from
East Africa {Talbot and Tolbot, 1963),

The question of the original condition of the species (migratory or
sedentory) is not clear. Estes (1976) put forword o model for the
evolution of reproductive synchrony in the wildebeest, ond this model
involved adoptation to o migratory existence., If this is so, then
wildebeest are primorily migrotory and secondorily sedentory, ond
resident populotions (os are found in the Complex) must represent off-
shoots of migrotory populotions. But the persistence of territoriel
habits in nomodic populations (Watson, 1969) suggests that sedentary
habits may represent the originol condition of the species, os it is
difficult to see how territoriaolity could evolve os on odaoptaotion to
a migrotory existence (Estes, 1969). Resident populotions in the
Complex exactly correspond to Estes' (1976) description of hobitat
exploitation for "residents": they exploit their small home ranges

in basically the some manner os their migrotory counterparts, but on
o reduced scole, where posture conditions vary eccording to slope

ond droinage.

It is considered thot distribution in the Complex iz lorgely reloted
to hobitot, ond it is unlikely thot more subtle foctors (like the
ovailability of colcium in the grass, Kreulen (1975)) play an impor-
tant role.

7.4,
CHAPTER SUMMARY

In HGR, some generolisotions were mode regarding wildebeest habitot
choice. A more guontitetive opprooch in UGR showed that Acaocie

nigrescens woodlond was the most fovoured hobitat. There were indi-
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cations of seasonaol resource distribution between wildebeest sociaol

groups for this habitot.

Anaolysis of gross structurol components from rumen contents reveoled
similar results for both wildebeest ond buffale. The implications
of these results are discussed. In both species, the dietory gross

components were reloted to roinfoll.

The mean height of the herb laoyer was found to be o hobitet voriable
with high discriminatery powers between haobitot choice by wildebeest,
zebra, white rhino ond buffale. Only the lost species showed sig-
nificant ecologicol separotion bosed on o multiveriote onaolysis of
some habitot variebles, olthough overleop in ecological requirements

of the first three species did not toke spotiel seporotion inte occcount.

It was suggested thot the grozing succession in UGR wos more complex
than thot described from Eost Africo, ond thot the sequence of onimals

in the succession was not always predictaoble.

Wildebeest populations in the Complex were found to be relatively

sedentory, with little seasonol differences in distribution.
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CHAPTER 8

POPULATION  ECOLOGY

8.1.
INTRODUCTION

The existence of o population rests on the foct that new motter
continually reploces that which it must inevitobly lose: this
apparently simple concept iz complicoted by the mony factors govern-
ing replocement ond loss. A populotion hes @ birth and death raote,
a growth form, density, oge structure and numericeol dispersion in

time ond spaoce.

A population study is bosicolly concerned with the couses of
fluctuotions from yeor to year, and the foctors which determine the
magnitude of such fluctuations., Laws (1974), for example, demon-
stroted how on elephont population decline in Ugande wos due to
reduced recruitment resulting from deferred mortolity, reduced

fecundity, ond increcsed calf mortality.

In gregorious bovids, three sociol closses are universal (Estes, 1974),
These ore nursery or breeding herds (comprising females with or
without young), bachelor herds (oll-male), ond solitory edult moles.
The last closs usuvally consists of territoricl onimols; despite o

morked seosonol rutting period, o segment of the wildebeest male



/
population porodoxicolly exhibits territerielity throughout the
year. Territoriality affects population structure, and through
that populatien reproductive potentiol. The ecologicol signifi-
cance of this behaviour is not entirely clear, although there ore
sound arguments (Jorman ond Jarmen,1973) that displocement of
moles from the sociol orgonisation moy result in improved resource

flow to females, thus increasing calf production.

I have singled out territorielity, as this is o distinguishing
feature of the wildebeest, but it should not be regorded os on
over-riding foctor in population processes. There is an interploy
of numerous factors which govern the trend of any population, and

it is fundomental to estoblish the trend of o populotion before one
moy theorise on the foctors governing the trend. One opprooch is
to estimote the rote of increase of o populetion, through the vse
of the stotistic . "r" is the observed rote of increose of o
population, and is determined by oge-specific fecundity and survival,
sex ratio aond age distribution (Caughley and Birch, 1972). Any
chonge in the environment will change r. In on abstract concept of
o populotion's potentiol to increose, o stoble oge distribution is
ossumed i.e. the life toble and fecundity teble remain unchanged.

A rote of increose so colculoted is termed r, (Caoughley and Birch,

ibid.). A speciol cose of r, ot low density such that the popu-

5
lotion hos maximum rates of survival ond fecundity with no limiting
resource is r,, the intrinsic rote of increocse. This stotistic is

not constont for o species, but relotes to o specific environment.

8.2.
MATERIALS AND METHODS

8.2.1.
HERD CLASSIFICATIONS

Clossificotions of herd structure were mode both on the ground and



221,

from the eir. Clossificotions voried in accuracy; the more occurate
ground classifications were performed by stalking o resting or feed-
ing herd in wooded terroin, ond clossifying from a tree-top with the
aid of binoculors. Such classifications usually ollowed for
discrimination of 2 - 3 year old animols, but it wos often possible
only to divide a herd into colves, yearlings, and "odults."

Accurate clossifications (including sex of 2 - 3 year old animals)
were performed during gome capture operations, when eoch animal

could be closely observed as it passed through o crush prier to

loading onto vehicles.

Ground sampling included o bios in fovour of single moles, as these
ore relatively stotic, ond tended to be resompled. This is obvioted
from on geriol somple, os ony porticulor ereoc is covered once only.
Aeriol clossificetion enobles o good sample to be token from the
entire Complex at one time, whereos the time required for o meaning-
ful ground sample demonds o restriction in orea. A helicopter is
cleorly odvontogeous for eose ond occurocy of counting; it olso
enaobles one to differentiate between breeding herds without calves
and bochelor herds, which is not always possible from o fixed-wing

aircroft.
Doto collected from ocircraft were subject to the following ossumptions:

(i) all single onimals were odult territoriel moles. Solitory
femoles were recorded from ground clossificotions, but were extremely
rore.

(ii) each breeding herd conteoined one odult territoricl mole.
Large breeding oggregotions may contoin more than one such mole, but
their frequency of occurrence is low.

(iii) all moles in bachelor herds were "adult" (i.e. 2 - 3 yeors
old, or older).

More accurote clossificotions from the ground (e.g. percentoge yearlings
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in breeding herds) were combined with cerial data (e.g. percentage
breeding herds of somple) to provide levels of occurocy unobtoinable

by either method alone.

E!E !zl
LIFE TABLES AND POPULATION MODELS

The femole somple (seventy-six onimels) from eulling operotions was
veed to form on 1, series for life tables. (Life toble symbols are
defined in Toble 8.7.). The mole somple from culling wos extensively
biosed towords territoriol moles, ond wos consequently not uvsed. In-
steod, survivorship curves for both sexes were bosed on life tables
constructed from ninety skulls found in the field (o dy series). 1In
both coses, under-representotion of younger oge closses meont that the

first two volues in eoch series were bosed on field observatlions.

Comparison wos mode with life tobles prepored from hitherto unutilised
doto collected from culling operctions by Vincent (pers. comm.) in HGR
and the northern Corridor in 1967, Vincent's subjective tooth weor
closses were reloted to the infundibulor pottern chort (Fig. 3.6.) to
estimote obsolute oges. The weor closses chosen by Vincent necessi-
toted grouping older onimols os follows: 5 - 6,9 years; 7 - 11,9 years;
12 - 13,9 yeors; l4 + yeors., The resultont life toble (based on B4
femoles shot) consequently required some "smoothing": this was achieved
by toking the meon of groups of three consecutive 1, volues, ond ascrib-
ing the meon to the second of eoch group. Vincent's maole shot somple
oppecred to be less biosed than my sample, and o mole life toble (bosed
on 70 shot onimcls) wos constructed for the purpose of comporing survi-

vaorship curves between the sexes.

The construction of life tobles from shot samples or skulls assumes o
stationory oge distribution (Coughley, 1986). A stotionory oge dis-
tribution results when o populotion is constont both in slze and in

oge structure. It is o speciol cose of the atable age distribution



where the population moy increose or decreose ot o constont rote
(Hanks and McIntosh, 1973). The wildebeest populction in the
Complex [or, indeed, any wildebeest population) does not show o
stotionary oge distribution, Nevertheless, life toble information
may be used to demonstrote how on unstaoble populotion is chonging.
Spinoge (1970) stotes: "Provided o stotement of the purport of o
life table is given then there would not seem to be o necessity

for o stoble oge distribution.”

In this instonce, life tobles have been used to construet populotion
models with the object of exomining how voriotion in reproduction

ond mortelity influences the rote of populotion growth, thereby
investigating the factors responsible for noturcl regulotion of

the wildebeest population. Different life tobles were constructed

by varying the mortality rotes (porticulorly during the first year

of life), ond the oge-specific fecundities. Such voriotion is
justified from the literoture: Wotson (1969) noted thot colf mortality
in Serengeti wildebeest during the first few weeks voried from

28 to 79%. Buffolo experienced ¢ similor variotion (Sincleir, 1974b).
Voriotion in oge-specific fecundity ( m, wvolues) is pronounced in

2 - 3 yeor old wildebeest: Watson (1969) observed a variation in
reproductive success from 25 to 50% for this age closs over four

consecutive yeors in the Serengeti.

In all coses where 1, or m, vaolues were varied to provide different

life tobles, r_ wos colculoted occording to the method of Andrewartha

5
and Birch (1954). 1In oddition, gome removal figures ond census data
(MNatal Parks Boaord files) were used to colculote o figure for r
The method used wos that outlined by Coughley ond Birch (1972),

This method doe: not require life taobles, ond the problem of the

m Ll

stoble oge distribution does not orise.
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8.2.3,
SUPPLEMENTARY DATA

No emphosis wos placed on the collection of behoviourol dotao in this
study, os this ospect in the wildebeest hos been fully documented
(Talbot ond Tolbot, 1963; Watson, 1949; Estes, 1964, 1969).
Behaviourol observotions were recorded where they were considered

to differ from those described by the obove outhers.

Doto on mortolity were extrocted from Notol Porks Boord files, ond
were bosed on monthly reports, chiefly from rongers. Doto on herd
fluidity were bosed on the resighting progrom of collared onimals

{Brooks, pers. comm.).

8.d.
RESULTS AND DISCUSSION

Elzlll
POPULATION STRUCTURE

An example of the results obtoined from cerial claossificotion is shown
in Table 8.1.. The structure corresponds roughly to that ottoined by
the end of winter, when mortolity peaks hove already been ochieved.
Comparotive results for other months ore not presented, os Coughley
(1974) hos demonstroted thot age rotios contoin little extroctable
informotion: indeed, mossive increases or decrecses in numbers may

go completely unmorked by change in age rotios.

Instead, more relevont porometers of population structure hove been
compored with other pepulations, Table 8.2. compores calf percen-
tages for different months ond different localities. The 1965/66
calving season in the Complex wos the worst recorded, followed by the
1973/74 season. The three months prior to the rut in 19465 received
abnormally low rainfall (Table 2.2.), whieh may have been o factor in
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Populotion structure of Complex wildebeest

population in August 1974, based on ceriol

classification,

Number of animals sampled

Sample as % of populetion

NMumber of single sightings

% single sightings of sample
Number of animals in breeding herds
% sample in breeding herds

Mean size breeding herd

Range breeding herds

Number of onimals in bachelor herds
% of somple in bochelor herds

Mean size bachelor herds

Ronge bachelor herds

Mumber of calves counted

% of breeding herds comprising calves
% sample comprising calves

MNumber of territoricl moles (single
sightings + breeding herds)

Territorial moles os % of sample

Number of "adult" moles (territorials
+ bachelors)

"Adult" moles os o % of sample

Territoriol moles as o % of "adult"
males

Number of territoricl moles for each
breeding herd

% yeorlings in breeding herds (ground
classificetion)

% "adult" moles in total breeding herds

By subtroction, % "odult" females in
breeding herds

. % "odult" femoles in somple
o ¥

calves : odult femaoles

800
30%

72
9,0%
633
79,1%
14, 4

2 - 40
95
11,9%

5,6
2 - 16
123

19, 4%
15, 4%

116
14,5%

211
26, 4%

55%
2,6

25%
6,9%

48, 7%
38, 5%
&7 : 100
40 : 100
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TABLE B.2.: Comparative colf percentoges.
LOCALITY DATE CALF % | SOURCE

Hluhluwe Game Reserve | March-May 1963| 27,8 |Vincent ond Hitchins (1967

" May-Sept. 1963| 20,3 |Anderson (pers.comm.)

" Feb. 1965 26,7 |Estes (1965)

Hluhluwe 4 Corridor April-Moy 1966| 11,5 |Vincent end Hitchins (1967

y JuanJuly 1967 27,3 o

" Aug. 1974 13,6 |[Attwell (this study)
Corridor April 1967 22,1 |Hitchins (pers. comms.)
Unfolosi Game Reserve | Jan., 1973 24,7 |Brooks {(pers. comm,)

n June 1973 20,6 httutll} it etod
Unfolosi + Corridor Aug. 1974 14,5 " y
Complex Feb. 1965 20,5 |[Vincent (1965)

- Feb. 1974 22,8 |Attwell

™ Al.lg.. 1974 lﬁ,d " I this 1-t|.ldr
Mkuzi Gome Reserve Jan. 1945 19,8 |Univ. Netal W.L.Soc

Newsletter No. 3

2 May=-June 1967 Anon, NPB. files

™ A-lH-'- 1948 T 1 i

. July 1968 Univ. Natel W.L.Soc.(1968)

" July 1973 Attwell {hili:nptur}

" Sept. 1974 Attwell (hide)

Timbavoti Gome
Reserve Transwvool April 1967 Hirst (1969)
Kruger Park, Centrol) | after breeding
Lindanda) | peaks, 1972 Broock (1973)
Satara)
Mokorikari, Botswano March 1965 Estes (1965)
Wankie Park, Rhodesio| March 1945 Estes (1965)

" Aug-Dect. 1966 Anderson (1967)
Serengeti Maora, Kenya| Jon. 1959-61

" Oct.=-July Tolbot ond Tolbot (1943)

1959-61

Tarangire Reserve,
Masailand

Athi-Kopiti Plains,
Kenya

July-Oct. 1962

March 1971
October 1971

Lomprey (In: Tolbot and
Talbot, 1943)

Petersen aond Caosebeer
(1972)




reduced conception rates. The 1974 low figure olmost certoinly
results from heavy calf mortolity (See 8.3.4.). Colf mortality in
Mkuzi during 1974 wos negligible in comparison to thot in the Complex
(September figures for Mkuzi show 26,5% calves compaored to 15,4% for
the Complex). The high percentoges shown by Kruger Park moy be due
to the grecter contribution to productivity from yeorlings (Broock,
1973) and to minimol calf mortality. Broack (ibid.) noted no colf
loss between February ond July in Kruger Pork, while the loss of
yearlings during the some period was high. This is suggestive more
of o diseose foctor thon of predotion, becouse it is wnlikely thot

predotion would fovour calves ond not yearlings.

The colf : edult cow rotio is o product of conception rates ond mor-
tolity. Toble 8.3. shows the reclised notolity of different popule-
tions, expressed by o colf : cow ratio. Comporison with other popu-
lotions implies that conception rates are high in the Complex (as
seen by the Februory 1974 rotio), and thot colf mortolity must eccount
for the marked change by August.

Comporative sex rotios for adults (including 2 - 3 year olds) are
tobuloted in Toble 8.4.. The preponderonce of femoles is common to
olmost oll populotions, Mentls' figure of 131 ¢ : 100 § was derived
from o nogono compaign shot somple, ond is unlikely to reflect the
trve rotio, for the following recsons: during culling operations,
territorial males ore shot for more frequently thon females. Solitory
territoriol moles ore reluctont to leove their territories, ond ore
thus easier to shoot than females. When in o breeding herd, their
territoriol posture agoin singles them out. Males ore further
selected for cesthetic reasons, ond for the fact that, being larger
than femoles, they ore more desirable for rotion distribution to Game
Guord comps. From 1959 to 1964, the 5010 odults shot were in the
ratio of 133 d': 100 § (Vincent, 1965), ond must hove resulted in
consideroble depression of the mole segment. During 1973 ond 1974
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TABLE B.3. Realised notolity os expressed by o colf : cow retio.
LOCALITY DATE No.CALVES:100 Ad.99 | SOURCE
Hluhluwe Feb.1965 | 53 Estes (1965)
Complex Feb.l974 | 69,5 Attwell (this study)
Wi AUE-IW" m T 1]
Mokarikari,
Botswona Mar.1965 | 32 Estes (1965)
Wonkie, Rhodesio | Mor.1965 | 40,7 Estes (1965)
Masai-Maro ) 49 (Jul=Oct.) )
& ) 1959-61 67 (poak) ) Tolbot & Talbot (1963
Torangire Reserve | 1962 18 Lamprey (In: Tolbot &
Talbot , 1963).
Ngorengoro Jan.1965 | 70,4 Estes (1965)
Athi-kapiti Plains | Aug.1970 | 52 ) Petersen and
" Mar.1970 | 58 ) Casebeer (1972)




TABLE B.4. :

Comporative sex ratios (odults),

LEVEL OF

| -

LOCALITY DATE d" ? STGNIFICANCE | SOURCE
Umfolozi Gome Reserve 1929-30 131 100 |p=0,001 Mantis (1970)
Complex HGR - UGR 1974 67 100 |p< 0,001 Attwell (this study)
1972-73 &7 100 |p=< 0,001 Brooks (pers. comm.)

ML Goea Reserve 1973-74 47 | 100 |p<o0,001 Attwell (this study)
Kruger Park 1948 37 100 )
Central District 1972 45 100 )| P~ 0,89 Broack (1973)
Mokorikori, Botswano 1965 43 100 |p< 0,001 Estes (1965)
Wankie, Rhodesiao 1965 30 100 |p< 0,001 Estes (1945)

" " 1966 38 | 100 |p<0,001 Anderson (1967)
Tarangire 19461 49 100 » Lamprey {I‘I‘It Talbot & Talbot, 1?&:"}.
Serengeti - Mora 1959-61 108 100 & Tolbot & Talbot (1963)
Ngorongoro 1965 67 100 |p= 0,001 Estes (1969)
Athi-Kopiti Plaoins 1970-71 50 | 100 |p<0,001 Petersen & Cosebeer (1972)
Serengeti "over 5 years" 100 100 . Watson (1967)
Noirobi Notional Park 1966 82 100 |NS, p=0,1 Foster & Kearney (1967)

- " " 1948 50 100 . Modha (1969) In: Petersen & Cosebeer, 19?2}

* row data uvnovailable.
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culling took place in an even more biosed rotio of 5444': 100¢ ;
however, it is considered that this bicsed cull did not affect the
sex rotio overmuch, becouse since 19467 the rotioc haos been bolanced
by Gome Copture operations, which remove primarily breeding herds.
Of 152 adults sexed from game copture during the study peried, 138
were female ( 10¢": lﬂﬂ? ).

Since pre-notal sex rotios ore close to parity, differentiol mortality
must toke place ot the expense of moles. Surprisingly, this is not
borne out by significont differences between sexes of skulls found

in the field or from records of mertality in the Complex (see B.3.4.).
It is unlikely that the differentiol sex ratio in the Complex results
solely from eorly mole-biosed culling, os the present rotio is com-
paoroble with other populotions in Africa., The comporison with other
populotions leads one to assume thot the female-faovoured rotio is a
naotural condition, and is indeed found in most territorial antelope.
Whotever recsons there ore for the foilure of mortolity returns and
found skulls to reflect differential mortality between the sexes, one
connot escape the foct thot such mortolity is real. Depression of
the sex ratio moy result from differentiol responzes to various
socially and environmentally induced stress factors (Brooks, 1975).

In wildebeest, such foctors might involve expulsion of experienced
sub-odult males from the breeding herd nucleus (see 8.3.2.) during
the rut; the use of morginel hobitat by bachelor herds; the suscepti-
bility of territoriol moles to predotion; and the loss of condition

and lowered vigilance during the rut.

Jewall {l??ﬁ} haos commented that the persistence of o ratio close to
parity ot birth is puzzling, os this oppears to be biologicelly
uneconomical, since o single mole may serve some twenty females,

The explonation moy lie in the foct that when prsdation favours
females, the mole segment octs os o buffer. In oddition, moles may

oct os ogents of dispersal, either through the adoption of new
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territories, or through the use of less fovourcble habitot by
bochelor herds.

Since the mole ond femole segments of the populotion ore lorgely
seporoted by the existence of breeding ond bachelor herds, it follows
thot the sizes of these herds might offect vorious populetion pera-
meters. Percentage frequency of herd size closses (number of herds
sompled from the air = 785) is shown in Fig. B.l.. An onalysis of
varionce showed a significont difference ( p<0,01) between wet ond
dry seosons for breeding herds only; bochelor herds did not differ
significantly ( p>0,5) between seasons, ond are consequently not
depicted according to season. Bachelor herds ore notobly smoll in
the Complex, ond never attain the sizes recorded in Eost Africa.
Petersen ond Casebeer (1972) noted bachelor herds of over 100 on the
Athi-Kop iti plains in Kenya. There is o tendency for breeding herds
to be lorger during the wet season (Fig. 8.1.); this phenomenon was
also observed in the Serengeti by Telbot and Talbot (1963). A
similor seosonal pottern in meon herd size occurs in buffalo popula-
tions (Sincloir, 19740). A possible explonotion is related to food
requirements - it is odvantageous to be in o smoll herd during the
dry seoson, becouse the lorger the herd the further and more often

it has to trovel to find fresh grozing. An ocdditional determinant
of herd size is prodetion., Jormon (1974) has propesed thot preda-
tion is the pressure inducing many ontelope to ossociote in herds,
while dispersion ond ovailaobility of food items limit the maximum
size that these herds con ochieve. Smuts (1976a) found that family
group size in zebra wos higher in oreos in the Kruger Park where

lion populotions hod been reduced: hunting success of predotors was
an importont foctor limiting group size. Structure of the habitot
moy olso influence group cohesion. With respect to zebra, Smuts
(ibid.) meintoins thot lorge fomily groups ore on indicotion of prime
hobitat conditions. If, os Eisenberg (1966) suggests, odaptation to
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open hobitots fevours group formotion, then the relotively smoll
herd sizes in the Complex moy reflect an odoptotion to woodland.
This moy occur ot the expense of increansed colf predotion (see
8.3.4,). Reference to Taoble 8.5. shows thot the mean size of
breeding herds ot the same month in the Complex appeors not to have
gltered since ot legst 1963. The higher figures for Wankie suggest
the avoilobility of more open habitat. Mean figures for Serengeti
are not aovailoble, but descriptions of migrotions (Grzimek and
Grzimek, 1960) confirm that such figures would be well in excess of

any noted in Table §.5..

Breeding herds make up o relatively constont percentage of the popu-
lotion (ot least during the study period), of ebout 80%. Broock
(1973) found o similer situotion in the Kruger Park, with no opparent
seasonal wvarietion in the percentoge of animals in the three sociol

groups.

Date from the resighting progrom of marked animals in the Complex
(Brooks, pers. comm.) indicote that o breeding herd is not o cohesive
unit, but thaot considerable fluidity exists (Toble 8.6.). This con-
flicts with the findings of Estes (1966, 1974) in East Africo, where
wildebeest breeding herds tended to hove o fixed membership over ot
least five months ofter the colving semson. Other species which may
disploy consistency of herd structure are buffalo (Sinclair, 1974a)
and zebra (Smuts, 1974). Where strong cohesive bonds exist, o high
degree nf.inhreeding moy result. Osterhoff, Young ond Word-Cox
(1970) even suggest that inbreeding in buffale herds in the Kruger
Park may result to the extent thet certoin obnormolities ecould con-
ceivably retord populotion growth. Although gross morphological
abnormalities (e.g. twinning of foreleg hooves) were noted in this
study on two occosions, one of which has been described by Keep {l??#},
it is unlikely thot these result from inbreeding. The only genetic

constraint thot I con envisage octing on the Complex populotion would



TJABLE 8.5. Comparison between meon breeding herd size of different populotions.
MEAN BREEDING
LOCALITY DATE HERD STZE SOURCE
HGR + N. Corridor Morch/April 1963 20 Anderson (pers. comm.)
Complex March 1974 19.3 Attwell (this study)
" August 1974 14,8 " 5
Mkuzi Reserve 1973/74 17.8 Attwell (this study)
Kruger Notional Pork 1971/73 20 Broock {1973)
Wonkie National Pork Jonuary 1968 28,5 Higgins (1969)
Ngorongoro "year round overage" 10 Estes (1949)

"EES



TABLE 8.6.
DATE OF SIGHTINGS
6, 8.75
14. B.75
21. B.75
4, 9.75
11.10,75
14.10.75
5, 2.76
10. 2.76
21, 2.76
2. 3.76
17, 3.76
1. 4.76
4. 4.76
10, 4.76
22, 4.76
27, 5.76

Resightings of o morked odult femole
(“Hhit& I") in UGR, illustrating

fluidity in herd composition.

HERD SIZE

11
22
12
23
27
21
30 +
55
23
19
12
37
16
31
25
17

234.
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be thot resulting from the consistent removol of territoriol moles
from culling operotions. The male thot vltimotely becomes torri-
toriel will hove o very much lorger number of offspring thon any

contemporary female. As a result, he is the more effective agent

of rapid genetic and evolutionary chonge (Jewell, 1973).

BIH I'El
TERRITORIALITY AND BEHAVIOURAL CONSIDERATIONS

Mention has already been mode regarding some ospects of the contri-
bution of the mole segment to populotion ecology. Territoriol

males moy ald in preventing overutilizaotion of any one port of the
range by breoking up concentrotions into smoll vnits ond spocing

them out. Further they promote efficiency in reproduction, os choos
would result from contending males of equel rank congregoting eround
on cestrous femole (Estes, 1974).

The mole segment, ond in particular territorial animals, is considered
in this seporote section, owing to suggested behoviourcl ond repro-
ductive deviotions from those observed in other populotions. Adult
moles mode up between 20 and 25% of the Complex population during

the study period. This percentoge compores favourobly with other
populations in Africo (Petersen and Casebeer, 1972; Broock, 1973),
About holf of the adult males are territoricl, though this figure
will vory depending on the time of the sample, for Estes (1949) has
described o 25% increose in the number of territoricl animals ot the
time of the rut. Although the percentage of territoriol moles in
the adult mole segment is within, ond sometimes obove, the ronge
shown by other populations, the number of territorial moles per
breeding herd (2,6) is low in comporison to Estes' (1969) figure of

5 - 10 in Ngorongoro. Despite this, there is no evidence to suggest
that the low value for the Complex (if indeed it is o low value, as

there is only ene comparoble figure) influences oge-specific fecundity,
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In Section 5.3.6., evidence wos presented thet not oll calves are
born within o restricted birth secson, ond that these out-of-season
colves coincided with o secondary peck. Fig. 8.2, depicts the
chonge in percentoges of solitory onimals in the populotion recor-
ded from the ocir. The peak in April and Moy corresponds to the

trve rut, but on equolly pronounced peck occcurs in August, The
values for May, June ond August moy justifiobly be considered

"peok" volues, becouse the July volve of 7,5% wos found to be
significontly different (p<0,005) from the Moy, June and August
values of 9%, by using the Normol Approximotion to Binomial with

mean = 9%. This peak should be regorded os real, for Estes (1974)
states thot the territoriol drive tends to wone ot the end of the

dry season i.e. despite the effects of low reinfall, the peck is
opparent. Further, evidence from Section 5.3.6. suggested that some
conceptions were toking ploce ot this time. Anderson (pers. comm.)
distinguishes between a "Secondory breeding peck™ and o "faolse rvt."
Both are seporaoted from the moin rut by ot lecst two months, but

the former is distinguished by some conceptions, whereas in the
latter, olthough typical rut behoviour occurs, conceptions ore obsent
or rare. Unless one defines "rore" the distinction is not wholly
cleor-cut. Certainly, the survival of out-of-secson colves would be
very low, ond for fewer would be seen thon were octuolly born. With
this in mind, one moy tentotively stote thot wildebeest in the Complex
experience o "secondary breeding peok.”  Anderson (pers. comm.)
suggests thot vegetotion phenology L1s on lmportont cue in determining
the "intensity" of the second rut. Where food is relatively consis-
tent in nutritional volue throughout the yeor, o seosonally breeding
species will react to both increasing ond decreasing daylength by
producing bimodal breeding peoks of roughly equal intensity. But
vhere habitot is morginel, ond feeding strotegy less successful, the

secondary peak will be evident os o false rut only.
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In Fig. 8.2., the February 1975 peok is probably reloted to roin-

fall., Estes (1969) has described how o secondory peak may result
from the restorotion of obandoned postures aofter the first roins,

when bulls leave bochelor herds to set up territories on restored
pastures. This peak, ceccording to Estes, hos no obvious link

with sex.

Wildebeest in Zululond ore somewhot anomalous in their territori-
ality when compored to the clossic behoviour described by Estes
(1969). He showed how breeding herds were accompanied by a
territoriol male only when the breeding herd haoppened to be, or wos
confined on, thot mole's territory. Applying this to the Complex
situotion, one would expect freguently to record "unescorted" herds,
when herds ore not on territeries. [Estes showed thot if a male
accompanies o herd cutside his territory he will ceose to show
territorial behaviour; yet in the Complex breeding herds without
moles disploying territoriol chorocteristics ore rare. Estes (in
litt.) explains this opparent anomaly by ossuming that there is not
a complete territorial network, i.e. thot some territories hove neo
communal boundaries with others. This is indeed the case in the

Complex, and probably arises from the foct thot the faveured haobitat

(Acocic nigrescens woodland) is fragmented and not continuous.
Whot appeors to hoppen is thot the “bull's sphere of territoriol
dominance tends to extend outword until it encounters an equal

contrary force from onother wildebeest." (Estes, in litt.).

A further deviation from the clossical behavioural potterns described
by Estes (1969) involves the oge ot which sub-odult males are
expelled from breeding herds to form bachelor herds, Estes (ibid.)
described how in Eost Africo males joined bochelor herds as yeorlings.
Despite being wecned ot seven or eight months, the mojority of calves
observed by Estes remoined ottoched to their mothers right up to the

next colving season, i.e. when they achieved yearling stotus. The
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continual interference of the old colf oroused hostility in its
mother, cousing her to reject it in favour of the newborn offszpring.
The distressed behaviour of the rejected yeorling ottracted the

gttention of the territoriol bull ossocioted with the breeding herd,

which eulminoted in constant chosing of the yearling until expul-

sion took place.

My dota from the Complex showed thot the presence of yeorlings in o
bacheler herd wos exceptionol, and thot it wos in foct the 2 - 3
year old moles who were expelled from breeding herds. These males
tended to cppear in bechelor herds ofter the colving seoson, ond I
propose on olternotive explonotion to thot described by Estes obove.
Watson (1969) cbserved bulls attempting to mount cows just about to
produce calves, and he suggested that this moy be releoted to some
olfoctory stimulont in the omniotic fluid. This theory received
odded support from Estes' (196%) observotions of bulls displaying
sexugl interest in post-porturient femoles. Yeorlings would not
presumably be subject to this sexval interest, os spermotogenesis
only tokes place ot cbout two yeors of oge (see 6.3.). The 2 - 3
year old moles moy "compete" with territoricl males in their otten-
tions to porturient femoles, thus providing o bosis for their
expulsion at the time of calving. This explonotion must remcin

hypotheticol, as such behoviour wos not cbserved in the field,

Estes (ibid.) described the odeption of territoriolity in males ot
the end of their third yeor; Wotson (196%) mointained thot no moles
younger thon five yeaors took part in the rut. In the Complex,

territoriolity is ossumed ot about four yeors of cge.

8.3.13,
LIFE TABLES AND POPULATION MODELS

The numbers of females shot in eoch oge closs ore shown in Fig. 8.3. -

this is the “smoothed" shot sample, giving o progressive decreose in
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numbers with increasing oge (o pre-requisite for the construction of
a life toble). The 1, volues for colves and yeorlings were derived
from field observations, as they were under-represented in the shot
somple. In February 1974, there were 69,5 colves to 100 odult
femoles. By August, this ratio had been reduced to 40 : 100.

From the life toble (Toble 8.7.), the total mortolity for females
three yeors ond older is 17,2% per yeor. The period under consider-
otion (Februaory to August) was only six months, ond I have thus
ossumed odult mortolity during this period to be 8,6%.  Of 100
odults olive in Februory 1974, 91,4 then would have survived to
August. These had x colves, such thot:

100 91,4
0 - =x
+ x= 36,6
Colf mortality wos then ( 9.0 = 96,6 ). 100%

49,5
= 47%

If one ossumes o constont colf mortolity rote, then the rote per
month would be 7, 8% i.e. by the time colves enter yeorling stotus
three months loter, o further 23,4% mortolity would have taken place,
giving o total of 70,4% over the first yeor of life, A lineor
relotionship between colf mortolity ond time is unlikely, os there
appear to be two peoks in mortolity (see 8.3.4.), one ofter caolving
and the other towards the end of the dry season. To detroct from
the errors resulting from assumption of o lineor rote, I have set
the figure for colf mortolity in Toble 8.7. as 60%. The m_ volues
ore derived from conception rotes (see 5.3.5.). Small somple size
prevented designotion of age-specific m  values for odults. 22% of
yearlings vere found to conceive during the study period; thus, 11X
of the 2 - 3 year olds will hove femole colves, ossuming equal sex
rotios ot birth.
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TABLE 8.7. Life-table for femole wildebeest using 60% colf mor-
tolity; other mortality rotes ore derived from the
shot somple. Symbols os in stendord demogrophic
nototion, viz.

1, = fraction of femoles surviving ot time X. This
is the probobility at birth of on individuel
surviving to oge X.

qx = morteolity rote. The froction that died during
the interval X ond X + 1, expressed os o froction
of those alive ot age X.

m, = the meon number of femole offspring born per
femole of oge X. As the foetal sex rotio is
equal when 86X of odult females conceive, my will be
0,43 for odults.

Age (X) 1, Ay -, 1m X1 m,
0 1,000 0,60 0,00 0,000 0,000
1 0,400 | 0,15 | 0,00 | 0,000 | 0,000
2 0,340 0,13 0,11 0,037 0,074
3 0,296 0,16 0,43 0,127 0,381
4 0,249 0,10 0,43 0,107 0,428
5 0,224 0,18 0,43 0,096 0,480
6 0,184 0,26 0,43 0,079 0,474
7 0,136 0,00 0,43 0,058 0,406
8 0,136 0,41 0,43 0,058 0,464
? 0,080 0,00 0,43 0,034 0,306

10 0,080 0,00 0,43 0,034 0,340
11 0,080 0,00 0,43 0,034 0,374
12 0,080 0,00 0,43 0,034 0,408
13 0,080 0,40 0,43 0,034 0,442
14 0,480 0,17 0,43 0,021 0,294
15 0,040 0,80 0,43 0,017 0,255
16 0,008 1,00 0,43 0,003 0,048
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The colculation of r, from Table B.7. is os follows:

i
Ro = L1, m = 0,773

where R, = the number of times the population doubles itself per

generation.
T, « LXLomo 5174 - 66934
R, 0,773

where T_ is the generotion length - the mean time from birth of

the parent to birth of the offspring.

r, = %R . _o0255 - -o0,0%
1s 6,6934

i.e. the populotion iz decreasing ot 3,8% per yeor.

Using odult mortolity rotes derived from the shot somple (i.e. os

in Toble B.7.), I hove colculaoted the probable moximum rote of in-
crease of the Complex populotion, ossuming the most fovourable
environmentol conditions. Minimum colf mortolity would be about
25%, and odult oge-specific fecundity might increase to 100% under
prime range conditions (I: = 0,5). Using these figures, ond by the
some method as obove, r wos colculoted to be BE. A higher figure
could be realised if the oge structure (i.e. mortolity rotes of
adults) wos oltered more fovourably, but there is no sound basis on

which o more "fovouroble"™ structure con be proposed.

The effects of o different 1 series may be illustraoted by using o
series bosed on a shot somple from HGR ond the MNorthern Corrider,

obtoined in 1947  (Vincent, pers. comm.). Vincent (1965) esti-
moted the mortolity in wildebeest in the Complex in 1965 to be 20%
over the first three yoors of life. I consider this unrealistie,
ond hove ettributed 20% mortolity to colves olone. The remaining
ln ond A, schedules in Toble B.E. ore bosed on the smoothed shot

somple provided by Vincent. From his own doto (pers. comm.), I
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TABLFE 8.8, : Life toble ond colculotion of r based on shot somple
collected in 1967 (Vincent, pers. comm.) from the
Complex, with m, velues obtained at the time. See
Toble 8.7. end text for explanation of symbols.

o O | Laag | Xlm,
0 1,00 0,20 0 0 0

1 0,80 0,12 0 0 0

2 0,70 0,10 | o,11 0,077 0,154
3 0,63 0,09 0, 46 0,290 0,870
4 | o57 | 0,28 | 0,46 | 0,262 | 1,088
5 | 041 | 0,24 | 0,46 | 0,189 | 0,945
6 | 031 | 0,2 | 0,46 | 0,143 | 0,858
7 0,23 0,26 0,46 0,106 0,742
8 0,17 0,17 0,46 0,078 0,624
9 0,14 0,00 0, 44 0,064 0,576

10 | 0,04 | 0,14 | 0,46 | 0,08¢ | 0,640
11 0,12 0,25 | 0,46 0,055 0,605
12 | 0,09 | 0,33 | 0,46 | 0,081 | 0,492
13 | 0,06 | 0,17 | 0,46 | 0,028 | 0,364
14 | 0,05 | 0,20 | 0,46 | 0,023 | 0,322
15 | 0,04 | 0,50 | 0,46 0,018 0,270
16 | 0,02 | 10 0,46 | 0,009 | 0,144
R = ZEla = L7
Q i M
T. . =X 8,654 = 5, 69806

Ry 1,447
r = log, 1,447 0,0617
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calculoted on edult pregnancy rote of 91,5% - this gives m, values
of 0,46 for odults., The some yeorling conception rote (22%) as in
my study has been ossumed. The resultant volue of r is 6%.
Allowing for the assumptions ond ineccurocies inherent in the methed,
one moy guardedly stote thot over seven years the populatien in the
Complex hos changed from on increcse of 6% per annum to o decrecse
of olmost 4%, and thot this decreose is due lorgely to chonges in

oge structure aond colf mortolity.

Watson (1969) olso calculated an r value from life tables for

Serengeti wildebeest, but arrived ot o totolly unreolistic figure
of 46,63%, in that he did not divide 1ugE R, by T_. Using his
own dota, I coleulated an r, volue of 7,3%, which is close to the

maximum r. volues that could be otteined by the Complex populotion.

Hanks and McIntosh (1973) found thot variotion in elephant neo-notaol
mortolity wos the most important foctor operoting os o population
controlling mechonism, Fluctuations in fertility rote of buffalo
haove been shown by Sinclair (1974b) not to be o major factor in
regulation of the populotion. On the bosis of studies such as the
above, I hove changed colf mortality while keeping oge-specific
fecundity values constant, to provide o hypothetical relationship
between rote of increose and calf mortelity. Apart from the colf
values [ X = 0 ), oge-specific mortality rotes {qx series) have been
retained as from my shot sample (Table 8,7.)., The results of the
models are shown in Fig. 8.4.. This opprooeh locks the sophisti-
cation of o computerised model like thot of Storfield, Smuts and
Shiell (1976), whose results suggested that o decline in the wilde-
beest population of the Kruger MNetional Paork could haove been pre-
cipitated by cropping. Nevertheless, Fig. 8.4. does indicote thot,
with the 1, series derived from the 1973/74 shot sowple, calf mor-

tolity ot levels greater than 50% will lead to o decline in the

population,
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The 1973 census figure for the Complex was 3429 (Toble 1.2.).

After the census was performed in July, 203 onimols were removed

up to ond including December. Applying the rote of decrecse

(3,8%) derived from Table 8.7. to the remoining 3226 animals, the
projected populaotion for 1974 would be 3103, without moking allowance
for geme removal in that yeor. 391 onimals were removed before the
August 1974 census: this gives o corrected projection of 2712
gnimols., The octual 1974 census figure wos 2687 animols i.e.

the projected figure based on o rote of increose with 80% calf mor-
tolity wos within 0,%% of the octuol census figure. It does not
follow thot my value for "r" is occurote, ond the close ogreement

of real ond projected population figures moy be circumstonticl, as a
calf mortality figure derived from one year connot be used in a pre-
jection for that year (it will only be several yeors later that o low
cohort resulting from high colf mortelity will enter the breeding
pocl.) Rother, the close ogreement suggests that the populotion

hos been subjected to calf mortolities of o similor mognitude for

SOmMEe ¥YeOals.

Brooks (1973) laid down limits of accurocy for helicopter counts, by
which figures in consecutive yeors could be checked. An increment
rate is opplied to the census figure of the previous year (aos in the
projection above), ond on estimoted census error of 10% for wildebeest
is allowed. Should the projected figure fall putside 108 either side
of the octuol census figure, Brooks suggested that the occuraocy of the
census should be brought into question. He assumed an 8% increment
figure for wildebeest; my results suggest then thot census figures
could be discorded on the grounds of "inaccurccy" when in fact it is
the assumed increment rote itself which is inoccurate. It is cleor
that rotes of increose ore constontly chonging, especiolly during

gome removal operotions, and it oppears injudicious to ascribe limits
of accurocy for census doto bosed on rotes of increase, unless a

recent ond reliaoble estimote of r is ovoiloble,
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The weokness of life tobles lies in the mutual biclogical dependence
of their oge-specific statistics (Coughley, 1970c). For exomple,
any chonge in the mortolity rate of o given oge will offect o lorge
number of entries in the toble. The chief errors orising in my
results probobly result from o smoll (i.e. unrepresentative) somple,
ond from the effects of smoothing. Moreover, Coughley and Birch
(1972} mointoin thot r, is o stotistic hoving little relevonce to
“the problems thot o field study is vsuvolly expected to solve, and
that on estimote of r_ is more importent, particulorly for imple-
mentotion of sustoined-yield harvesting, os it is required to esti-
mote how fost o populotion will build vp after being reduced to any
particulor level (Coughley, 1972).

The method of estimotion of ry involves fitting o curve to the pattern
of growth of o populotion ofter its density hos been ortificially
redvuced, ond extropoloting it bockwards te minimol populotion size
(Caughley and Birch, 1972). If one ossumes thot the pre-reduction
total wos asymptotic, ond thot growth is opproximotely logistic, r

m
moy be estimoted by regression from the equotion:

log, K-N = a- gt
N
where K = pre-reduction population level ("Asymptotic")
N = subsequent totel
t = yeor (time)
@ = y intercept for the lineor equation.

I ossumed the high 1970 census figure (see Toble 1.2.) of 6363 to
approximote K. The populotion is assumed to fluctuote around K
until it is reduced ertificiclly. The recovery ofter this reduc-
tion is derived os follows (refer to Toble 8.9.) : ofter the 1970
census of 6363, 1512 onimals were removed - this is the ortificiel
reduction. The populotion was thus reduced to 4851 for the yeor O
in 1971. The 1972 census figure wos 3509, but this had been reduced
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TABLE 8.%9. Tobulation of doto used in the estimotion of r,.
See text for explonotion of symbols.
11:mg|Er K-N
YEAR NUMBER K - N e
(= ¥)
(1971) 0 | 4851 1512 0,3117 | - 1,1658 0
(1972) 1 5185 1178 0,2272 - 1,4819 - 1,4819
(1973) 2 5405 958 0,1772 - 1,7305 - 3,4610
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by 1676 before the census. Compensoting for the removel, the
"true" 1972 figure would be 3509 + 1676 = 5185. Similorly, for
1973, "true" census = 3429 &+ 1676 + 300 (compensoting for 2 yeors
of removal). I hove calculoted the regression for the three ysors
only, owing to the inherent inoccurocy of there being no allowance
made for the contribution to productivity of those froctions which

hod been removed.

The regression formule is given by:

Iy = =ty - (=t) (Zy) [n
=t2 - (zt)2/n
n = 3, E = 3, E‘l'.i = 5§
=2 - (=)2 - s5.% _ 2
n
=y = -4,3782 Ety = -4,9429

sty - (=t)(=y)/, = -4,9429 + 4,3782 = -0,5647
s = Tg = -ﬂtﬁ"? = -0,2823

2
"W l'. = n;zﬂn

This volve of r is clearly very cpproximote, owing to the many
ossumptions ond opproximetions. The simplest model of sustoined-
yield horvesting (Coughley, 1972) shows that the harvest rate
should be holf r_ , when the density is to be mointoined ot obout
half that of cerrying copocity. For exomple, in a population of
1000 ot K, with r, = 20%, the M5Y (Moximum Sustoined Yield) will
be 50 (10% of 500) removed per yeor. At this harvesting rote,
the populotion should theoreticolly decline until it reoched 500,
where it would stobilise indefinitely. Applying this model to
the 1970 census figure, the harvest rote should be gﬁiggi of
Kfﬁ i.e. 14,11% of 3081

= 435 onimols.
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This figure is well below the actual figure removed, even ollowing
for the fact thot the volue for r, is probably excessively high.
Notal Parks Board policy hos not been based on an M3Y, but rather

on lowering what were considered to be overpopulations in certain
areas; nevertheless, if one wished to maintoin the populotion ot
gbout 3000 head, the removol figures have been excessive., Conse-
quently, gome removal may have been a foctor in cousing the negative

value for r, obtained from life tobles.

EIEI 4.
DISCUSSION ON REGULATION OF THE POPULATION

The 1976 wildebeest census figure in the Complex of 2689 wos almost
identical to that of 1974 (2687). No gome removal was undertaken
in 1974, 1975 or 1976. There ore severol foctors in regulotion
which worront studies of their own. In porticulor, one may only
speculote ot this stage on the effects of resource limitotion.
Sinclair (1975), from work on the Serengeti ecosystems, deduced that
resource limitotion alone could limit herbivore trophic levels.
Klein (1970) considered thot deer populotions in North Americo were
limited not by predotion but by o direct interoction with the
quantity ond quality of food,

The function of territoriolity in the regulotion of numbers was
originally considered to be an important factor (Wynne-Edwards,
1964). More recent work by Spinoge (1974) on woterbuck suggests
thot territorial behoviour is not the ultimote foctor regulating
population numbers. He writes: "In territorial studies we have
been rather corried owoy by the part of the mole ...... but it is
clearly the femole which must supply the clue to o limiting factor
to population increase, if there is such o factor, for she is
biologicolly more cctive." Previous higher rotes of increcse in

the Complex ot higher levels of numbers indicote thot territoriality



249,

is not a major factor limiting wildebeest populotions.

More concrete doto ore ovaileble on mortolity ond predotion.

Section 8.3.3, introduced some aspects of the effect of calf mor-
tality on the rote of incresse. Waotson ([1966) maintoins thot to
some extent the size ond structure of the existing population
reflects the various calf mortality fluctuotions of the previous

ten to twelve yeors. There is no doubt thaot colf mortelity was
high during the study peried (8.3.3.) - some 25% of the breeding
herds sampled by helicopter in August 1974 were without calves.

The rote of increase will be sensitive to the various density-
dependent mechanisims governing mortolity ond reproduction, in some
cases instontly so, and in other coses ofter o consideroble time

lag (Wotson, 1969). This time-log effect is porticularly notice-
oble when o low calf cohort is followed through sexvol moturity,
With respect to productivity, the importont increment is thot

number of females cble to conceive odded to the "breeding pool"

of the populaotion eoch year, Specifically in wildebeest, this is
the 2 - 3 year old age class. An estimote of the percentoge of
this oge-class in the populotion moy be orrived ot os follows:

In Febrvary 1974, it wos estimated thot "adult" femoles comprised
32,8% of the population (this includes 2 - 3 yeor olds), Pregnancy
rotes indicoted that 14% did not conceive i.e. 4,6%. Colves mode
up 22,8% of the population for that month. If one ossumes thot an
equivelent number of females three years ond older produced these
calves, then the octuval percentoge of such females would be 22,8 +
4,6 = 27,4%. By subtraction from 32,8%, the percentage of 2 - 3
year olds would be 5,4%. From Vincent's report (1965), disregording
o 1 : 1 adult sex ratio which he ossumed, and emploving conception
rates (91%) coleculoted from his data collected in 1967, I determined
by the saome method thot the femole 2 - 3 year old segment mode up
15,2% of the population. Errors in the method will be apparent:



250.

no allowonce is mode for colf morteality, but this will to some extent
be compensoted for by the faoct that no allowance is mode for the
contribution (olbeit small) to colf numbers from the 2 - 3 year old
oge closs itself, But os the some assumptions hove been mode for
both colculotions, ond since they are both based on dota collected at
the some month (but ot different yeors), it is considered that the
results are comporoble. If this is so, then over nine years the
vital 2 = 3 year old increment hos suffered o threefold decreose,
from 15,2% to 5,4%. Computerised populeotion models for wildebeest
in Kruger Park (Storfield, Smuts ond Shiell, 1974) indicoted that

the populetion decline could hove been precipitoted by cropping, in
thot the reserve breeding populotion wos removed. It is reasonoble
to suppose thot cropping coupled with increasing colf mortality were
mojor factors leoding to stebilisation of the Complex populaotion.

It is vnwise to base on estimate of colf mortolity on o single measure
of the colf crop towords the end of the yeor. Kruuk (1972) presents
doto to show thot almost oll voriotion in wildebeest calf production
(crop) in East Africo is coused by veriation in the fecundity of
yearlings., If fecundity vories to this extent in the Complex, then
it is essentiol to compare figures obtoined after the calving season
with those towards the end of the year, othervise o low calf crop

with low mortolity might be interpreted as an overoge crop with high
mortality.

Colf mortolity in the Complex is @ function of severol foctors which
require further reseorch; the problem is complicated by the speed ot
which predotors and scavengers remove any colf thot dies. In por-
ticular, the role played by hycena predation is uncleor. Estes (1976)
hos described how colf mortolity in Ngorongoro is o function of herd
size: those wildebeest aoccustomed to o more sedentory existence
suffered for greater mortality than those populations which tended to

form larger eggregations. In Ngorongore, wildebeest recruitment is
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of the saome order of maognitude as hyeena predation (Kruuk, 1972).
Figs. B.5. ond 8.6, compars the monthly patterns of recorded deoths
of wildebeest in the Complex ond Mkuzi Gome Reserve. Both orecs
show peaks ofter the calving season and ot the end of the dry seecson.
Both oreos contoin hyoeno, but only the Complex hos lion populotions.
The inference is that hyoena moy then be responsible for the post-
calving mortolity peok in the Complex, rother than lion. But
reference to Table 8.2, suggests that levels of calf mortality in
Mkuzi ore substantiolly lower than they ore in the Complex. If the
hyoena hypothesis is correct, then one must assume thot the stotus
of the hyoena populotions differs considerobly between the two oreos.
The whole question remoins uncleor, ond points towords an hyoena

research progreomme, ond possibly towords investigotion of diseose

foctors omongst calves.

Whatever the reosons, colf mortolity is cleorly o mojor foctor in

the current stobilisetion of the populatien. Preliminery work by
Melton (pers. comm.) on woterbuek in UGR olso suggests thet calf
survivol is cruciol to the decline thot thot populotion is presently
experiencing, The importont point is thot if juvenile mortality

is density - independent (os would be the case with hyaena predetion),
then high mortolity of pre-reproductives could well follow o poor

calving season, with extremely deleterious effects on the population.

Adult mortaolity is o further foctor thot must be considered, partic-
vlarly in the light of the comporotively recent impact of lion predo-
tion. Matural mortelity histogroms (Fig. 8.5.) are for onimals of
oll oges. Adult femoles aos well as calves contribute to the Jonuary
peck, os some edults die during perturition., The September peak
probobly results from loss of condition after the dry season; I
suggest thot the peck is more morked in HGR owing to the lower
temperotures recorded ot this time in HGR. Ferror ond Kerr {l??l}
found thot in Kyle Mational Park (Rhodesio) o drop in temperoture



Fig. 8.5. : Cumulotive monthly percentoges of notural decths

of wildebeest recorded over several yeors for
UGR and HGR.

Fig. B.6. : Cumulotive monthly percentoges of noturol deaths
of wildebesst recorded in Mkuzi Gome Reserve

from 1969 to 1974. Total number of deaths
recorded = 138.
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wos the trigger to mortality in reedbuck Redunco arundinum in poor

condition.

From 1961 to 1975 (excluding 1965-1968 and 1972 for HGR, for which
no records were to be found) the sex of enimals from noturol mortality
was recorded in 413 cases, in the rotio of 202 dY' to 211 99.

Thare is no significant bies towards either sex (Chi-squored test;
p>0,5). This rotio differs morkedly from the observed live sex
rotio of 67 &' ; 100 8 (p<0,001). A similar result was found
with skulls collected in the field (40 o : 32 %), in thot there
was no sexval biss (p>0,1), although the rotio differed signifi-
contly from the observed live sex ratio (p<0,001). It is possible
that differential rotes of destruction between skulls of males and
females may occcur, but I consider this unlikely. Horn sheaths may
well disappear differentially, but it is still possible in most
coses to determine sex from the size of the underlying bone.

Wotson (In : Kruuk, 1972) found that in the Serengeti 77,5% of the
field skulls were mole, which he ottributed to o higher rote of
destruction of female skulls. If this wos the cose in the Complex,
the recl rotio would be closer to pority, moking the deviotion from

observed live roties more puzzling.

The wildebeest is indisputobly on important prey species of lion in
Africo, olthough in some coses the selectivity is o measure of its
abundance (Wright, 1960; Kruuk and Turner, 1967; Hirst, 1969; and
Piengar, 196%a). Fig. B.7. differentiotes between predation and
other foctors in records of natural deaths from UGR.  (Lion kills
were recorded in HGR only in 1973). The 1969 histogrom has been
omitted, as the census figure for thet year was quite unrealistic.
The predation portion of the histogroms is lorgely due to lien
(95,1%). Predotion took place in the rotio of 91 o' : B4 % (of
those animals for which sex was recorded), again with no sex selec-

tion (p>0,5). OFf the gbove, 151 were lion kills in the rotio



The relotionship between noturel wildebeest
mortelity (for six consecutive yeors in UGR)
and populotion size. The helicopter census
figures in the top section of the figure are
for the Complex as o whole - no totol was
ovallable for 19/75. In the lower section,
mortality figures are expressed as o percentoge

of the UGR helicopter census results,
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79 & : 72 ¥ (no significont difference from o 1 : 1 ratio;
I}}ﬂ. EJI

Assuming thot there has been on equal efficiency in reporting game
deaths from yeor to yeor, then one may deduce from Fig. 8.7. thot
mortality, ond specifically predotion, has incregsed with o decreas-
ing population i.e. predotion oppeors to be density-independent.
Melton (pers. comm.) hos determined o Preference Index for lion
kills in the Complex from 1%70 to 1%75, vsing on odjustment for
populotion size for eight prey species. The generol trend over
this period shows o preference in this order: woterbuck, nyelo, kudu,
wildebeest, warthog/zebro, buffalo, and impala. Dete collected

by Smuts (1975b) indicote that in the Kruger Metional Park, predotion
pressure by lions hos recently shifted from one group of species to
another. This may be reloted to o chonge in vulnerability of one
grouvp of prey enimols, possibly on account of increcse in gross
cover. In the Centraol District of Kruger, Smuts (ibid.) colculoted
that the rate of lion predation wos sufficient to stabilise the
wildebeest populotion. In this orea, lion density was 12,7 per
100kn? (0ll oges), and 9,0 per 100km2 (for adults ond sub-odults
unly].

Anderson (pers. comm.) hos provided estimates of lion numbers in
UGR and the Complex, From these figures, I colculoted thot in the
last quarter of 1975 there were 16 lions of oll cges per 100 m2

in UGR, After lion reduction by shooting, the density in October
1974 for UGR gnd the §. Corridor wos 10,2 nnimuls;"’lﬂﬂkmE (6 odults
+ subodulte/100kn?),  These figures ore very similar to the Kruger
situgtion, where stability of the wildebeest populotion wos being

meintoined.

It is certoin thot some percentage of naturecl mortolity returns
(see Fig. B.7.) recorded oz "couse of deoth unknown" results from

predotion. The extent of hyceno predation on adults is o further
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unknown., Hirst (1969) recorded odult wildebeest as hynena prey in
the Tronsvaal, and Kruuk (1972) considers the hyoeno to be eminently
suitoble for a role of adjusting ungulote numbers to ronge conditions
without lorge fluctuotions in numbers, os ony animal in poor condi-

tion would be cropped.

In the preporotion of survivorship curves, I have considered aodults
only, as calf mortelity is so veriable., Fig. 8.8, compores curves
for adult males ond females, based on skulls found in the field -
the 1, values hove been derived from a time-specific life table.

I have used Vincent's 1967 shot somple os a further compaorisen,
because his male somple oppeared less biaosed thot mine: the results
are presented in Fig., 8.%.. In both coses, femoles tend to live
longer, similagr to the situotion in impala (Jarman and Jorman, 1973).
Caughley (1966) states thot we do not know enough about mortality
patterns to justify the construction of any system of clossification,
but the generolly "convex" pottern is disturbed in Fig. 8.9, by o
lowered plane of mortolity between obout seven and twelve years in
both sexes. This could well be o reflection of the use of subjec-
tive oge closses bosed on weor employed by Vincent, os described
earlier, and probobly does not relote to a significant ecological

phenomenon.

8.4,
CHAPTER SUMMARY

Dato on vorious porameters of populotion structure were collected ond
compored with these from other wildebeest populotions in Africa. The
differential sex rotic was found to generally ogree with rotios from
other populotions: it was surmised thot early mole-biesed culling had
been bolanced by game copture operaotions which concentroted on breed-
ing herds. Breeding herds were significantly lorger during the wet

seoson, ond were unstable in terms of membership.



Fig. 8.8B. = Survivorship curves for adults besed on skulls

collected in the field.

Fig. 8.9, : Svurvivorship curves for cdults baosed on shot
sample collected by Vincent (pers. comm.) in
1967.
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Seasonol chonges in the percentoge of territoriol moles provided
further evidence thot the species experiences o secondory breeding
peok. The significance of territoriol behoviour, ond its deviotion
in the Complex from published findings, is discussed.

Populotion models were constructed from life tobles bosed on shot
samples. The proboble moximum potentiol rote of increase of the
Complex wildebeest populotion was determined os 8% per annum, but
during the study period the population wos estimoted to be decreos-
ing by 3,8% per annum. By varying life table parameters (chiefly
mortality), results suggested that the population would decresse ot
levels of colf mortality exceeding 50%. Calf mortolity during the
study period moy have been os high as 70%. Secondory foctors in
the stobilisotion and decline of the populotion oppeared to resuvlt

from o combination of the gome removal progromme aond an increesing

lion populotion.

Twe sets of survivership curves were constructed, the one baosed on

o shot somple, ond the other on skvlls found in the field.
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CHAPTER ¢

MANAGEMENT CONSIDERATIONS

?.1.
THE NECESSITY FOR MANAGEMENT

Management of wildlife oreos becomes essentiol where such orecs aore
considered aos vignettes of the post, and where all surrounding land
hos undergone ecologicel degrodation (Marris ond Fowler, 1975;
Dasmann, 1976). This situotion is porticulerly marked in the
Complex, where the size precludes the possibilty of the oreo func-
tioning os a self-contained ecologicel unit., Some ottempt must be
made to channel or limit ecoclogical processes within the fromework

set by the manogement oims laid down for the orec.

glzi
THE AIMS OF MANAGEMENT

The primory oim of monogement {as set out in the HGR monogement plun}
is: "to mointein as neorly as possible those conditions which are
likely to have prevoiled within the reserve before mon substontiolly

modified it; olso to preserve the culturol and historical velues

associoted with the reserve".
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With respect to wildlife, the gim is "to mointain, modify aend/or
improve (where necessary) the hobitet diversity presently found in
the area and thus ensure the perpetuation ond noturcl existence of

oll species of founo ond flere indigenous to the procloimed area".

2.3,
PRIMARY CONSIDERATIONS FOR WILDEBEEST

In the light of both clouses obove, the primory considerotion with
respect to wildebeest monogement is the maintenance of suitaoble
hobitot both for wildebeest and for other species, leoding in turn
to considerotions of the levels at which the populotion should be

maintoined,

The notoriously difficult question of “corrying copoeity" ond
"stocking rote” orises from the extreme complexity of the interoc-
tions between the food requirements of different populations and the
food supply of the hobitat. 1In o wildlife context, carrying :npé:lty
moy be regorded os the moxisum stocking rote which the habitot can

support in the long ters without habitot deteriorution. This differs

from the ogriculturol concept, where in some circles corrying capocity

is held to be thot stocking rote providing the moximum sustained yleld.

In 1974, the stocking rote for the Complex wos 33,4 ha per wildebeest.
Using the meon moss of one wildebeest derived in Chapter 4 (174,05kg),
the 1974 census figure of 2687 wos equivolent to o biomoss of 4,97 kg/
ho, Broack (1973) crrived ot o value of 69 ha per wildebeest for the
Central District of the Kruger Park, which wos reduced to 48,3 when

considering only those oreos vtilised by wildebeest. In the Complex,
concentrotions of wildebeest moy reduce the oreo oveoiloble to values

in the order of 8 ho per wildebeest (Seme Flots, HGR, 1974).

Generally, comparative figures of density or biomoss for o single

species moy be of little volue, in thot considerotion is not given
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to the interoctions with other populations. An oppreach in over-
coming this ond other problems in colculoting stocking rotes is to
estimate the relotive energy requirements of various species so as

to equote species of differing size (Mentis and Duke, 1976). The
results ore expressed in Animal Units (AU) per hectore. With

overage range conditions, AU should be apportioned between unselective
grazers, selective grozers and browsers in o fairly fixed raotie.

This may be in the order of: 40% unselective grozers, 40% selective
grazers, and 20% browsers (Mentis, 1976). Mentis and Duke [i&iﬂ.}
hove provided foctors for the conversion of absolute numbers of
different species into AU, thus enabling one to ossign desired num-
bers for each species under consideraotion. Using dote from Mentis
(pers. comm.), I hove estimoted thot during the study period the
stocking rote (expressed in AU/he) in the Complex was roughly in the
following proportions: 35% unselective grozers, 55% selective grazers,
ond 10% browsers. There is increasing justification (Mentis, pers.
comm.) for being conservotive about the percentaoge of selective
grozers; game removal in the Complex should consequently be directed
towards the selective grazing component, in porticular impals,
wildebeest ond worthog. Mentis (pers. comm.) considers that a stock-
ing raote of 1AU/7,2 ha is permissible in the Complex (for oll ungu-
lates considered together), but thot the total biomoss should be main-
toined belaw this level (aos it is ot present) on account of habitat
deteriorotion and the :Jnd!sirubly high contribution of selective
GQrozers, In oddition, nutritional crises are unlikely when a popu-

lotion's demand for food is belew the level where thot demand might

tox supply by the habitet.

Although the obove suggests that o reduction of the wildebeest popu-
lation is justified, there are other foctors which indicote that re-
moval of wildebeest in the Complex should not be undertaken at present.

Chopter 8 suggested thot notural regulation of the populetion haod
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token ploce over the lost few yeors. The fact thot regulotion is

occurring ot populotion levels well below former figures implies that
the regulating factor [or factors) have only very recently (in terms
of monogement history) come into operotion, or that the megnitude of

operotion of this faoctor has undergone o sudden increase.

It is consequently recommended thot the populotion be monitored core-
fully before it is subjected to any further removal. Smuts (1975b)
has shown thot once wildebeest populotions reach a certain critical
low level, they are unoble to ebsorb normol rotes of predation, ond
will continue to decline until predation pressure is reduced. It is
inodvisable te cull o populotion which is experiencing high levels of
calf mortality; in ottempting to reduce the population to a desired
level under such circumstonces one must guord ogoinst the possibility
of o population crash. It is suggested thot:

o) colf mortality in particulor be monitored, by methods outlined
in Chapter 8.;

h} selected tissuves ond orgons (as odvised by o veterinarion) be
removed from colves found deod in the field,for the investigotion
of pathogens;

€) the hyceno reseorch progromme be regorded os o prierity, perticu-
lor in regord to predotion on colves of oll species;

d) an onnval check be mode on the Preference Indices of lion, in
order to oscertoin whether predotion pressure on odults is in-

creosing in o populotion olreody suffering high colf mortolity.

?I ‘I
SECONDARY CONSIDERATIONS FOR WILDEBEEST

Those manogement recommendotions unreleted to reduction of the popula-

tion moy be regorded os secondary.

Attention should be directed towords the encroochment of Themedo

triondra grosslond by Acocie coffre scrub. Consideraoble attention
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hos been poid te the problem of scrub encroochment in mony parts of

Africo, ond it is not the ploce here te odvocate methods of scrub

eradication. The A. caffro/T. triondro hobitet in UGR wes found
(Chapter 7 ) to be of importance to the wildebeest despite its smoll

area. Dther encrooching species (e.g. Evclen schimperi, E. divinorum,

Moytenus senegalensis, ond Dichrostochys cinerep) ore recognised os o

problem in the Complex; these species olso ploy o role in the reduction
of desired wildebeest habitat. Caoution should be exercised in the
reduction of buffaleo populotions, as the grozing ond trompling pressure
of this species is o mojor noturel factor in the production and main-
tenonce of Favouroble postures. Advice should be obtained from
person: experienced in elephant feeding behaviour and habitet interoc-
tions in order to aossess the proboble effects of introducing elephant
into the Complex (this ossumes ob initio that fencing is odequote).

Localised overgrozing is o problem which moy be opprooched without
resorting to resoval, perticularly as it wes found during this study
thot culling hod little effect on inducing movement owoy from o fovoured
orea. Consistently high numbers of wildebeest were ossocioted with
Dengezi hill and its environs in UGR during the study period; contin-

vous ¢cvlling in the aoreo served only to moke the onimols horder to

shoot.

Ayeni (1975) has shown thot the provision of woterholes may be used
os o monogement tool to distribute wildlife more evenly. Water
avaoilobility is o cruciol porometer in determining corrying copocity
(Western, 1975)., It is suggested thot consideration be given to the
provision of ortificiol voter sources during the dry season, particu-
lorly in the Corridor. This step should not be token unless it forms
part of o reseorch project, for Weir (1970) hos documented the diver-
sity of effects which moy result from the creotion of odditional woter

supplies. The reoctions of both onimal populations and habitat are
unpredictoble in this regord.
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In some respects, the mejor ecologicel monagement problem of the
Complex is one of onimol movement rother thon overstocking. A more
direct approoch thon the provision of artificicl woter supplies is
the tronslocotion of herds from overgrored areos to underutilised
terrain., The results to dote from the wildebeest tallﬁr—rlsighting
progromme suggest thot such o mecsure moy be employed on o seasonol
bosis only i.,e. there is o tendency to return to the original copture
site, but the time token for the return maoy be sufficient to ollow

protection to oreos from overgrozing ot critical periods.

2.5,
GAME REMOVAL PROCEDURE

This section discusses some opprooches that may be undertaken when

it is considered desiroble to re-instote game control for wildebeest.

?lslll
REMOVAL SOLELY TO REDUCE BIOMASS OR TO DECREASE RATE OF INCREASE

Before initioting o cropping progromme, it is essenticl thaot some
estimote of the current rote of increase be arrived ot. No cropping
should be undertoken if the estimote of r is negative. Storfield,
Smuts ond Shiell (1976) hove shown the possibly drostic effects of
cropping o decreasing wildebeest population. Should cropping be
undertoken in a stationory or increasing populotion, it is recommended
thot the stotus of the populotion be monitored ot intervals not exceed-
ing one yeor. Seuts (1975b) maintoins that should it be necessary to
crop wildebeest drasticolly during times of drought, then concomitant
predotor cropping should be undertoken, irrespective of their numbers
ot the time. In the obsence of computer simulation, on estimote of
the rote of exploitation necessory to stobilise the populetion may be
arrived at by squating femole mortolity with the onnuol femole re-
cruitment (Kimball and Wolfe, 1974). The vorious contributory
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components of totol annual mortolity ere not directly additive, but
correspond to the following relationship (Ricker, 1958, quoted by
Kimball ond Welfe, ibid.):

a m o4+ n = mMmA

where a = total onnwal mortolity rote
m = cropping mortality

n = other mortality.

Solving for m will provide the required theoreticol rote of horvesting.
In order to orrive at on estimote of n, it is suggested thaot the
collection of field skulls be continued in order to determine whether
femole mortality rotes olter rodicolly from the potterns shown in
Chapter 8. Ropid age determinotien from the tooth weor-oge chart
(Fig. 3.6.) will allew construction of a d, bosed life toble, ond

hence mortality rotes.

The selection of sex and age in harvesting is o motter of some conjec-
ture; the effects of ony porticulor policy con be resclved only by
computer simulation. The functions of the male segment have been
discussed in Chopter 8, ond there ore grounds for protecting terri-
toriol moles to preserve genetic viobility. However, the fact thot
the sex rotio of wildebeest in the Complex does not appear to deviote
morkedly in fovour of females when compored to other populations
(Table 8.4.) after yeors of male-biassed culling, suggests that mole-
biased culling has not been overtly deleterious to the population.
Further, the rapidity with which moles may leove bochelor herds to set
vp territories after roinfoll (Fig. 8.2.) indicotes that the bochelor
herd segment of the populotion functions in an efficient manner as a
reservoir of territorial males. If possible, selection for culling
should not heovily fovour either sex. Alternatively, different sexes
could be selected in different years (Wolters ond Bandy, 1972). It
is dubious whether selection should be oimed ot the most productive

segment of the population (2 - 3 yeor old femoles), os has previously



been recommended on occasions (Notol Porks Board Files) in the
Complex, ot this policy may offect the population's oge structure
adversely for many yeors after. Rother, offtake should be distri-
buted among the seporote subunits of the population.

?1 512-
REMOVAL ON A SUSTAINED-YIELD BASIS

Dasmann (1976) hos pointed out that those who are most offected by the
presence of o proclaimed oren must fully shore in its benefits, other-
wise they will owoit the change of government permitting deproclomo-
tion, This premise is porticuleorly pertinent to the Complex, which
lies in on orea demorcoted by the South Africon government as o home-
lond (KwoZulu).

Should the wildebeest population ottain o stotus vhere its viability
worronts cropping on o sustoined-yield basis, then proviszion should
be mode to morket the yield locelly, Cleorly, this would involve
major changes in the moncgement cims for the Complex (9.2.), but this
moy become imperotive in the light of politicel developments.

The simplest model of sustoined yield likely to opproximete cropping
of large mommols ossumes thot the populotion, if reduced to o very
low density, would climb bock to corrying copocity olong o logistic
curve (Coughley, 1972a). The moximum sustoined yield (MSY) is
horvestied from o density corresponding to the steepest part of the

curve. A rondom crop with respect to sex ond oge is then given by:

MY = $r ., K
(symbols defined in Chopter 8.)

Caughley (1972a, 1972) hos outlined the optimal strotegies in horvest-
ing specific oge closses ond sexes., Sex-selective horvesting of
moles moy olmost double the MSY cbtained unselectively. Beddington
(1974) provides o bosic model to investigate which oge groups to
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crop, ond whot sex ratio to oim for. His model suggests thot, for
both sexes, twe cge closses ot the most should be horvested; the one
group should be portially cropped and the other completely removed.

Maoximum productivity can be realised by considering the time of harvest-
ing os well: disturbonce during the rut should be reduced os much os
possible, os stress may offect both conception ond implaontotion
(Skinner, Von Zyl ond Oaotes, 1974). Clearly, the populetion should
not be culled during the calving season, as this moy induce obortions.
In terms of meot productivity, the optimal oge to cull would be ot

about the end of the first yeor. Culling need not be onnuel, os
Wolters ond Bandy (1972) have shown how higher yields moy be obtoined

by harvesting once every severol yeaors.

An additional source of income would occcrve from the involvement of
safori clients in o culling progromme. Provided this sphere of
culling is closely supervised and restricted to certoin areas (e.g.
the Corridor), there is no reason why the wildebeest should not be
regarded os o trophy resource. Good "heods"™ in wildebeest appear teo
be the result of genotype ond not longevity. Spinoge (196%9g) roises
the problem of the continued removel of onimols with horns in the
trophy category. Asymptotic horn spread in males is attoined at
obout 3,5 yeors, ond the bosol circumference asymptote obout o yeor
later (both theze porometers contribute directly to whot constitutes
a desired "head"). If oll "big heads” ore selectively removed from
on area, ond further "big heods" are shot os they ore recruited

(i.e. when they reach about 4,5 years), then they will be unlikely

to hove possed on the genotype unless it is o recurrent mutotion.
Spinoge [ggig.} suggests thot oll mondibles from trephy hunting be
submitted to research stoff so os to monitor the ages of animols so
removed, If too many young onimols ore being shot, then trophy
hunting should be restricted for severol yeors to ollow young onimals

to poss into full territoriel stotus, in order that the genotype may

be continued.



265.

glﬁl
CONCLUSIONS ON MANAGEMENT

Since 1973, gome removel hos been confined to removal oreas (Porter,
1976). Removel oreos ore mopped on the basis of veld ossessments,
ond constitute those oreos with degroded or deterioroting hobitat.
Expected incrementol rotes ore opplied to the census figures derived
from a helicopter census undertoken in lote winter, thus providing
boses for "guesstimotes” of animal removel rates. This procedure
hos been somewhot focilitoted by Porter's (1975) findings (substan-
tioted by this study) thot the moximum stonding crop of gross occurs
between mid-Februcry ond Moy ofter good roins. This ecllows NPB staff
to orrive ot o decision (usuelly before Ap;il] as to whether the
standing crop is odeguate for specific populations for the following
six months. Porter (1975) odvises thot, should the stonding crep
be considered inodegqucte, gome removol should toke pleoce early in

the copture season to minimise losses of animols in poor condition.

Despite occumuloting biologicol dote, monagement procedures ore still
essentiolly on o tricl-ond-error basis. To obtain real insight inte
monagement of ony species, o computer systems model is essentiol.

One requires onswers to the following question: "How would o situation
that presently exists be altered if we modified the mechanism of popu-
latien reguletion within ronges of vaolues thot we know from other
studies ore realistic?" (Watt, 1968; itolics mine). I consider thot

we presently hove sufficient biological dete on the major mommels in

the Complex to consider simulation modelling.
The following points underline the need for computer simuletion:

a) single ond multiple species simulotion medels provide the enly
real method of predicting the effects of cropping under differ-
ent conditions (Smuts, 1975b). Offtokes of each species are
dependent not only on their own stending crop, but olse on those
of other species.



266,

b) the effects of predator cropping, or the cropping of prey species
in the cbsence of predotor control, con only be fully investi-

gated through simulotion.

e}  the complex task of ossigning stocking rotes would be greotly
focilitoted through simulotion. This study hos highlighted the
extreme similority in choice of st¥u:tu:u1 ospects of the herb
loyer aond of gross dietary components by severol species. Dote
of this nature covld be incorporated with models of varying

ratios of selective grozers, unselective grozers, ond browsers.

P15¢l¢
MANAGEMENT IN PERSPECTIVE

It connot be overemphasized thot the problem of exponentiolly increas-
ing human populations in the foce of finite resources connot be
countered by incrensing the officiency of utilisotion of these re-
sources. No omount of efficiency in resource monogement will ever
cater for the needs of Kwolulu (or for the needs of humonity) unless
such monagement ond exploitotion coincides with on immediote ond

continuing progromme of humon populotion control.
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THESIS  SUMMARY

Justificotion exists for the conservotion of wildlife on both econ-
omic ond ecological grounds, but the limited oreos of gome reserves
demond thot species within such oreos be managed on a scientific bosis.

To bose manogement of blue wildebeest (Connochoetes taurinus tourinus)

populotions in the Umfolozi Reserve - Corridor - Hluhluwe Reserve
Complex on scientific grounds, doto were collected in the field for

two years from 1973,

Determination of oge is o pre-requisite for ony mommeclion investigo-
tion into reproducticn ond population ecolegy. A tooth eruption
calendar was arrived ot to provide o reliable method of oge deter-
minotion for wildebeest up to 3,5 yeors, In adult animals, the
cementum loyers in the teeth were used to determine oge; the changes
in molariform infundibular patterns were reloted to "cementum oge"

to provide an oge-wear chart, which wos considered odequaote for life-
toble doto.

Moss ond measurement doto were incorporoted into growth curves ond
equotions, based on the growth theory of Von Bertalanffy (1938).

In this monner, the oge of ottoinment of the asymptotic valuve for
specific morphometric porometers were determined. Such information

is of use in the cropping of wildebeest on an economic basis.

Seasonol chonges in wildebeest condition were investigoted using the
Kidney Fat Index (KFI) and the percentoge of fot in the bone morrow.
The interpretaotion of KFI velves wos found to be complicoted by the
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foct thot kidney moss itself showed significant seocsonal voriation.
Bone merrow fot wos mobilised only ofter body fot, and significont

marrow fot mobilisotion probobly eecurred only in females.

Reproduction in the femole was discussed with an emphasis en ovarian
relotionships. By using foetol moss dota, the peok of the rut wos
found to be in April, ond the porturition peak in December. Abnor-
mally high rainfoll preceding the rut moy cause this event to occur
eorlier in the year. Ewvidence wos presented to suggest thot ouvt-of-
season calves were conceived over o specific period, and that such
conceptions might occur in yeorlings which hod foiled io conceive at

the "true" rut in April.

In the mole, onset of spermotogenesis occurred at obout twe years of
oge, when the meon testis moss wos obout 20g, the seminiferous tubule
diameter obout 1146 um, and body moss about 160kg. At least 2,5 yeors
elopsed between the initietien of spermotogenesis ond active breeding.
Despite the foct thot seasonal chonges took ploce in testis moss,
epididymol moss ond tubule diometer, both spermotogenesis ond concep-
tions took ploce ot seasonol "lows," Some doubt wos cast on whether
the mole wildebeest (in addition to other unguletes) experiences a
true sexvol cycle, os the seosonol chonges in reproductive orgons may

be related merely to nutrition.

Acocia nigrescens woodlond wos found te be the habitot of choice in

Unfolozi Gome Reserve (UGR). There were indicotions of sessonal
resource distribution between wildebeest sociol groups within this
hobitat. Anolysis of gross structural components from rumen con-
tents reveocled similar results for both wildebeest ond buffalo, and
the implicotions of these results were discussed in terms of dietary

competition.

A multivoriote discriminont function anolysis wos performed on some
habitot variobles which were considered importont in the ecolegicaol

separation of wildebeest, white rhino, zebre ond buffalo. The mean
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height of the herb loyer was found to be thot vorioble with moximum
discriminotory powers. Only buffolo showed significont ecologicol
separotion determined in this monner, possibly becouse overlop in
ecological requirements of the other three species did not taoke

spotiol seporation into occount.

It wos suggested thot the grezing succession in UGR was more complex
than thot described from Eost Africe, ond thot the sequence of ungu-

laotes in the succession was not olwoys predictoble.

Wildebeest populations in the Complex were found to be relotively

sedentary, with little seasonol differences in distribution.

Doto on vorious porameters of populotion structure were collected

and compared with those from other wildebeest populeotions in Africe.
Breeding herds were significontly lorger during the wet season, aond
were unstable in terms of membership. Seasonol chonges in the per-
centage of territoriol moles provided further evidence that the
species experiences o secondary breeding peok. The significonce of
territoriel behoviour, ond its deviotion in the Complex from published

findings, was discussed.

Populotion models were constructed from life-teobles bosed on shot
samples. Duripg the study peried, the populotion wos estimoted to
be experiencing o rote of decrease in the order of 3,8% per onnum.
By varying life-tohle porometers (chiefly age-specific mortality),
results suggested thot the population would decreose at levels of
calf mortality exceeding 50%. A figure of 70% for colf mortolity
was arrived ot during 1974. Two sets of survivorship curves werse

constructed, the one based on o shot sample, ond the other on skulls

found in the field.

Monogement recommendotions were bosed on the obove findings, and it
was suggested thot coreful monitoring of the populotien should taoke

ploce before the wildebeest populotion in the Complex is subjected
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to further culling or game copture. The impact of hyaena predation

on colf mortality requires further investigotion,

Encroachment of undesirable plont species onto fovoured wildebeest
habitot was discussed. Mention wos made of the possibility of
providing sources of ortificicl woter to combot problems of localised

overgrozing.

Recommendations were made on opproaches thot should be token when it
is considered desircble to re-instote gome control for wildebeest.
Two strotegies were described: the first for removal solely to reduce
biomoss or to decrecse the rote of increase, ond the second for re-

moval on a sustained-yield (i.e. economie) bosis.

The need for computer simulotion modelling for monagement purposes

was emphosized.
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APPENDIX 1 HISTOLOGICAL PROCESSING
EMBEDDING

STATION TIME

1. 50% aleohol 2 hours

2, 70% alcohol 2 hours

3. BOX olecohol 2 hours

4. 90% alecohol 2 hours

5. 95% aleohol 2 hours

6, 95% olcohol 2 hours

7. Absolute Alcohol 2 hours

8. Absolute Alcohol 3 hours

2. Xylene 2 hours

10. Xylene 2 hours

11,  Wox 2 hours

12, Wox 1 hour

13. Vecuum Infiltrotor 1 hour

STAINING

STATION TIME

1. Xylene 4,5 minutes
2. Absolute Alcohol 4,5 minutes
3. 90% Alcohel 4,5 minvtes
4. 70% Alcohol 4,5 minutes
5. Meyer's Hoemotoxylin 10 minuvtes
6. Water 3 minutes
7. Water 3 minutes
8. Alcohol Eosin 5 minutes
9. 70% Alcohol 5 minutes
10, 90% Alcohol 5 minutes
11. Absolute Alcohol 5 minutes
12. Xylene 5 minutes



APPENDIX 11 HISTOLOGICAL PROCESSING
EMBEDDING

STATION TIME

1. 70% Alcohol 3 hours
2, BOX Alcohol 2 hours
3. 90% Alcohol 2 hours
4. Absolute Alcohel 2 hours
5. Chloroform 1 hour

6, Chloroform 2 hours
7.  Wax 6 hours

STAINING

STATION TIME

1. Xylene 5 minutes
2. Absolute Alcohol 5 minutes
3. 90% Alcohol 5 minutes
4, 70% Alcohol 5 minutes
5. Hoemotoxylin 10 minutes
6. Woter 3 minutes
7 Water 3 minutes
8. Eoszsin 2 minutes
9. 70% Alcohol 5 minutes
10. 90% Alcohol 5 minutes
11. Absclute Alcohol 5 minutes
12, Xylene 5 minutes
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