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REPRODUCTION IN THE IMPALA (Aepyceros melampus
Lichtenstein), WITH PARTICULAR REFTRENCE TO
THE POPULATION IN MKUZI GAME RESERVE, ZULULAND,

by JOHN VINCENT.,

CHAPTER 1:

INTRODUCTION.

It has long been recognised that a knowledge of
reproductive processes is an essential prerequisite in the
management of animals, In the case of domestic animals
such a knowledge has been taken for granted in enabling
breedcers mogt efficiently and economically to produce
maximum yields under different conditions. This implies,
not only a foreknowledge of the mechanisms of reproduction,
but also of the effeets of varying environmental factors
on them,

Sadleir (1969) has very adequately reviewed the
ecology of reproduction in many mammals but, on account of
the comparative paucity of information on wild species, has
perforce had to concentrate to a very large extent on
domestic animals in order to formulate general principlecs
which may have an application elsewhere.

Leopold (1933) lists some of the reproductive
attributes of game animals which are important in understandi
their managcnment. His principles remain sound, and have
since been added to in the general upsurge of intcrest in all
aspects of the biology of large wild ungulates.

This interest has, in the past decade, centred very
largely around the wide range of specics in Africa, where an
awareness of the importance of herbivores in the overall
ecology of the continent was initially stimulated by the
conference of the Intcrnational Union for the Conservation of

Nature in Arusha in 1963,
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It goces without saying that a good deal of the efforts
of wildlife research workers in Africa today is concentrated
on studies on reproduction, simply because it is basic to
the understanding of population dynamics, on a thorough
knowledge of which are founded efficient management technique:
An excellent example of this is to be found in the work of
Watson (1969), who illustrates very clearly the application
of rceproductive rescarch in the management of the wildebcest
(Connochaetes taurinus). In deriving the paramcter *r®
(the intrinsic rate of natural increase) he very conciscly
sums up the important role of studies on reproduction when
he says, A knowledge of the mechanisms of rcproduction, both
behavioural and physiological, enables one to view with some
deorce of insight the changes wrought in ‘r' by natural and
man-madc environmental changes. A comprchensive under-
standing of reproduction would allow accurate precdiction and,
ultimately, control of the valuec of this paramcter,.®

It is important to note that Watson mentions both the
bechavioural and physiological approaches to studics on
rcecproduction. FPor management purposcs, a knowlcdge of
one is valucless without a knowledge of the other.

The prescnt study scts out to review the literature on
reproduction in African ungulates on a broad basis, with
particular emphasis upon that of the impala (one of the most
numcerous and widesprcad of African herbivores), and contribut
some original rcsults from a gtudy of an impala population
in Mkuzi Game Reserve in Natal,
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CHAPTER 2:

THE STUDY AREA,

2.1,

2.2.

Location.

Mkuzi Game Reserve is situatced in north-castern
Zululand, in the province of Natal, It is part of
the extensive southern extension of the Mocambigue
coastal plain, and has faunal and floral affinitics
with the tropical castern lowlands, as well as with
the more temperate zone of Zululand proper, Poynton
(1961) has shown that the floral and amphibian forms
arc still largely tropical in nature, whilst
Winterbottom (1962) has demonstrated that the birds
also have a similar affinity. However, because of
the comparative case with which more western and
southern forms may reach this southern portion of the
coastal plain, strong intrusions of less tropical forms
are cvident,

The reserve is bounded on the north and east by the
Mkuze river, The western boundary, situated in the
castern foothills of the Lebombo mountain range, is an
artificial one, whilst the southern boundary consists
of a small scasonal drainage line which feeds into a
large seasonal pan filled by the flooding of the Mkuze
river, South of the reserve, composed as it were of
a large "bite” into the reserve, and ecologically a
logical extension thercof, is an arca of State Land
known as Nxwala Estatc.

Mkuzi Game Reserve is approximately 24 300 ha, in
size, whilst Nxwala Estate compriscs a further 8 000 ha

Topography.

For the most part the reserve is comparatively
flat, particularly in the eastern sector. The central
region consists of thrce low ridges orientated in a
north~south dircction, whilst the western scctor,
situated in the Lebombo foothills, is fairly broken.
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The strcams arc all seasonal, and run mainly from west
to cast, while the few drainage lines in the central
and eastern parts run north-south or vice versa.

The Dagela strcam, comprising the southern boundary,
also runs castwards to join up with the Mkuze river
in the south~eastern corner of the rcscrve, after
passing through Nsumu pan.

Geology.
Most of the flatter parts of the reserve were,during
Cretaceous times, part of the sca bed, With the
recession of the coastline, the Crctacecous dcposits
have been covercd by recent sands, derived partly
from beach formation, and partly from the parent
material of the Lebombo range. In the north~ccontral
part of thec rcscrve, on a fairly high promontory
overlooking the Mkuze river, the Cretacceous beds lic

on the surfacc,

The Lcbombo mountains are of volcanic origin,
composed mainly of basalt, overlaid by a thick .
succession of rhyolite and pyroclastic material,

These latter rocks arce thought to have becn extruded
as lava through a scrics of dykes which are now filled
with rhyolitic breceia (Van Wyk, 1963).

Soils.

The dominant soil type throughout the rescrve is
sand, which varices considerably in structure from
area to arca. Pure sand, found in a central north~
south belt, changes through varying degreccs of loamy
sands to almost pure loam in thc west, and deep, dark
clayey alluvium along the river. The soils in the
foothills arc very stony, whilst those of the flood-
plain of the Mkuze river have becn derived from the
predominantly Karroo System sandstoncs, shales and
basalt of thce catchment arca,

Water,

The game rcscrve is almost devoid of any natural
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surface water in the dry months of the year - from
about May through September, whilst cven during the
rest of the year a great deal depends upon the
incidence of rain. The Mkuze river is very seasonal
in naturc, and has surface flow only after hcavy rain
in its catchment. There is however, a fair amount
of undcrground water movcement in the very decp, sandy
bed. All the strcams and drainage lines contain
flowing water only aftcr heavy rain, although odd
pools may pcrsist for a short while thercaftcr.

There is only one natural source of ncar-permancnt
water: 1t is a deep hole, known as Nkazeni, *
situated in the south-eastern corner of the resecrve,
which is fed by an underground strecan,. Even this
has been known to dry up. Surface pans are numerous,
and vary in size from the very cextensive Nsumu pan to
small ones, a few metres in diamcter, These latter
are found scattcred over the whole arca, and arc fillcd
only by rain. The larger oncs arce not far from the
river and are filled by overflow therefrom during
flood periods.

Two small pans in the centre of the reserve are
maintained artificially throughout the year for the
benefit of the animals and for the cnjoyment of
visitors,

2.6, Climate.

2.6.1e Rainfall. The rainfall in the reserve is influence
primarily by its location on the western cdge of the
coastal plain. The rain-bcaring southerly winds are
intercepted by the coastal dunes or by the Lebombo
range, so that there is a subtraction eastwards and
westwards of rainfall. Mkuzi therefore falls within
a rain shadow, and its erratic precipitation is
largely in the form of thunderstorms. The average
rainfall for the rescrve is about 700mm.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



6

2.6.2. Tempecrature. On account of its situation on
the southern cnd of the tropical coastal plain,
Mkuzi is subjected to high summer temperaturces. No
figures are available, but extrapolation from
nearby stations suggests a mean summcer (October -
March) temperature of 24,5°C, a mean winter (April -
September) tempcrature of 19,500, and a mean annual
temperature of about 22°¢,

2.6.3. Wind. The prevailing winds are northerly and
southerly, blowing in about cqual proportions
throughout the year.

2.7 Vegetation,

Generally speaking, the vegetation depcends upon
the topography, with variations according to soil
typcs.

In the Lebombo foothills the dominant vegetation
is characterised by Combrctum apiculatum as a
nedium-sized (5-7m) trce, in an open grasscd woodland,
with Themcda triandra the dominant grass. On the
lowecr slopes, and forming a belt around the bases
of the ridges, is an Acacia nigrescens association,

This cxtends castwards on some of the lower
foothills, and the grass cover is sparscr on account
of the apparcnt preference of game to usce this

Z0Nnec,

Along the strcams in the foothills is a narrow
strip of largely deciduous woodland, dominated by
such trees as Schotia brachypetala, Spirostachys
africana, and Acacia robusta. Where the strcams
converge on the flat, low-lying country, they tend
to opcn out and give rise to low-lying plains
composed of dark clay soils on which thc dominant
plants are Acacia lucdcritzii and Euclea divinorum.
The ground covcr in these arcas is very poor.
Stands of Acacia xanthophloca arc frequent and arc
associated with slightly elevated arcas with lcss
clayey, and prcsumably deepcr, soils.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



-7

Most of the flatter parts of the rcescrve consist
of mixed Acacia woodland, with A. nilotica most
frequent on the shallower, loamy soils of the central
pdrts, and A, tortilis on the dcepcr loamy soils of
the eastern parts, A large portion of the south-
cast is composed of a dense thicket of Acacia
luederitzii and Euclea spp., with occasional large
specimens of Spirostachys africana and Schotia
brachypctala.

The belt of pure sand in the centre of the rescrve
supports a finec stand of xeric sand forest in which

and Ptelcopsigs myrtifolia arc dominant. This gives
way, around the edges, to a marginal form of woodland
with congiderable local variation in composition, but
containing, intecr alia, such spccies as Spirostachys
africana, fAcacia burkei, £, grandicornuta, Combretum

molle, and Strychnos spp. Another sandveld
associction, found in the rcgion of the rest camp, and
south of the game~vicewing hides, is dominated by
Terminalia scricca, whilst other species prescnt arc
Combrctum molle, Zigyphus mucronata and Strychnos
spinosa.

A riparian fringe, varying in width from a fcw to
several hundred metres, is found along most of the
Mkuze river, The vecgetation herc is dominated by
Picus sycamorus, some of the trecs attaining cnormous
proportions, Other trecs present include Trichilia
ecmetica and Rauvolfia caffra, Generally there are
large spccinens of fcacia xanthophloea also present,
but thesec often form a fringe to the forest proper.

A dense tangle of lfcacia ataxacantha compriscs the
undcrgrowth to the riverine forest, whilst the most
characteristic climber is Combretum microphyllun,

Generally speaking, but with the possible exception
of parts of the scasonally flooded areas, and in the
foothills, the grass cover is poor. This is however,
largely a sccondary condition resulting from heavy
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grazing pressurcs in the past. Much of this has
improved in reccent years, although large arcas are
almost denuded of ground cover in the drier months,

Fauna.

The characteristic spcececies of large mammal in
Mkuzi is the impala, of which thcre are at present
(April, 1971) an estimated 10-12 000, This figure
is based on the rcsults of a census carried out by
helicopter in 1970, together with the estimated
recruitment during the 1970 breeding scason. (Natal
Parks Board, unpublished records.)

Other large mammal spccies prescnt, and estimates
of their populations, are:

Wildebcest Connochactes taurinus 2 500
Zebra Fquus burchelli 150
Nyala Tragelaphus angasi 1 500+
Kudu T, strepsiccros 500
Bushbuck T, scriptus Few
Black Rhinoceros Diceros bicornis 35
Square-~lippecd

Rhino Ceratotherium simun 8
Warthog Phacochoerus aethipicus 1 500
Recedbuck Redunca arundinum 250
Mountain

Reedbuck R, fulvorufula 25
Grey Duiker Sylvicapra grimmia Numecrous
Steenbok Raphiccrus campestris  Numerous
Giraffe Giraffa camelopardalis 30

Such a spcectrum is typical of the lowveld
habitats of southern Africa, particularly since it
is known that such spccies as elephant (Loxodonta

africang), buffalo (Syncerus caffer), roan

(Hippotragus cquinus), tsesscbe (Damaliscus lunatus),

and waterbuck (Xobus ellipsiprymnus), used to occur

in the past.

As has been mentioned beforc, the small mammals
of Mkuzi Game Rescrve have strong tropical
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affinities with clements of more temperate forms also
present, Thosc species which have becen rccorded from
the reserve have becn described by Dixon (1964).
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CHAPTER 3:

REPRODUCTION IN AFRICAN UNGULATES.

3.1. A bricf history of rcscarch,

Studics on the reproduction of African ungulatces
have shown an intcrcsting, but perhaps not
unexpccted, evolution from the comparatively crude
and simplc observations on mating bchaviour to
highly sophisticated laboratory, chcmical tcchniquces
aimed at the understanding of rcproductive
physiology. This evolution is typical of most
scicntific doctrines in which a high degrce of
specialisation in a particular topic is bcconing
cvident. It is symptomatic too of the ever-
increasing numbcers of wildlife rcscarch workers who
find it nccessary to cxpand on the basic facts
glcaned by non-gpecialists,. An examplc of such
unspecialised work is that of Stevenson-Hamilton
(1947), who covers a vast field of natural history,
but who also includcs many very pcrtincnt
ccological principles.

It is rcally only in thc last 10 ycars that
scicentists have recogniscd the potential of African
wildlifc as a sourcc of rescarch, and have begun to
cxploit its possibilitics. As broad bascs for such
rcscarch, the applied work of agricultural
scientists on domestic stock, and the rescarch on
Ancrican gamc animals in particular, have scrved as
very stable "launching pads®™ for the veritable
explosion of data coming out of Africa.

Onc of thc carlicst rceproductive studics on
GAfrican ungulatcs, and onc which showed a high
degrec of refincment, was that of Kcllas (1955)
on the dik-dik (Madoqua kirkii). Morc typical of

the rather naturalistic studies carried out in the
carly stages are thosc of Bourlierc and Verschuren
(1960) and of Brooks (1961), thc latter a specific
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study on the Thomson's gazelle (Gazella thomsonii).
All thesc works mention the scasonality or otherwise

of brceding in the various species, and the ages of
sexual maturity are quoted in cach case., Similarly,
Riney and Child (1960) describe seasonality in the
duiker (Sylvicapra grimmia) and cstablish the age of
‘sexual maturity., Their work may pcrhaps be

considered as the start of the morc spcecialiscd
studies on ungulatc reproduction. Other similar
studies on African ungulatcs may be found in Dasmann
and Mossman (1962a), Talbot and Talbot (1963),
Pairall (1968), and Brand (1963).

The next stage in reproductive studics was
initiated by Bucchner's (1961) discovery of the
phcnomenon of territoriality in Uganda kob (Adcnota _
kob)s This lcd to a spatec of rcscarch projccts
dirccted at understanding the spatial distribution of
individuals within populations. Such studies
included further work on kob (Leuthold, 1966), on
wildcbecest (Estecs, 1969), and on impala (Leuthold,
1970; Schenkel, 1966). This in turn producecd, as
"py-products", scveral works on mating and post-natal
behaviour (Kiley-Worthington, 1965; Bucchner and
Schlocth, 19653 Spinage,1969a).

The latest trend in reproductive studics was
initiated by Checatum (1949) in a study of fertility
in white-tailed dcer in Amcrica. The technique
described by him has since been uscd cxtensively both
in Amecrica (Golley, 1957; Morrison, 1960; Tccr
ct _al, 1965) and latterly in Africa.,  Ovarian
analysis in Africa has becen uscd in studics on
hippopotamus (Hippopotamus amphibius) (Lews and
Clough, 1966), on watcrbuck (Spinage,1969b), on
wildcbeest (Watson,1969), and on Uganda kob
(Buechner et al1,1966).

Apparently the first histological study on female
rcproductive orgons of an African ungulatc was that
of Kayanja (1969). Skinncr and Van 2yl (1970) and

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



=12

Skinner (1971) have carried out both histological

and histochemical studies on male reproductive organs
in an effort to understand the mechanism of the male
reproductive cycle.

Mentis (1970) has recently reviewed many of the
known life history phcnomena of African ungulates
pertinent to their productivity. Therefore the
following discussion will be limited largely to
aspects of reproductive biology not covered in his
revicw,

3.2, Behaviour,

The many aspects of behaviour associated with
breeding in African ungulatces have rceceived a good
deal of attention from the rather broader
considcrations of sociology to the detailed cthological
studics of pre~ and post-~coital displays cxhibited
by somc spcecics. These aspects will be briefly
covered under their various headings in the light of
information contained in the literaturec.

3e2ele Sociology in the non-territorial context.

As will shortly be shown, territorial behaviour
has some gencral functions in a fairly wide range of
species, but there are those animals in which this
form of organisation does not appear to be prevalent.

There is very little information in the
literature about non-territorial species, although
Robinette and Child (1964) simply state that in
lechwe (Kobus leche), no indications of territoriality
were found, although obscrvations were made in the

breeding scason, This may perhaps be considered
somewhat anomalous if bchaviour is any indication of
taxonomic rclationships, as has becen suggested by
Estes (pecrs. comm, ), Territorial behaviour has been
obscrved in an animal belonging to the same genus,
namely the watorbuck (Kobus defassa and K.

ellipsiprymnus).
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Klingel (1969) describes the social organisation of
the zebra (Equus burchelli) in terms of family units
containing one adult male. If the viewpoint of
Schenkel (1969) is to be accepted, this may in Ffact be
a form of territoriality in that the male defends 1
mobile territory dependent on the presence of the

females,

Other than this evidence, one can but speculate
on what other species may not be territorial, and
in this category must be placed such ungulates as the
elephant, hippopotamus, warthog and the giraffe. None
of these has, as far as is known, been studied from
the sociological point of view.

3¢2:¢2e Territoriality,

The phenomenon of territoriality amongst
African ungulates has been shown to be far more
widespread than was at first supposed, and the
sociological advantages of this habit are possibly
closely bound to the need for an orderly pattern
amongst individuals in a population. It ensures a
minimum of intraspecific fighting by means of highly
specialised ritualistic displays. This in turn is
probably a survival mechanism,

However, the chief function of territoriality
is probably related to breeding. Bstes (1969) points
out that in several northern temperate ungulates,
territorial behaviour is limited to the rutting season,
ce2, red decer, In most of the East African ungulates
which exhibit territoriality, with the exception of
the wildebeest, there is no marked rutting or breeding
season, BEstes (ope.cit.) also goes on to say that all
these species, including wildebeest, are territorial
throughout the year, This coincides with year-round
breeding recorded in many specics, e.ges Thomson's
gazelle (Brooks, 1961; Hvidberg-Hansen,1970), Uganda
kob (Buechner,1963), and impala (Kayanja,1969;
Leuthold,1970), The reason for the anomaly displayed
by wildcbeest is not clear, although it may
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be related to the fact that there appear to be no
cyclical changces in testicular activity as manifest
in testis weights (Watson, 1969). Nevertheless it
remains truc to.say that territoriality is most
closely related to breeding.

Hvidberg~-Hansen (1970) has shown that, although
Thomson's gazelles show spermatogenesis at a fairly
early age, the males do not take part in the breeding
until much later, The onset of active reproductive
behaviour coincides with the attainment of full
physical maturity. It is at this time too that the
first overt signs of territoriality are displayced.
Similerly, Buechner et al. (1966) have noted that,
although spermatogenesis may occur in the Uganda kob
at 14 months of age, the minimum effective brceding
age is about 3% years. They go on to say, "Only
when a male has established himsclf firmly in the
territorial system, can he contribute successfully
to the reproduction of the spccics.™

The cstablishment of territorics is often preceded
by a good decal of fighting amongst contending males,
but in many specics, the incidcnce of such fighting
is rcduced by the development of claborate rituals,
such as have bcen described for wildebeest by Estes
(1969).

What now of thc strictly seasonally brceeding African
ungulates, such as the many that arc to be found in
southern Africa? This phenomenon is rccorded in the
carlicst biological writings, such as that of
Stevenson-Hamilton (1947), and indeced, it is such a
notable and typical fcature of animals in this part
of the contincnt that no naturalist could fail to
obscrve it. Unfortunately, no detailed obscrvations
on breeding behaviour have becen noted, but certainly
pcersonal obscrvations on such spccies as wildebcecest
and impala (both sceasonal breeders) point to a marked
scasonal incidence of territorial behaviour.
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Corrclated with this is an apparcnt seasonal cycle in
testicular activity, as noted in impala by Anderson
(1965) and Skinner (1971), in the springbok
(Antidorcas marsupialis) by Skinner and Van 2yl (1970),
and in the wildebeest by Vincent (unpubl,) The pcak
of this activity coincides in cach case with the
presumed height of the mating scason., Skinner and
Van Zyl (1970) postulate that the seasonality is due
largely to the physiological status of the female,
However, this does not account for the synchronisation
of ovulation, and the possibility is here put forward
that the onsct of territorial bchaviour in males aets
as a stimulus to the synchronous, overt reproductive
reactions of the females in the form of ovulation.

Perhaps in confirmation of this theory is the
data presented by Kellas (1955) on the dik-~dik. In Bast
Lfrica this species is quoted as having two breeding
pcaks, correlated with two peaks in the activity of
the testes and male accessory glands. PFurther
confirmation comes from cvidence cited by Sadleir
(1969), quoting authors who had worked on experimental
populations of domcstic shecp, goats and cattle. In
these animals, the merc introduction of males brought
on a synchronous ocstrous in the fcemales, Watson and
Radford (1960 ~ quotcd in Sadleir, op.cit.) went
further to show that the mere sound and smecll of rams
was sufficicnt to cause synchronization of oestrous
in cwes.

It is obviously difficult to apply such
experimental methods to natural populations of wild
animals, but not improbable to assumc that some similar
psychosomatic influcnce could affcect synchrony in
ovulation through behaviour patterns associated with

territorial bchaviour,

3¢2.3. Prec—coital behaviour.

In many species, an elaborate ritual of
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pre-copulatory displays is cvident. Thesc have becn
most intcnsively studied in the Uganda kob (Buechner
and Schlocth, 1965), in the waterbuck (Spinage,1969a
and Kiley-Worthington, 1965), and in the rcedbuck

(Redunca arundinum) (Jungius, 1970). In gencral,

these displays appcar to be nmutually exciting on the
part of both malc and female, and to synchronise the
actual mating with the period of maximum reccptivity

in the female,

Insufficiently detailcd work has becn carricd
out on most spccies for any significant trends to have
cmerged, but it is possible that futurc studics will
reveal similar behaviour patterns, or at least
similarly oricntated pattcrns, in other spccies as well.

3¢.244. _Post-coital behaviour,

The only specics in which this phase of mating
has been carcfully documcnted is the Uganda kob
(Bucchner and Schloeth,1965), but this may possibly
be becausc it is most obvious in this animal, and is
cxplained by these authors as being a consequcnce of
the very highly developed form of territoriality.

Buechner and Schloeth (1965) make comparisons
of the Uganda kob's display rituals with those of
other specics. They qualify thesc comparisons by
adding that insufficicnt is known of the mating
ceremonics of other antelope in Africa.

It would secm that, in view of the basic
similaritics of the display elemcnts in many species,
there may be rcason to expect that phylogenctic
similaritics will be demonstrated following comparisons

once more is known,

3.2.5. Behaviour during parturition.

During this phase of reproduction, thcrc are
definite patterns which have cmerged from obscrvations
on a fairly widc range of specics, and it becomes
nccessary to subdivide the phase furthers
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3.2.5.1, Pre-parturition. In the very strongly
gregarious spceics such as wildebecest (Watson,1969),

females remain together in herds, to such an cxtent
that calving barcly intcrrupts their social
organisation, Watson (1969) specculates that
labour in a group of females may be psychosomatically
inducecd by its advent in onc of the individuals,
giving this as a possiblce cexplanation of the
synchronous calving within the group. In this
specices, such a phenomcnon may have a survival
valuc on the principle that "there is safety in
nunbers", On the other hand, he suggests that
this could also be on account of a prior "sorting
out™ of cows at thc same stage of pregnhancy into

AToups.

Most species however, beccome solitary at the
time of parturition and females lcave the herds
temporarily in order to give birth. This has
been obscrved in watcrbuck (Spinage, 1969a), in
the rcedbuck (Jungius, 1970), in the Grant's
gazclle (Gazella granti) (Walther, 1965), and
in the impala (Schenkel, 1966a). It probably also
occurs in many other spccics, but has not yet becn
docuncnted. The rcedbuck, although not strictly
gregarious, ncvertheless moves to a secluded spot
in the home range in order to give birth (Jungius,
1970).

3¢245¢2¢ _Parturition. This has not often been
described for wild animals, and it is perhaps
significant that, bceausc of its habits, the
wildcebeest is probably the spccics in which it has
been most commonly obscrved. Talbot and Talbot
(1963), Estes (1964), and Watson (1969) all
describe this featurc, On the other hand,
Spinage (1969a), although scveral times sceing
ncew-born young, did not witness the actual birth

in watcerbuck,
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Probably the most likely cxplanation for this
dearth of rccords is that most species give birth
during thc hours of darkncss. This docs not appear
to have been documcented, but personal observations
of known groups of animals do indicatc such an
OCCuUrrcnce., Spinage (1969a) mentions that in
waterbuck most births scem to take place %in the

early morning®,

3626543 Post—parturition. In this phasc of breceding
there seem to be distinet trends, which are
associated with the habits of thc specics conccerned.
In highly grcgaorious spccics such as the wildebceest,

the young is mobile within minutes of birth, and
able to kecep up with the dam within hours (Talbot
and Talbot, 1963).

In thosc specics which arc gregarious, but which
secrcte themselves during parturition, the young
are not quite as prccocious, but arc usually quite
mobilc within onc or two days of birth. Into
this category would fall the giraffe, buffalo and
gazellese. The former two have been personally
observed in company with adult fcmalcs in the herds
at obviously very young 2zcs.

Finally therc arc thoscec animals which have the
habit of scereting their young for varying pcriods
after birth, before any attempt is made to incorporate
them in the normal social units. Spinage (1969a)
gives the period of such hiding in the waterbuck
as from two to four wecks, whilst Jungius (1970)
gives it as one and a half to two months, possibly
even three months, in the case of the rcedbuck.

The corrclation herc is betwsen the period of
time from birth to incorporation in the social
unit, and the oxtcnt to which the speecics is bound
to the home range; therc is also some influcnce
by the cxtent to which the spccies is gregarious.
The two extremes are shown by the wildebeest (which
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at least in Fast Africa is highly nomadic), and the
rcedbuck in which a family unit is restricted to a
territory (Jungius, 1970).

Walther (1958),(in Jungius, 1970), rccogniscs only
the two extrcme conditions which he callcd
"Nachfolgertyp® and "Abliegetyp® respcctively.
Unfortunately there has been insufficient work on
the intermcdiate types to cstablish a definite
progression, but it is likcely that most specics will
not fall into either of Walther's catcgorics,

3¢3. Male reproductive physiology.

Many specics, particularly thosc which exhibit
scasonal breeding, also show a marked peak in
testicular activity, manifest in the testis weight.
In addition to this, it has been shown that an
incrcase in seminiferous tubule diamcter accompanics
the onscet of breeding activity. Furthcrmore, in
animals with no apparent peak in testicular weights,
Cegs wildebecst in East Africa (Watson, 1969), there
is no\increase in the diameter of seminifcrous tubules.

Of particular intcrest are the observations of
Clough (1966, in Spinage, 1969b) that the testis
welght in hippopotamus fluctuated randomly, but that
there was a corrclation betwcen pceks of conceptions
and testicular activity as determined by studics on
spermatogecnesis. Spinage (1969b) found no apparcnt
seasonal changes in testis weights or tubule diameter,
yct there was a significantly higher proportion of
conceptions in the dry scason, rcsulting in more
births in the wet scason.

Skinner and Van 2Zyl (1970) and Skinncr (1971) have
shown that in the springbok and impala there is a
close corrclation between peaks of testis weight and
tubulec diamctcer, both occurring at a time immecdiately
preceding the main mating scason. These authors have
further shown that ccrtain other paramcters, viz.
the weight of the seminal vesicles, weight of the
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cpididymides, epididymal sperm numbers, and particularly
the percentage of motile sperm, are also correlated
with the breeding scason., Their histochemical studics
also indicate a similar cyclical change in
concentrations of fructosc and citric acid in the
seninal vesicles, From these latter obscrvations
they conclude that, because of the correlation found
in ruminants betwecen testicular testosterone and
vesicular fructose and citric acid, the production of
androgens is also of a cyclic nature, declining only
after the mating season,

Such studies as these may well, in duc course,
throw light on the fundamcntal reasons for the seasonal
incidence of mating and reproduction. Many theories
have been put forward by Sadleir (1969), amongst which
are the influences of light and photoperiod.

3e4s Female Reproductive Physiology.

More work has been done cn this probably than on
any other aspect of reproduction, Authors who have
carried out such work include Watson (1969) on
wildcbeest, Laws and Clough (1965) on hippopotamus,
Spinage (1969a) on waterbuck, and Buechner et al
.(%9§6) on the Uganda kob.,

3.4l Ocstrous, The detcetion of an oecstrous cycle
in wild animals is very difficult on account of the
fact that there is usually no control, and most females
in a natural population arc probably fertilised very
soon after exhibiting overt oestrous behaviour,
Nevertheless, various workers have postulated on the
length of the cyele. In wildebcest, Watson (1969)
suggests a cycle of 15 days, whilst in Uganda kob it
appears to be from 21-26 days (Bucchner ct al, 1966),

The situation is further confoundcd by the
observations on both these speciecs that an ocstrous
period appears to precede the one in which fertilisation
takes place. Watson (1969), on the evidence of the
presence of regressing corpora lutca of the cycle in
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most instances studied, goes so far as to say that
this condition may be a prercquisitec to successful
oestrous behaviour.,  Buechner et al (1966) found
that two to three ovulations may occur before
fertilisation, This phenomenon has bcen tcermed
"silent ovulation® (in preference to “silent heat®,
which implics overt behaviour) by Fraser (1968), who
also quotes numcrous authors who have obscrved it in
domestic ungulates.  Spinage (1969b), on the other
hand, suggests that in waterbuck thcre is no pre—
conception oestrous.

Scveral workers quoted by Fraser (1968), notably
Lagerlof (1951), suggest that the occurrcnce of these
"silent ovulations™ ‘may be hereditary, at lecast in
domestic stock, This may account for differcnces
between and within wild ungulatce specics. Fraser
(1968) states that the female scex drive is depondent
upon the presence in the ovary of a ripc follicle,
and is therefore of short duration. Male sex drive,
on the other.hand, is dependent upon the secretion of
tostosterone, and is very prolonged, if not
permanently evident, in non~scasonally breceding specics,
It is this fact which ensurcs the generally high
incidence of. successful ovulations encountcred in
wild animals,

The duration of oestrous is not well cstablished,
although Buechner et al (1966) cite evidence for a
pcriod not exceeding 24 hours. Fairall (1970) quotes
the duration of oestrous as varying from 24 hours in
_some species to 9 days in the zcbra.

3.4.2, Ovulation. There appear to be considcrable
differcneces in the pattern of ovulation in various
species, Watson (1969) found that in wildebceest a
significantly larger number of successful first
ovulations take place from the right ovary than from
the lcft; thereafter both ovarics contribute at
random.  Buechner et al (1966) rccord random relcasc
of ova from left and right ovarics. On the other hand,

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



—20m

Robinette and Child (1964) found that a significantly
larger number of successful ovulations had occurred
from the left ovary than from the right (57:33) of the
red lechwe and Spinage (1969b) found that the left
ovary of waterbuck was 1,2 times more active than

the right.

3ede3e Implantation, The interesting phenomenon of
unilateral, or nearly so, implantation has been found

in most ungulate species that have been studied.
This was first reported by Kellas (1954) for the dik-
dik (right uterine horn), and subsequently
implantation has also been found in the right horn
in impala (Mossman and Mossman 1962),in Uganda kob
(Buechner, 1961) and in thc waterbuck (Spinage 1969b).
In the wildebeest, Watson (1969) found almost
perfect homolateral correlation between ovulation and
implantation. Nevertheless, although not significantly
different in frequency at the 5% level, there appearcd
to be a tendency to favour the right horn for
implantation - 33:19, . This he broke down to 11:2
for non-parous females, and 22:17 for parous females,
the former difference being significant, This ties
up with his obscrvation that the first successful
conception occurred from the right ovary.

The reasons for unilateral implantation have
never been investigated (Skinner, pers.comm,) and
the mechanism is not understood. The work of
Bucchner et _al (1966) suggests that there may be a
genetic fixation of symmetry at least in Uganda kob,
as thecy found that even in foetal uteri, there was a
tendency for the right uterine horn to be larger,

3ededs Gestation.  No effort will be made to cite
rccorded gestation lengths, as these have bcen
adcquately dealt with by Kenneth and Ritchie (1953)
and by Mentis (1970). However the physiological
and somatic changes taking place during prcgnancy

will be briefly revicwed.
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Watson (1969) reports that in early pregnancy, two
corpora lutea may be present in the wildebeest, one
derived from the preconception oestrous cycle, and
the other being the corpus luteum of pregnancy. The
former disappears after about 90 days, but can at no
stage be confused with the latter or with corpora
albicantia on account of its much lighter colour.
Personal data on the same species from Zululand
confirms this finding, and notes were made at the time
of this observation to the effect that such corpora
lutea would not have left.a pigmented scar typical
of the corpora albicantia, This phenomenon has not
vet been recorded for any other species.

Laws and Clough (1965) report that in the
hippopotamus, follicles develop throughout,pregnancy
and give rise to "accessory corpora lutea’ through
becoming luteinised, However, it may be significant
that they also note that in some cases there was no
other luteal material present in the ovaries,
particularly in the later stages of pregnancy.
Spinage (1969b) states that in the waterbuck there
are no accessory corpora lutea, and the fact that
their presence has not yet been recorded for other
African artiodactyls seems to imply that it may be
peculiar to the hippopotamus and the equines,

The technique of ovarian analysis as a possible
means of determining the breeding history of an
individual was first described by Cheatum (1949), who
concluded that it was adequate for estimating
ovulation rates in the immediate past season. He
did zo further to say that pigmented scars from
luteinised follicles could be distinguished from
those of corpora lutea of pregnancy in white-tailed
deer (Odocoileus virginianus). Golley (1957),
using the same method on black-tailed dcer (Q.
hemionus), arrived at the same conclusion.

Morrison (1960) concluded that in elk (Cervus

o
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canadensis) the occurrence of pigmented scars could
in no way be correlated with past productivity,
particularly since they were also formed from
accessory corpora lutea that developed during
pregnancy. Haugen and Trauger (1962), whilst
finding no corpora albicantia in white-tailed deer
that had not previously bred, could not correlate
the number of corpora albicantia with age of older

animals,

It would appear from evidence from north-temperate
species that corpora albicantia in that region are
not as persistent as they are in some African
antelope, and that the ovarian cycle during pregnancy
may vary in some respects, particularly with
regard to the development of accessory corpora lutea.

In some species, the corpus luteum increases in
size with duration of pregnancy, decreasing in the
last stages. This has been recorded for
hippopotamus (Laws and Clough, 1965), in which this
is also manifest in changes in the weight of the
ovary containing the corpus luteum, In the
wildebeest (Watson, 1969) there is an increase in size,
followed by a slight decrease and then a further
increase, whilst in the waterbuck (Spinage, 13969b)
the corpus luteum achieves maximum size at about 30
days post-conception, and thereafter remains constant

in sige until parturition,

These observations are generally contrary to the
situation in sheep (Short and Moore, 1959, cited in
Watson, 1969) in which the corpus luteum decreasecs in
size in later pregnancy, as its function of
progesterone production is partly taken over by the
placenta (Fraser, 1968). In fact there is as yet
no cvidence from wild animals that this function is
at any stage performed by the placenta., If corpus
luteum size is any criterion, it would seem doubtful,
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3edebe Post=partum period. After parturition, the

corpus luteum degenerates rapidly, and qives rise
to a corpus albicans. This structure is
persistent for varying periods, and it is scen as
a ‘“'pigmented scar®,

Watson (1969) found a fairly close correlation
between the number of corpora albicantia present
and the expected number of pregnancies expericnced,
At no stage did this number excced the number
expcected, Spinage (1969b), on the other hand,
found that there was no corrclation, and in some
cases the number present excceded the expcected
number of pregnanciecs,

In speciecs with no fixed brecding scason, i.e.
continually breeding species, there generally is
a post-partum oestrous cycle in which conception
may or may not take place. Buechner et_al (1966)
suggest that in the Uganda kob the pcriod betwcen
parturition and first oestrous corresponds
approximately to the length of the oestrous cycle
(21~26 days). However they also say that the
post=partum interval varics between 21 and 64
days, suggesting that two or more cyclcs may
clapse beforc conception, Spinage (1969b) found
that fertilisation may occur at the first ovulation
after parturition, or later, in the watcrbuck,

This variation may in part be duc to the
plane of nutrition, and could account (in essentially
non-scasonal breeders) for the observed pcaks in
parturition recorded in somec species. The
phcenomenon of a lactation anocstrous would appear
not to be manifest in wild ungulates anyway, for
even in scasonally-brceding populations, many
females are still lactating at the timc of
oestrous (Watson, 1969),

Most animels suffer varying degrces of neonatal
mortality, yet no instance of mastitis - so
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prevalent in dairy cows which are not milked
properly - has been reported for wild animals.
Spinage (1969b) records this fact, in spite of the
incidence of regressing mammary glands due to calf
loss in waterbuck,

3¢5 Pertility and fecundity.

Most African ungulates have a very high rate
of fertility in individuals that have reached
breeding age. In most species there is a certain
segment of the population which matures earlier
than the rest, and the proportion which does so
varies within a species according to conditions. The
high fecundity is perhaps not surprising in view of
the high degree of social organisation attained by
many species during the breeding season or, in
non-seasonal breeders, throughout the year.

In Fast Africa, where most species are non-
seasonal in their breeding activities, workers have
tacitly assumed an almost continuous breeding, and
no evidence has been put forward of marked deviations
from this in the form of populations showing any
degree of temporary cessation of breeding.

It is easier to establish fecundity rates for
seasonal breeders, and in this most authors agree
that they are very high. Watson (1969) gives a
fertility rate of 96% for wildebeest females over
three years old, and during a period of four years,
375 of yearlings conceived and 83% of two-year old
animals did so. Talbot and Talbot (1963) obtained
figures of 83% for yearlings and 95% for older
animals, whilst Estcs (1966) found 75% of yearlings
to be pregnant.

Simpson (1968), working on greatcr kudu
(Tragelaphus strepsiceros) in Rhodesia, concluded
that "middle-age®™ adults showed 100% effective
fertility whilst "young adult® and "old adult® animals
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showed 80% and 85% fertility respectively. The
fyoung adult® group included animals that had rcecently
attained full permanent dentition. He also found
that 25% of yearling females and 63% of two year—old
females were fertile.

Robinette and Child (1964) found that 40% of
yearling lechwe bred, whilst the figure for older
animals was betwcen 93% and 96%.

For many of the larger animals, it is often
difficult to establish fertility rates. For instance,
Laws and Parker (1968), working on clephant in East
Africa, concluded that fertility is widely variable
from year to year - the mean calving interval varying
from four to nine years in two separate populations.
This variation is evidently dependent upon nutritional
effects. Hanks (1970), cited in Fairall (1970),
describes a decline in fertility rate with increase
in density of clephant in Zambia.

In the case of the buffalo, Fairall (1970) states
that fecundity may be modified by nutritional
conditions,  In hippopotamus, Pienaar ct al (1966)
found 22 out of 36 (61%) adult females to be either
pregnant or lactating, and quotes Berc (1959) who
found 67% to be pregnant and/or lactating in East
Africa. Laws and Clough (1965) report finding 77%
of 649 female hippopotamus to be pregnant and/or
lactating, whilst a further 6% had recently ovulated.

Sexual maturity.

The age at which sexual maturity is achieved in
both males and females is adequately rcoviewed by
Mentis (1970). There does seem to be some
correlation betwcen the size of the animal and the
age at maturity, particularly in the case of the female.
This may be as young as seven to cight months, as
in the springbok (Bigalke, 1970) and grey duiker (Child
and Wilson, 1964) and as old as eight to fifteen years
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in the elephant (Laws,;1966; Laws,1970; Hanks,1970).

There is however, a modifying effect on the basic
age of maturity, namely the plane of nutrition. It
is this, probably more than anything, that results in
such variation in the age of sexual maturity within
a specics as is outlined for several species by
Mentis (1970). Another factor which cannot be
overlooked is scasonality: an animal may be
potentially capable of breeding earlier than it in
fact does bccause of the apparcnt need to await the
next breeding scason.

3.7« Foetal growth.

The rate of foetal growth of most mammals studied
follows the pattern of the curve of cxponential
growth, but modifications to this curve have been
made to assist in the prediction of conception age of
a foctus of known mass or sigze. The simplest of
these modifications is the logarithmic curve which,
as in the case of an exponential growth curve, is
a straight line.

However, greater use of the method devised by
Huggett and Widdas (1951) has rccently been made in
the prediction of age from mass, This mcthod
however, depends upon the cstablishment of an age at
which the straight linc intercepts the age (X) axis,
The Y-axis is thc cube root of the mass, whilst a
further constant is the so-called instantaneous growth
rate in the formula W = k(t~to), where k is the
constant, ¥ is the gestation pcriod, and to the
X-intecrcept.

Bucchner ct al (1966) were in the fortunate
position of knowing the cxact age of 13 foctuscs
of Uganda kob, and fitted thcse to a regression line
of age on mass with a very closc correlation. They
state further that the confidence limits of this
regression arc considerably narrowcr than those
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obtained by the method of Huggett and Widdas (1951).
The decrivation of an identical regression for impala
foectuscs by the Huggett and Widdas mecthod in two
scparate studies will be discusscd in more detail
in a later scction.
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CHAPTER 4:

REPRODUCTION IN THF IMPLLA: OTHER STUDIES.

4.1, Scasonality.

Sadleir (1969) discusses at some length the
literature pcrtinent to scasonal brceding in many
mammals, Most of this discussion deals with the
various factors -~ both inherent (genctic) and
environmental -~ which play a part in determining
seasonality of reproduction in mammals.

The evidcnce appears to indicate that diffcrent
factors act in different ways in diffcrent parts
of the world to achicve the same.end, but the main
question remains unrcsolved,- i.ce. at what stage in
the reproductive cycle the various factors play the
most significant role. Is the cycle arranged so
that the pecak of parturition occurs at a time when
the food resource is most abundant, or docs some
other cnvironmental factor such as photoperiod act
to cause synchronisation of oestrous and tcsticular
activity? No attempt will be made to answer this
guestion here, but it is important to rcalisc that
it underlies the wholec concept of seasonal breeding.

It should perhaps further be pointed out that
there are two main variables in considering the
subjeet of seasonal breeding, namely the timings of
the peak of behavioural oestrous or overt
reproductive activity, and the duration of thisg peak.
Consideration of the incidgnce of seasonality in
different parts of the range of the impala in Africa
clearly demonstrates that it is chiefly
environmental influences rather than genetic ones,
which have been instrumental in achieving the end.

In Bast Africa, where the impala occurs in a
somewhat discontinuous distribution, the evidence
points to a double peak of breeding behaviour,
resulting in pcaks of parturition coinciding with
the two annual rainy seasons: April-May and
October-December, Haltenorth (1963, in
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Kayanja, 1969) states that the main peak of parturition
ocecurs in April and May, whilst Kayanja (1969) goes
farther to say that a second peak is evident in the last -
three months of the year, il.c. during the "short rains®,
Both these authors arc referring to populations in Kenya,
Kayanja more specifically quoting thce arca around Lake
Elmenteita (36°14'E, 0°26'S) where he worked on the
subspecies Acpyccros melampus rendilis Ldnnberg.

Leuthold (1970), working in Nairobi National Park, statcs
®,..impala breed throughout the yecar: reproductive
pcaks may be corrclated with the rainfall pattern,®

Schenkel (1966b) gives data for breeding peaks in
south-western Kenya, and is more spccific about peaks in
Nairobi National Park. In the former arca he quotes
cvidenece for a mating f'peak®™ in ",...January to March and
sometimes carly April®, suggesting a lambing peak between
August and October, In Nairobi National Park, in.1963,
rutting pcaks were observed from Fcbruary to April, and
August to October, which would give pcaks of lambing
from Scptember to November and March to May.

According to Pearsall (1957) the rains in the
Serengeti arca occur in the form of "short rains® in
December and as main or "long rains®™ in April-Junc,
Darling (1960), on the other hand, states that in the
adjacent Mara plains, there is a short rainy scason in
November and Deccmber and 2 main rainy season from March

to May.

These rainy scasons do not quite coincide with the
impala lambing pecaks as described by Schenkecl (1966b),.
The short rains in the Nairobi National Park also occur
in November and Deccember, whilst the long rains occur in
March to May (Foster and Kearncy, 1967).  Thus, in this
area anyway, there is a closer corrclation between the
peak of parturition and the rainy scasons, as described
by Kayanja (1969) and Leuthold‘(l970).

Jarman and Jarman (1969), working in the Screngeti
National Park in Tanzania, describe two calving pcaks in
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a period of 18 months - July-October 1968 and Junc—-August
1969 -~ but also state that the peaks varied in their
amplitude and incidence in different parts of the park,
There was a greater tendency for defined peaks in the:
northern part of the park than in the west. Later, it
was rcported from the same region that a small breeding
peak had occurrcd in the first quarter of 1970 (Jarman,
1970a).

Anscll (1960), gives the lambing scason for impala
in north~western Zambia as Septcmber-October, whilst in
southern Zambia it is a month later = in October-Novcmber,
The latter area includes the middlc Zambesi Valley in
which is situated the Kariba basin. It was here that
Child (1968) stated that the peak of parturition takes
place in Deccember, However he quotes Dasmann and Mossman
(1962b) who worked mainly on the Henderson ranch in
south-western Rhodesia, and it is possiblc that he has
made the tacit assumption that the scasons arc the same
in the two regions. In another paper Child(1964),
however, gives November as the lambing pedk in the
Zambesi Valley from "rccords on hand®; it is the same
in south-~castern Rhodesia.

Dasmann and Mossman (1962b) state that in two years
(1959 and 1960), the pcak of parturition took place in
the latter half of December. They also mcntion an
observation by Stcvenson—Hamilton (1937) that somc young
are born later than the rest, This they speculatively
attribute (as does Stevenson~Hamilton) to the two-year-old
fcecmales, which are bearing their first young, having a
slightly latcr period of parturition than the older
females, However, therc is no evidence provided for this.

Whilst discussing impala brceding scasons in Rhodesia,
it is intcresting to notc that Wilson (1969), working on
animals in the Matopos National Park in central western
Rhodesia, noted an apparent pcak of lambing about mid-
December (51 out of 62 births took place in December).

This appcars to indicate a trend from north to south,
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although Dasmann and Mossman (1962b) deny this in quoting
Stevenson~-Hamilton (1937) and Rhodesian departmental
records, The danger of using departmental records

is evident, particularly in an area the size of Rhodesia
which seems to be an important intermediate gzone: the
brceding season to the north is earlier than it is to

the south of Rhodcsia.

Parther south, notably in the Kruger National Park,
authors such as Picnaar (1963) and Fairall (1968 )describe
a lambing scason which begins during the first weck of
November and extends through until late December.
Stevenson-Hamilton (1937), referring mainly to the
Kruger National Park population, states that impala
lambs are usually born from about the middle (sic) of
November until the end of December, He goes on to
provide two further qualifications to this general rule,
namely that the actual timc of parturition may vary by
as much as a "couple of wecks according to the lateness
or otherwise of the scason®; and sccondly suggests that
the two-ycar-old fcmales may parturate scveral wecks
later than the older oncs.

As far as thce second of these statements is concerncd,
there is again no cvidence, other than circumstantial,

to suggest that this is a genceral rulce. However, the
comnent that the peak of lambing may vary from year to
year according to the scason is more significant.
Fairall (1968) also mentions this pheonomenon, stating
that in some ycars the lambing appecars to be concentrated
over a short scason, whilst in others the scason is more
prolongecd. Purthermore, more lambs are born "out of
secason®™ during abnormal years or in arceos where grazing
conditions have bcen disruptcd®. Unfortunately, there
is no reference made to any possiblc variation in the
actual mating scason as a result of drought or other
factors, and the inference by both authors is that the
actual gestation period may be prolonged somewhat under
drought conditions. It is of course not as easy to
deteet the peak of oestrous or mating behaviour without
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examination of ovarian material, as it is to rccord a peak
in parturition, so that slight variations in the time of
mating arc likely to go undetccted.

In Zululand, as elsewhcre in castern South 4frica,
therec is again a very marked scasonal pecak in breeding
bechaviour which has been documented by Anderson (1965).

He describes a peak of rutting in Hluhluwe Game Rescrve
during the latter half of May, 1963. Assuming a gestation
period of 200 days, this would give a pecak of parturition
about mid-Dccember, which is in accordancce with
obscrvations for most ycars in the region. In the Mkuzi
Game Rescrve, perusal of unpublished rccords of Natal
Parks Board indicates that the normal peak of lambing takes
place over a two to threce week period from the last weck

of November until mid-Dccember,

Parther west, in Botswana, Robbel and Child (1969)
describe a peak in the rut in 1969 betwcen about 12th
May and 16th May, giving a lambing pcak at the end of
Novecmber and the beginning of December. Thus, if the
discussion on a possiblc north-south gradicnt in central
Africa is to prove significant, the lambing peak in
Botswana (19°05'S, 23°44'E) falls betweon that for the
Zambegl Vallcey population and the Matopos National Park
population,

In South West 4frica, the situation approximates
that in Zambia, with a lambing scason in Scptember~October
(Shortridge, 1934). This is confirmed by Gacrdes (1965)
who says that the rutting scason of impala in South West
Africa is depcndent upon the scason, but normally occurs
in February-March, with parturition taoking placc in
Scptember-October,.

Finally, some data obtained from cantive animals in
Pretoria (Brand,1963) show that there is a very marked
peak of births during the first half of Deccmber. The
intercesting point about the information provided in
that source (which is a well-controlled onc) is that there
is a greater tendency for births to tail off after the
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pcak then to build up prior to it, i.c. it is a
markedly skewed distribution. This indicatcs a
significant feature of the female reproductive
cycle which will be dealt with later,

Fig. 1 summarises all the data in this scction as
a map which showg the distribution of lambing
pcaks in differcent parts of Africa.

Sociology.

The phenomenon of territoriality has been
recorded for impala (Kayanja, 1969), and its prime
function is probably one associated with breecding.
It was however, not until quite recently (Leuthold,
1970) that the existence of territorial bchaviour
in the species was uncquivocally recognised,

Prior to this, there had appcarcd in the
literaturc some suggestions that this may be the
case, Dasmann and Mossman (1962b) recorded what
they somewhat apprchensively termed rutting
bchaviour, They went on to mention that during
the pcak of this activity "lone males werc widely
spaced in arcas that appcared to be breeding
territories™, whilst other malecs werc associated
with groups of fcmales. The lattcer observation
may be interpretced as merely a further manifestation
of the territorial bchaviour, in that such malcs
could have simply bcen accompanying the femalesg
whilst remaining within their territories.
Unfortunately no mention is made by these authors
of prolonged observations of males which might have
clarified the situation, although later in the paper
(p.390) they provide further circumstantial
cvidence in the form of dung-pilces which were found
only during the mating season, and the fact that a
single male may be scen repeatedly in the same
location, only lecaving it to drink,

Schenkel (1966a), apparently unaware of the work
of Dasmann and Mossman in Rhodcsia, workecd on
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social behaviour of impala in Kenya, primarily in
the Nairobi National Park, and either assiduously
avoided any mention of territoriality, or failed to
interpret some of his observations as manifestations
of this form of behaviour., Although not described
in any detail, the bchaviour noted on page 181 of
his work is certainly in kceping with that to be
expected of territorial animals. In sceveral other
situations his descriptions can also be interprcted
as behaviour associated with territoriality.

The underlying theme of Schenkel's paper is one
in which the dominance of one male over others is of
paramount importance: +this dominance takes the
form of "possession" of a fecmale herd.

At a later stage, Schenkel (pers.comm.,l969)
reiterated that he did not recognise the behaviour
of impala as territorial, sensu stricto, but that
he did agrce that the situation as noted by him
could have becen a transitional stage of bchaviour,
He clarified the position, explaining that a male
dominatces a female herd, in the immecdiate vicinity
of which he is intolerant of other males. However,
this intolcrance is "...focussed on thc female herd,

and not on his home range..."

Leuthold (1970) takes up the cudgels against
Schenkel by saying (p.717) the problem resolves
itscelf into one of semantics: "The arguncnt is
thus reduced to the question of what the diffcrence
is between a male that is dominant in a certain
location but not in another, and a territorial male.
If there is any diffcrence at all, it would appear
to be one of degree rather than of absolute
categorics,”™ He points out that Schenkel is
perhaps too dogmatic in his definition of a
territory when he says (Schenkel, 1966c, in Leuthold,
1970) *...,that an area can only be called a true
territory if the occupant has the entire area under
sensory control at all times and can confront and
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ward off any intruder immediately." The gencrally
accepted definition of territoriality is onc which
implies ".,..defensive bechaviour or intolerance towards
conspecifics within a given arca.®  (Leuthold,1970:
704),  Thus Schenkel's observations fall within this
acceptable definition and should be construcd as true
territoriality.

Leuthold (1970) concludes that impala are
territorial, at any rate in the Nairobi National Park,
and that females do not attach themsclves to any
particular male. Onc male occupied a territory for
35 consccutive wecks, but it must be remembercd that
this observation was made in a population with no truc
seasonal breecding pcak. He also tentatively states
that any apparent varistions in social behaviour may be
duc to different environmental conditions and fcatures
of thc habitat.

With rcgard to the social behaviour of impala other
than territoriality, most authors agrec that there is
no rigid herd organisation, but that the various social
units arc highly flexible in their nature. Dasmann
and Mossman (1962b) describe briefly the scasonal
changes in group composition from the large "ewe-lamb"
herds at the cnd of the lambing scason, through
smaller groups during the rut, to mixed groups in
the dry season.

Schenkel (1966b) recogniscs two main groupings:
the female or breeding herds, and the malc or bachclor
herds, He cvidently did not reccognisc the dynamic
agpect of impala herds, changing in sizc as they do

with the differcnt scasons,.

Leuthold (1970), working in thc samec area as
Schenkel, did however note this aspecet of group
formation and concludcd thats

%1, The female herds are unstable in number
and composition.
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2, Thére arc no stable social units, with the
ponzible exception of small (sic) motherw
young associations.

3. Female herds or individual females arc not
permancntly attached to a particular
adult male,

He nevertheless qualificd these conclusions with the
obscrvation that in onc part of the study arca

(Somali Ridge) the pattern is not as variable, probably
on account of its lesscr suitability as a habitat.

4.3. Lige at scxual maturity.

44341, Malcg,

The only recally definite information on the
age at which impala malcs achicve scxual maturity is
that provided by Kerr (1965). Using a simple technique
of sperm smecars, he detected the prescnce of
spermatozoa in the cpididymus of impala 13 months old,
concluding that the males are physiologically capable
of taking part in brceecding at this age. Hce supports
his contention by quoting an instance that occurrcd in
Natal in which a number of juvenile impala introducced
to a farm, and isolated from othcr populations,
produced their first progeny at two yecars of age. Thus
the males must have bred at 17-18 months of age.

Whilst brceding may take placc amongst
ycarling animals, full adult testis mass is not
achiceved until considerably latcr, as showh by Kerr
(1965) and Child (1968). It would appear, from
incompletce cvidence that full adult tcstis mass ig-,
rcached at the age of about 27-30 months, but it should
bc rcmembered that there is also a marked scasonal
change in testis mass (sce leter) which teonds to mask
the attainment of adult mass. Unfortunately, both
Kerr's and Child's samples were taken during the same
period of the year, and both omitted animals between
17 and 22 months old, and between 29 and about 34
months old,
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In spitc of maturing at a comparatively
carly age, it is unlikely that young malecs, up to the
age of about thrcec to four years, take part in the rut
undcr natural conditions. This is becausc they would
be what may be termed "psychologically unpreparcd® for
assuning territorics. Physically too, they arc not
as robust as older snimals, and would not be able to
compcte with them in fighting.

4e3e2, Females.
Most authors agrcec that the majority of
females produce their first young at the age of two

ycars,.

Using the instance cited carlicr, Kerr
(1965) reasonably concludes that fcmales are capable
of producing young when two ycars old, whilst Skinncr
(1969) quotes an instancc of a semi-tamec animal which
also produced its first young at two ycars of age.
These cxamplces do not, however, prcclude the
possibility that females may give birth at the age
of onc ycar: there is in fact a good deal of evidence
that in a small proportion of cases this docs take

placc.

Dasmann and Mossman (1962a), working on a
population in south-westcrn Rhodesia, found no animals
of less than one year old to bc pregnant, whilst 11
out of 13 yearlings werc pregnant.

Child (1968), studying populations in the
Zambezi Valley, found that seven out of cight yearlings
had conceived, and again that no juveniles had donc so.

In Zululand, I.B.Stewart (Unpublished data,
Natal Parks Board) has rccorded that in 1965, 16 of 20
(80%) of "subadults®(onc to two years old) were precgnant,
whilst only onc of 26 juveniles was pregnant, and secven
of 20 (35%) “subadults" were lactating, indiceting that
they had conceived as juvcniles.

The explanation for this apparcnt carly
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maturity in a fairly largce proportion of the population
of fcemales presumably lies in the planc of nutrition.
It is possible that under Zululand conditions, with

a somewhat cxtended sumner (rainy) scason, the herbage
rcenains nutritious cnough to influcnce follicular
development in time for the first mating season after
birth, whercas in Rhodesia, with a rclatively carly
cessation of the rainy scason, this is not thc casc.

Up till now considcration has only becn
given to animals in populations with a clearly defincd
brceding scason, but what of those with a protracted
breceding scason, as in Kenya. The only available
information on these animals is that supplicd by
Kayanja (1969). He cites Haltenorth (1963) who
suggested that females probably mature at about 18
nmonths, but in his study, found that thc minimum age
at conccption was closcr to 12 months, This is
surprising in the light of the information obtained
from Zululand, wherc the animals could not have becen
rnorc than six months old at the time of concception.

Mentis (1970) discusscs Stevenson-—
Hamilton's (1947) statement thot “young' females give
birth later than "older" females, in the light of the
inability to age females in the field by the cnd of
their sccond ycar, He concludces that Stevenson-
Hamilton's "young® fcmales are thercfore just over
one yecar olid, and that they must have conceived as
juveniles. This argument presupposcs that Stevenson-—
Hamilton did not simply assumc that it was only the
youngcr fcmales that gave birth aftcr the main pcak of
parturition. If it was by dircct observation, then
it would be truc to say that juveniles also conccive
in the Kruger Notional Park,

4,4, Sex ratios.

The sex ratio of any wild animal at birth is a
difficult paramctecr to dctermine at the best of times,
and it can usually only be done indircctly by working
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on the scx ratio of foetal material.

There is, howcver, onc uscful source for the sox |
ratio at birth, namely the data provided by Brand (1963):
of 120 impala of known scx born in the National
Zoological Gardens, 50 werce males and 70 were females,
i.e. 2 sex ratio of 1:1,4. Mossman and Mossman (1962)
rccorded 25 males and 34 females in a sample of
foctuses 0ld cnough to be sexed in a population in
Rhodesia, i.c. 1:1,4, Neither of these samples,
taken sceparately, shows a significant difference from
parity, although Mentis (1970) points out that if they
arc lumped together, the combined ratio does so.

With rcgard to the adult sex ratio, there is a good
deal of information availablc. This is summariscd in

tabular form in Table 1,

A1l the sex ratios in Table 1 are for animals over
onc yecar of agec, and it is clcar that the approximate
average ratio is 1 male:2 females, What is
particularly intcrcsting is that all the large samples

arc particularly closc to such a ratio.

A good deal of spcculation as to the cause of the.
disparate sex ratio in many ungulates has taken placc,
but it scems to be generally agrced that it is duc to
a hecavier mortality amongst young males than among
females of the samc age, c.gs Taber and Dasmann (1954)
in the black-tailed decer in America. The evidence
of Robinctte et al (1957) scems to contradict this
theory however, as does a fair amoung of cvidence on
the scx ratios of juvenile animals,

Picnaar (1969) attributes the disparity in the sex
ratio of sevcral spccies in the Kruger National Park
to differential predation on the sexes. Indced, the
data he provides on rccorded kills of impala by
predators reveal that between 1966 and 1968, a total
of 850 werc males and 964 werc femalcs. If there is a
factor of sex linked mortality as well, then such a
differential kill ratio could further cnhancc the effcct.
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Table 1. Sex ratios of impala populations from
different parts of the species® range.

SAMPLE SEX RATIO
AREA SOURCE SIZE (& : ¢9)
Nairobi N,F. Leuthold (1970)  300-350 1 : 2
Zambia Mentis (1970) 459 1 : 1,5
Rhodesia:
Fort Tuli Dasmann & Mossman
(1962v) 1986 1 : 2,1
Limpopo River " " 107 1 3 2,6
Central Estates © i 88 1 : 1,8
Wankie N,P. " i 327 1t 1,2
Kariba " i 333 1 : 2,6
Henderson Ranch ¢ " 2864 1 : 2,1
Kariba Child (1968) 800 1 ¢ 2
South Africa:
Kruger N.P, Pienaar (1969) ? 1 : 2,4
Timbavati G.R. Hirst (1969) 14319 1 : 1,8
Mikuzi G.R. Stewart & Stewart
o (1966) 3921 1 : 1,9
Mkuzi G.R. Anon,. (1968) 2511 1 : 1,9
Unknown Mentis (1970) 50 1 s 2,1
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Dasnann and Mossman (1962b) describe a snall
sample of impala from Kariba in Rhodesia, in which
a ratio of juveniles changed from 1 male:0,9 female
in Fecbruary-May, to 1 male: 1,6 females betwecen June
and Septcnmber, The conditions pcertaining at the time
would have placed the animals under some dcgree of
stress, They add that, "Undcr conditions of
overcroweding and inadequacies in the habitat, ...
a higher pcrcentage of male lambs succumb during the
carly months of life, whercas under better conditions,
«esethe sexes survive in a more equal proportion,*

In Zululand, Stewart and Stewart (1966) recorded
a sample of 833 ll-month-old animals., (They called
these individuals "subadults®). Of these, 433 were
males and 400 werc fcmales - a sex ratio of 1: 0,9,
Such a prepondcrance of males is rather surprising in
the light of what has already been said, but it can
only be added that, in thc author's cexpericnce, it is
extremely difficult accurately to distinguish juvenile
females from older animals in the field from the age
of about cight to nine months. It is very likely
therefore that Stewart and Stewart (1966) under—
cstimated the number of ll-month-old feomales in their
sanple, confusing this class with adults,

In the Eastern Transvaal, Hirst (1969) obtaincd
scveral samples of “partly grown® impala, i.e. animals
10-12 months old, over a period of threce years. The
scx ratio of this age class varied from 1:1,3 to
1:5,5, but if all his samplcs arc lumped together, the
ratio becomes 1:2,2, The samc cormients must apply to
these results as were made in respect of Stewart and
Stewart's (1966) sample, except that it scems probable
that Hirst's figures are biased in favour of the female
class, i.c. somc adult fcmales could have becen
nistakenly classified as "partly-grown®.
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4.5, Male rcproductive cycle.

Ls has been described earlicr, males achieve
scxual maturity at the age of about 13 months (Kerr,
1965), and in scasonally brecding populations arc
physiologically capable of mating with females in
their sccond ycar of lifc. However, in rcgard to
the cycle in malces, the only information available
is from scasonal populations, and does not thercfore
rcflcet the age at which sexual maturity is
attained. Anderson (1964) rcports on a pcak of
testis mass in PFebruary-March, coinciding with a
peak in kidncy fat mass, which has bcen uscd
cextensively as a condition index (Riney, 1955).

A sinilar pattcrn has cencrged from work by Kerr
(1965), who found a pronounced incrcasc in testis
mass of impala in Rhodesia in March, This was
confirmed by the findings of Child (1968) at Kariba.
A pcak of testis mass occurrcd there in April, just
prior to the rut, although it must be pointed out
that the samples examined by both Kerr (1965) and
Child (1968) werc incompletc in that no animals were
collected after March and April respcctively.

Fairall (1968) bricfly roviews the situation,
adding the commcents. that impala testes arc active
throughout the ycar, sperm being present at all
times, but that the degrec of activity may vary a
good deal during the course of the ycar, He also
nentions that he has cvidence of a dccrceasc in the
viability of the sperm during the period outside

the mating scason.

Skinncr (1971) has carried out fairly intcnsive
histochemical investigations on a series of impala
tcstes from the western Transvaal. His findings
arc very much in kcceping with what may be inferred
from gross examinations of tcstis mass, and pcrhaps
the most significant of his conclusions may be
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summarised as follows:

1. There is a pronounced peak in all
morphological, histological, and chemical activity in
the testes during the rut, although spermatogenic
activity did not altogether cease at any stage.

2e Testes mass and seminiferous tubule diameter
attain maximal values prior to the rut.

3. There is a decline in body mass, starting
prior to the rut, and presumably resulting from
increased activity in establishing territories.

4. The production of androgens declines after the
rut, presumably resulting in a lowered sex drive.

This feature may result in the reduced territorial
activity after the rut, noted by Dasmann and Mossman
(1962p).

Finally, Skinner (1971) speculates on the possible
role of the male in stimulating oestrousg behaviour in
the female, and tentatively suggests that *...the
mating season is partly dependent on the physiological
status of the male at the time."”

Female reproductive cycle.

Very little work on the cyclic nature of ovarian
activities in the impala has been carried out, and the
only work of any real consequence is that provided for
East Africa by Kayanja (1969)., His observations
however, can.be applied to other populations.

Kayanja (1969) described the histological changes in
the developing follicle, until its rupture at what

he assumes to be a mean diameter of 8Bmm., At or near
oestrous, he notes that there are areas of the ovary
in which all follicles are atretic. At ovulation he
states that there was little or no haemorrhage into
the gpent follicle, although he does mention that an
estimated eight-day old corpus luteum was very
vascular, The corpus luteum increases in volume
until a foetal crown—-rump length of about 400mm is
reached at about 170 days, according to Fairall (1969).
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After parturition, the corpus luteum is rapidly
invaded by connective tissue, before degencrating
into a corpus albicans, In Xenya, Kayanja (1969)
reports an almost immediate post-partum oecstrous.

According to Kayanja (1969), ovulation occurs with
almost cqual frequemcy from both ovaries (13 from
the left and 15 from the right), as evidenced by the
prescence of corpora lutca. This observation is
supported by data from Mossman and Mossman (1962)
from Rhodesia, where the figures obtained were 28
from the left and 27 from the right. In contrast
however, is some information from Zululand, in which
I.B.Stewart (Unpublished report, Natal Parks Board)
found 19 ovulations from the left ovary and 34 from
the right. This i1s a significant departurc from
random ovulation CK2= 4,28: d,f, 1,p<0,05).

Fairall (1968), rcporting bricfly on an intcnsive
study of impala reproduction in the Kruger National
Park, states "..., it scems as if the female has more
than onc oestrous cycle only in exceptional cascs.™
This implies a highly successful social system, in
which there is no wastage of ova, but does conflict
with the theory that late conceptions are due to
failure to conceive in the first or later ocstrous
cycles.

Lactation appears to be a fairly prolonged process,
and Dasmann and Mossman (1962b) report that lactating
females were found in Rhodesia as late as August.
Child (1968) notes that at Kariba lactation cecased
shortly after the rut. I.B. Stewart (Unpublishecd
rcport, Natal Parks Board) rccords lactating females
in late Junc in Zululand, and that by July *...most
females® udders are drying up®.

Jarman (1970) estimatcs that eight per cent of
females in the Scrcengeti conceive whilst they are
still lactating, bringing the situation closer in line
with that farther south.
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FPoetal immlantation.

Mossman and Mossman (1962) were the first to
point out that the phenomenon of unilateral
implantation is cvident in the impala. They report
that all of the 58 gravid tracts they examined
contained the foetus in the right horn of the
bicornuate uterus, despite the fact that ovulation
took place randomly from both ovaries. A similar
obscrvation is made by Hofmeyr and Skinner (1969)
who found that all scven pregnant females cxamined
from a Rhodesian ranch had the foctus implanted in
the right horn. I.B.Stewart (Unpublished report,
Natal Parks Board) rcports one "definite record®
of implantation having taken place in the left horn,
this being a . female with the "left horn enlarged
from previous calf,? This would appear to be a
somewhat dubious record.

Gestation period,

On this subjcet there has becen some controversy,
on account of the difficulty. of cstablishing cxact
dates for individual animals, The gecnerally
recognised authoritative work on gestation periods
(Kenneth and Ritchie, 1953) merely quotes Stevenson-~
Hamilton (1947) and Wilhelm (1933), who give periods
of 195-210 and 150~180 days respcctively. These
two sources obviously.cannot be reconciled. Mogt
other authors howecver, estimate the gestation period
as between 195 and 205 days. Brand (1963), from
animals in a zoo, gives it as "approximately 196
days® -« a figure which agrces with that calculated
by Fairall (1969) on a population basis, and from
379 foctuses examined at all stages of development.
In a footnote to his paper, PFairall (1969) mcntions
that his assumed period of 196 days was confirmed by
two captive animals,

On the other hand, Basch (1964) quotes two
established incidences of a gestation period of 204
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days in the Transvaal, It is not beyond the rcalms
of possibility that the period of gestation may be
affceccted by the plane of nntrition. Scveral
gpecies of mammal (but only one ungulate) have also
been shown to exhibit delayed implantation (Sadleir,
1969), and this could well account for somc of the
variations in recorded gestation period.

Dasmann and Mossman (1962b) arrive at a figurc of
180-210 days, also obtained on the basis of
obscrvations on pecak rutting and peak parturition
in Rhodesia.  Gaerdes (1965) suggests that the
length of the gestoation period may possibly depend
to some cxtent upon the age of the female, and this
theory too may account for some of the variability.
In this context, it is intercsting to note that
a gestation period of 204 days was rcported for cach
of two impala femalcs expericncing their first
pregnancy (Basch, 1964).

4;9; Foetal deveclopment.

There arc two works decaling with the prenatal
development of impalas Fairall (1969) for a sample
from the Kruger National Park, and Roettcher et al
(1970) for a sample in East Africa.

Pairall (1969) provides detailed data on the
morphological characteristics of foctuses at
different ages right through the period of gestation,
from an age of about thrcc wccks. He also provides
various mecasurcments and the mean mass of foctuscs week
by week, The table of masscs and mecasurements
shows some minor inconsistcncics, but this is to be
expected in view of the latitude in the timing of
conceptions on cither side of the peak.

Rocttecher ct _al (1970) also present data on
masses and measurements in graphic form., However
their task was complicated by the fact that the
foctuses werce in various stages of dcvelopment at
any onc time, beccause of the absecnce of a strict
brceding scason.
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It is of particular interest to note that, by using
two different methods, and without reference to one
anothcer, both the above authors derive an identical
formula for the prediction of conception age from
known mass. Such a formula was first derived by
Huggett and Widdas (1951), with the gencral form of
Wl/3= a(t—to), where W/ 3= the cube root of the mass,
a = a constant, t= the conception age, and t0= the
intercept of the regression line on the X (time) axis.
In the case of the impala, both authors derive the
formula Wl/3= 0,11(t-39), and this enabled Roettcher
et_al (1970) to illustrate foetal development and to
predict the conccption age.

Fairall (1969) notes that foetal growth seems to
be divided into two periods, scparating at about 10
weeks., It is at this time that the foetus starts
growing much faster, in accordance with any typical
growth curvec.

4,10, Number of young,

As has becen stated earlier, the impala is a
strictly seasonal breeder over most of its range,
so that the rule is only one birth per fcmale per
annum, However in Bast Africa, where therc is no
strict season of breeding, a post-partum oestrous
has been recorded (Kayanja,1969). This means that
the impala there have the potential for producing
about scven young in every five ycars - assuming a
calving interval of about scven months.

Jarman and Jarman (1970) noted that there was an
interval between peaks of parturition in impala in
the Screngeti National Park in Tanzania, which was
some two and a half months longer than the gestation
period, implying an oestrous cycle about two and a
half months after parturition. Jarman (1970) states
that the calculated breeding rate is 1,17 pregnancics
per female per annum, and that in most animals the
first successful post partum oestrous is delayed until
the previous lamb is weaned or dies.
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There has been only one recorded, substantiated
instance of impala having twins., Kayanja (1969) reports
that, in a sample of 25 pregnant females, one contained
two foetuses. In this case there was only one corpus
luteum, suggesting that they were "identical®™ twins.
Stevenson-Hamilton (1947) comments that reports were
received from time to time of twin impala in the
Kruger National Park, but says that ¥...it must be
a very unusual occurrence.® All other authors who
have dealt with foetal material, agree that the
animal is monotocous, while Brand (1963) notes the
same for captive impala over a period of more than
50 years. Mamao S

4,11, Breeding behaviour.% 0”55 29 Q

This section will deal only with those aspects
of behaviour directly related to breeding, namely
copulation and immediate pre-and post~parturient
behaviour.

Very few direct observations of copulatory
behaviour seem to have been recorded, although
Schenkel (1966a) observed the process on four
occasions. He describes three pre-copulatory phases
of behaviour, characterised by chasing, genital
licking, and mounting without copulation. The
actual intromission, he states, is achieved very
rapidly and “...does not last longer than one second,?
with the male not in contact with the female®s rump
(in the normal quadruped fashion), but standing
unsupported on his hind legs. Thereafter the female
walks forward, and the male resumes his normal position
on four legs, and usually exhibits a sudden outburst
of "snorting and roaring® in apparent aggression.

Robbel and Child (1969) record a very similar
behaviour to the above, with the male approaching
the female, attempting to smell and lick her vagina.
They also note scveral. "attempts® at mounting before
achieving intromission, followed by "...a few rapid
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pelvic thrusts", and lasting for "...as little as
10 seconds®,

Elsewhere, the reports of copulatory behaviour
are very fragmentary, and Child (1968) mentions
that it was twice observed, without giving details.
Dasmann and Mossman (1962b) describe an "attempt®
at copulation, but in the light of Schenkel's
description, this may well have been a successful
attempt.

Pre~parturicnt behaviour of females seems to be
characterised by individuals, or small groups of
two or three splitting off from the herds (Schenkel,
1966b). Parturition itself then takes place in
isolation, usually in some thick bush. Thereafter,
when the new—=born young is able to keep up with its
mother (probably within 24 hours) both animals
then rejoin a herd. (Stevenson-Hamilton,1947).

Schenkel (1966b), on the other hand, states that
in East Africa, the young are hidden in undergrowth
for some days before they link up with other
mother—-young pairs to form small, discrcet nursing
groups. He also remarks that the mother-young
relationship is essentially a silcnt one, with no
evident vocalisations as means of communication.
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CHAPTER 5

REPRODUCTION IN THE IMPALA: MKUZI POPULATION.

Bele Materials and Methods.

During 1970, as part of the routine management
programme for Mkuzi Game Reserve, a total of 379
impala was destroyed. Of these 285 were males
and 94 were females. In addition to these
animals, which were hunted on foot and shot, a
further 1 374 impala were caught alive for
distribution to farmers, The catching method is
briefly discussed by Oelofse (1970).

The animals which were shot were transported to
a base as soon as possible, where they were
weighed on a Salter spring balance to the nearest
pound. These masses were subsequently converted
to kilograms, and recorded to the nearest 0,5 kg.

In the case of males, the testes were removed,
and each pair was weighed, complete with epididymis,
to the nearest 0,1g on an Ohaus triple beam
balance, Prior to weighing, and in order to
achieve a standardised mass, the tunica vaginalis
was removed, and the spermatic cord severed at a
point as close to the head of the epididymis (which
is contiguous with the testis) as possible. The
testes were not preserved.for histological analysis.

In the case of females, the complete reproductive
tract was removed and preserved in 10% formalin
for future analysis. Later—term foetuses, which
were too large to preserve, were removed from the
uterus, weighed to the nearest gram, and measured
along the mid-dorsal line to obtain the dorsal
curvature length (DeC.L.) as described by Ansell
(1965)., Iarge foetuses were not preserved. For
purely ethical and humane reasons, very few female
impala were shot during the last two and a half
months of pregnancy (from carly in October), and the
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bias at this time was towards males.

The lower jaws were removed, sultably numbered with
serial numbers on metal tags wired to them, and dried
for subsequent ageing on the basis of the state of
cruption and attrition of teeth,

In the laboratory the female reproductive tracts
were examined as follows:—

1. The site of implantation was recorded as to
left or right uterine horn,

24 Small foctuses werce weighed to the nearest
0,05¢ and measured using the method
described by Ansell (1965) for small
foetuses and cembryos, viz., sitting height
(S.H.), by means of vernier calipers.

3. Non~gravid tracts werc recorded, with notes
on which of the two uterinc cornua showcd

greater swelling.,

4, Ovaries were weighed to the nearest. 0,05g
and measurcements made of the length, width and
thickness, The point of attachment to the
Broad Iigament (hilum) is elongate and was uscd
as a mcans of oricntation.

5 Each ovary was then sectioned by hand with a
ragor blade, into sections about 0,5mm thick,
and the following features recorded: (a) Number
of follicles greater than 2mm in diametcr,

(b) number of follicles less than 2mm in
diameter, (¢c) diamcter of the corpus lutecum
of pregnancy, and (d) number of corpora
albicantia. In cach casc the site was also
recordcd, namely whether the above structurcs
were situated in the left or right ovary.

Ageing of the lower jaws was carried out, for ages
up to about two ycars, on the same basis as that
described by Child (1964) and by Dasmann and Mossmah
(1962a). It was not possible however to obtain
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many specimens of animals less than about 6 months

old duc to shooting bias against this age-class.

The results described by the above authors were used to
assign ages to animals up to about 30 months of agc.

For animals greater than two years of age, wear on
the molar tceth was used as a criterion for assigning
individuals to arbitrary age classecs, Thig was done
on the basis of a consistent pattern of wcar which
resulted in the disappearance of the infundibula of
the molar cusps in a regular ordcer,. In addition, a

quantitative measure of wear on the first permancnt
incisors was rccordcd. By means of veornier slide
calipers, the “width" of cach incisor (bucco-
lingually at right angles to the length of the
mandibles) and the "length® of the worn surface
(proximo-~distally, in the dircction of the length of
the mandibles) werc measurcd, These paramcters were
added together for cach animal, and the product of the
two measurcments used as an index of arca,corresponding
to the "incisor arca® of Vincent et al (1968).

Similar criteria as this have becen uscd by. Roettcher
and Hofmann (1970) and Roettcher et al (1970), who
also assigned definite chronological ages to the
various wear classcse Their method was bascd on
relative degrecs.of wear on the incisiform and
molariform teeth, and has becon used in this study to
assign approximate ages to some of the matorial
obtained,

5.2. Results and Discussion.
5.2.1, Ageing.

No known-agec skulls were available from the
study population, and the methods of Child (1964)
and of Rocttcher and Hoffman (1970) werc found to be
applicable for animals with incomplete dentition.
For animals with complete permancnt dentition, a
uniform method of assigning animals to diffcrent
classes on the basis of wear was deviscd. This was
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rendered possible by the fact that the cusps of the
molars cxhibit a definite sequence whercby the
infundibula wear away to lecave a smooth surface to
the cusp.

A summary of the scquence of cruption of
permancnt tceth, together with the duration of time
over which this takes place in cach tooth, is provided
in Fig., 2. Howcver it must be pointed out that this
sumnary is based on the assumption that impala in
Mkuzi Game Rescrve are strictly seasonal breeders, This
has been discussed in section 5.2.2., and in
instances which appear obviously to reprecsent
significant deviations from such a pattern, this
is indicatced.

Tablc 2 shows thc various wear classcs that
have been uscd for assigning older animals to their
rcspective categorics, together with the definitions
that have becn uscd. In cach case, but for the last
two classes, if a particular tooth was smooth on one
side, and not on the other, this was intecrpreted as
having been smooth, and the individual assigncd to
its respective class.

The scquence of wear may be comparced with that
of Roettcher and Hoffman (1970), who also assigned
chronological ages to their wecar categories. Thesc
authors did not have any known-age material from
which to work, and it must be assumecd that their
chronological ages were merc calculated estimates.
On their basis, ages which could be assigned to wear
classes in the currcnt study arce shown in Table 3.
They qualify their conclusions by saying that up to
an age of cight yecars, the assigned ages arec
"sontatively considered to have an accuracy of e
months, " and thercafter of about one to two yecars.

It is interesting to notc that Rocttcher and

Hoffman report that the posterior cusp of M3 shows
advanced attrition at a much later stage than that
indicated in the prcsent study. Amongst animals
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Table 2. Definition of the "adult® toothﬁ&ear classes
used for impala in lMkuzl Game Rescrve,
together with the number of individuals
assigned to cach class during the study period.
The dcfinitions assume a sequence in which
the various cusps are worn smooth (See text.)

WEAR CLASS CODE DEFINITION NO,OF ANIMALS
Nil Nil Sﬁgoig?ps WOTn 304 4 109 = 42
S+ AL R LR
Light~moderate /M ﬁOSZAggii of 508 4 209 = T4
’ l .
Modcrate M ﬁosgigggg of 188 + 12 = 19
1, 3 L]
Moderate~heavy M/H ﬁnté;ggghof 148 + 69 = 20
2 L]
Heavy H ﬁoszﬁggiﬁ‘of 1738 + 69 = 23
2 e
Very heavy V.H. int.cusp of _
M3 smooth. 08+ 28 = 2
Extra heavy E.H, Midecusp of M3
on onec side 173 + 4% = 21
smooth
Extra heavy plus. E.H.+ Mid,cusp of M3
on both 88 + 8¢ = 16

sides smooth,
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Table 3. Chronological ages corresponding to the
molariform teeth wear classes of impala
in Mkuzi Game Reserve on the basis of
the data of Roettcher and Hoffman (1970).

AGE IN YEARS
(according to
WEAR CLASS Roettcher and Hoffman

(1970)

Nil 2~3

L. 4

L/ 56

M. T% (by

inference)

M/4 8-9

He . 910

V.H. )

E.H. ; 11+

E.He+ ) ’

* This class is not reflected in Roettcher
and Hoffman's work, and the assigned age
is assumed on the basis of those
preceding and succeeding it, and of the
fact that wear is consistent.
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from lMkuzi Game Reserve, only two had this cusp
wearing smooth out of the scquence given.

Of thosc authors who have described tooth
eruption and replacement, Child (1965) is probably
the most rcliable. Dasmann and Mossman (1962b)
worked with too small a sample, whilst Rocttcher and
Hoffman (1970) had the disadvantage of working
on a non-scasonally breeding population and, not
having any known agc animals, had to gucss the ages
at which events took placec.

The present study differs in the following
respects from the rcesults of Child (1965):

1. Child embraces all incisiform tceth in saying .
that replacement takes place betwecn 17 and 22 months.
In this study, there is a definite progression of
replacement from the median inecisors to the canincs,
witp 14 and C replacing almost simultanecously.

2e No sufficicntly young animals were collcected to
compare Child's estimate of two months as being the
age by which all milk premolars have erupted. However,
it will be seen that in the Mkuzi impala, rcplaccment
takes place.over a much more contracted period of
five months, as opposed to Child's observation of 11
months (19-29 months of age).

3. Eruption of the molars agrecs very closely with
the Rhodesian impala, the only variations of any note
being the fact that in this study Ml has complcted
cruption by six months (seven in Rhodesia), and MB
is still erupting at 32 months (26 months in
Rhodesia) in a few animals.
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5.2.2.  Beasonality.

It rcquires little more than dircct
observation to cestablish that brecding of impola in
Mcuzi Game Reserve follows a scasonal pattern,

During 1970, overt reproductive bechaviour
was cxhibited by malcs as early as Fcbruary., This
activity was manifcst in the roaring displays
described by Schenkel (1966) in the context of
herding of female groups by individual males. It
increased in activity over the next few months,
accompanicd by chonges in sociology (dcscribed in a
later scetion) until the pcak of the rut. The precise
timing of this pcak was not casy to determine on the
basis of bchaviour, and rosults from ovarian analysis
have provided a furthcr key thercto.

The first corpus lutcum, indicating that
fertilisation had taken place, was found in an animal
shot on 18th May., Thercafter, all potentially
productive animals werce found to be pregnant, with
the cxception of a very few whose cases will be
discussed in a later scction. Evidence will also be
provided in duec coursc supporting the obscrvation that
the pecak of. conceptions occurrcd during the latter
half of May, 1970. In fact, thc date chosen as
the approximate midpoint of this pcak is 20th May.

It was furthcer cstimated, by direct
obscrvation, that most births took placc during the
sccond weeck of Deccmber, At this time, scveral after-
births werce found which had not yct been consumed by
scavengers, and females with obviously very ncw-born

young were in evidencc everywhcrc.

The secason in 1970 was in fact considcrcd by
most pcoplc with cxpericence of the arca to be rather
later than usual, The rcason for this is not clear,
but it is here postulated that it may have been a
rcsult of unfavourablce cnvironmental conditions which
adverscely affccted the habitat, and which could have
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influenced ovulation incidence through the nutritional
plane.

Whilst no dircect cvidence is available, and
the obscrvations may have been duce to some other
factor, it appcared that the rut in the castern part
of Mkuzi Game Rcserve was farther advanced than it was
in the west. This was not evident from obscrvations
during the scason of parturition however. It is
hoped that the continuation of the study will clarify
the position and that this thecory will be tested
further,

As will be shown later, the rutting period
ig very bricf, but the fact that obvious out-of-secason
lambs arc occasionally obscrved indicatces that a very
small pcrcentage of females ovulate later than the
majority. Although no figures arc available, there
docs appcar to be a slightly highcr proportion of
such latc births during January and Fcbruary. After
that it i1s very rare to sce new=born young, although
they have been rccorded as latc as May.

5. 2.30 ?Orritorialii_i_z.

Whilst not directly concerned with brecding
bchaviour, territoriality in the Mkuzi Game Rescrve
population is very cvident. The view has long becon
upheld that impala males take "harems' of fcmalcs
during the rutting scason, and that the antagonistic
behaviour between males, which usually takes the form
of displays and occasionally of dircet conflict, is
nerely a manifestation of the right of possession by
a dominant male. his too is the impression gaincd
by reading Schenkecl's (1966a) account of sociology.

In fact, as has now been shown by Leuthold
(1970), thec "possession" of a female herd by a
“dominant® male may be only a transitory phenomenon
in that the malec is bound by the social organisation
to a particular picce of ground. The female herd,
apart from being morc wide-ranging, is a comparatively
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stable unit, and generally speaking, it is uncommon
for a malc to be accompanied by a single female, as

has been described by Buechner & Schloeth (1965) for
the Uganda kob, The view here upheld is that the so
called "harems™ are in fact only temporary associations
between a territorial male and a breeding herd, and
that once the herd moves on, it is "taken over® by

another male.

Such a "takeover® was witnessed on one
occasion on open ground. The male in whose territory
the herd was first seen, accompanicd the herd to the
territorial boundary. An adjacent male advanced to
meet the herd, before stopping and waiting. This
second animal showed no apparent interest in the
females, but eventually entcred into a low intensity
conflict with the first male. Only when the whole
female herd had passed the scene of the conflict, did
the males break off fighting; +the first male then .
simply stood, whilst the sccond one joined the herd.
It was quite clear from the nature of the fighting,
which involved altcrnate domination by first one male
and then the other, that it took place at a tcrritorial
boundary, which it was possiblc to demarcatce to within

a metre or two.

A further point, which compares in some
respects to the lcks or fferritorial grounds™ in
Uganda kob (Buechncr, 1963), is the apparent choice
by territorial males of certain arcas in which scveral
such males may be found, This obscrvation may be
directly rclated to the prescnce of favourable habitat,
but it is more likely that the reclationship is
indircet in that the territories arc established in
the vicinity of onc or morc large breeding herds,which
in turn arc prescnt because of the habitat. Prior to
the rut, some of these breeding herds may achicve
considcerable size, but they become fragmentcd during
the rut. In this context it is interesting to
reitorate the findings of Jarman (1970) who concludes

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



that female herds in.particular become very attached
to a particular arca.

Parther eovidence for territoriality comes
from Oclofse (pers. comm,) who notes that, whilst
driving impala with a helicopter in order to catch
them, the males are very reluctant to be driven during
the rutting season. The herds of femalecs are amcnable
to being driven for up to 5 km, but the males
invariably break away after very short distances.

Pinally, Fig. 3 shows how the incidence of
singlec or territorial males recorded as a perccntage
of all adult males and total animals counted, varies
during the coursc of the year. These results were
extracted from figurcs obtaincd in a scries of sample
counts carried out regularly from mid-1969 to mid-1971,

Clcarly the highest incidence of lone males
is in May, which coincides with the main rutting period.
This too is clcar evidence of the important role played
by territorial bechaviour in the brceeding of the impala.

The other high incidcence of lonc malces - in
Scptember - ig inexplicable on any positive basis.
It could be a figment of inadequate sampling, but may
also be the rcsult of an incipient bi-annual breeding
scason, in which the flush of new grass and the
prevailing photoperiod. stimulate some basic breeding
behaviour in the malegs.

5- 2. 4- _Bl)_;t.-_t_inc'..

Signs of rutting or at least of overt breeding
behaviour in males, were obscrved to take place quite
carly in the ycar, and ccrtainly thrce or morc months
prior to the peak of mating. This behaviour took the
form of roaring displays which were initially of a
low intensity, and uttercd at secemingly infrequent
intervals by males still in the company of other males.
The roaring display is described by Schenkel (1966)
as being performed in scveral situations, and that
which fits this context is given as "showing off"®,
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which may take place between males in a bachelor herd.

Towards the peak of the mating season, the

frequency with which the roaring display is uttered
increases markedly, and the context in which it is
uttered changes to become associated with the presence
of a female herd, or with territoriality. During
the stages at which territories become established

a good deal of fighting takes place between rival
males, and by the time of the peak rut the social
organisation among the males is such that little or
no time is occupied by this activity, and all cfforts
can be directed towards the females.

At this stage, a high proportion of adult
males occupies territories, and the activity of the
males produces considerable disruption amongst the
female herds. This is shown by the marked changes in
female herd sizes as the rut approaches its peak.
Several instances were obscrved in which the chasing
behaviour of males resulted in a female being widely
separated from the remainder of the herd. In some
cases this female made an effort to return, but in
othcrs she did not and frequently was herded by
another male into his territory. It is possible, in
view of the intense intcrest shown in such a female
by more than one male, that these individuals were in
oestrous. It is presumed that these separations of
females from herds is a temporary phenomenon for
Jarman (1970) has shown how impala may become attached
to a hone arca. Thus the chances of a female
rejoining the herd are improved.

It has further been obscrved that tcrritorial
males actively chase out yearling males from the
breeding herds. - This has also becn withessed on
several occasions, and is bornc out by the obscrvation
at the peak of the rut that this class of individuals
forms.discrete groups on the fringes of breeding
herds, or is found in twos or threces in fairly close
proximity to what are presumed to be the herds from
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which they have becen "cjected™, They were scen on
a few.occasions in the company of a single male, and
again, accompanied by juvenile(five month~old)males.
Although not actually witnessed, it is possible that
these juveniles may also be temporarily cjected from
breceding herdse.

The subjecet of young maoles taking part in the
rut, or at lcast in mating, has been discussed in
scetion 4+3.1s, and it is generally agreed that it is
physically possible in ycarling animals, but socially
unlikely. Nevertheless, at the peak of the rut in
1970, both yearling and Jjuvenilec males werc sccn to.
attempt copulation with presumably ocstrous fecmales.
Whilst perhaps.not being surprising in the casc of
yearling malcs, it is particularly intcresting to note
that even five month-~old males will at lcast attempt
couplation. All covidencce indicates that
spermatogenesis in impala at this stage is undeveloped,
so that it must be concluded that the production of
androgens is nevertheless at a high enough level to
inducc at least a low planc of libido under the stimulus

of females in ocstrous.

Finally, in the context of rutting, it is of
intcrest to note that therc is a sharp decline in
the overt behaviour aftcer the rut, which coincides with
a similar decline in the number of large follicles
present in the ovary of females. This is to be
discussed more fully under the subjcet of the female
reproductive cycle, but at this stage it should be
mentioned that there is a slow increase in the number
of ripc follicles from January onwards. This too,
coincides with the alrcady described gradual build-up
in sexual displays by males, It is possiblce that the
presence of follicles in varying stages of deveclopment
nay act as a stimulus to the increased gonadal activity
and sexual behaviour of malcs, through the action of

hormones,

The #silent ovulations®™, or, as they have
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somctimes been called, "silent hecats®, which have been
obscrved in other spceics, but not hitherto in impala,
will be discussed in a later scction. Their
significance in thec stimulation of overt behaviour

is not clear.

5¢2e¢De Sociology,and behaviour associated
with brceding.

The disruption of the female social systenm
during the time of the rut was described in the
previous scction, At this time, the breceding herds of
females and juveniles are considerably broken up,
and yearling males arc temporarily scparatcd from
these herds.

The process of copulation has been observed
on several occasions, It may be prcceded by the
preliminary mounting attempts described by Schenkel
(1966a) and by Robbel and Child (1969), but intromission
has been seen in ccertain circumstances to be achicved
only after brief smelling. Contact is extremely bricf,
lasting for as short a time as two scconds. The
chasing, of Schenkel (1966a), does not sccem to be a
necessary preliminary, but is of frequent occurrcnce.

After the rut the breeding herds reform
for the duration of prcgnancy, whilst the immaturc males
may form loose aggrcgations eithcer consorting. with
mature males, or rejoining the breecding herds.

At the approach of parturition, the gravid
females scparate from the main herds as individuals or
groups of two or threce, as rcported by Schenkel (1966).
This author then describes how the young may rcmain
in hiding for somc days before joining their mothers
and regrouping into herds. Pcrsonal cexpericnce, and
that of othcrs, in the study.arca of Mkuzi Gamc Rescrve,
contradicts this obscrvation, but only circumstantially,
In an arca with a density as high as in Mkuzi, it would
be expeeted that the new—born lambs would be encountercd
fairly frcquently on their own if such were the casc.

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



e 6 Gome

This is not so, and to the author's knowlecdge, this
has very scldonm becen obscrved: all contacts of ncw-
born impala have been in the prescnce of the dam,
This contrasts with nyala which are frequently found
as new=born lambs,; hidden in.thickets. Parturition
itsclf has not been observed, and the majority of
births is presumed to take place at night. After—~
births are most frcquently cencountcrecd in the early
norning.

For somec wecks aftcer birth, groups which
have been termed *nursery™ herds® arc a common sight.
Fraoser (1968: 134) described these nurscrics as
nanifestations of a "highly dcvcloped behavioural
systom®, but it is doubtful whether this is the casec..
Such herds have been scen in the process of formation,
and the mechanism appecars simply to be onc whercby,
following a period of browsing or grazing, the young
nay bce nursed by their mothers, and then scttlc down
in groups to rcst. The grouping may be.a
nanifestation of the gregarious instinct, but there
appcars to be no conscious effort on the part of any
individual(s) to organisc a nursery group. At this
time, the remainder of the herd may move off, feeding,
and the obscrvation that one or more adult femalcs
rcnain behind to look after! the lambs is rcally
no more than a coincidcnce of sceing such females in
close proximity. Usually too, the lambs rcmain at
rest until the rcturn of the females, whercupon they
nake contact with their dams by a vocalisation,.which
can only be described as an "abbreviated bleat®,
uttered by both portics.

Thus thce so~called nurscry herds arc no
more than groups of lambs which, on account of their
lesser nced for forage and because they arc still
suckling, take the opportunity of resting whilst the
fcmales feed in the vieinity.

Suckling may take place at any time when the
mother and young arc together, but cach nursing period
is generally of short duration — no more than 30 scconds.
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Lactating females have been obscrved well
into dugust, and lactation.may thus last for 8 months
or morc, Therec is howcver, a marked decline in their
incidence from May or Junc onwards.

542464 Male rcproductive cyclc.

The basis for discussion on this aspeet of
reproduction is a scrics of testis masses from 285
animals obtained during the study period, including
all age classes, from three months to adult,

The mecan paired testis mass of animals from
the various age classes - less than 12 months, 12-24
months, 24-~30 months, and older than 30 months (aged
on the basis of tooth eruption and rcplaccmcent as
described in section 5.2.1.) are set out in Table 4
for cach month.

Beyond the age of 30 months, accuratc ageing
is not possible, due to the limitoations of ageing
by mecans of molar wcar; all the animals over this
age have therefore been lumped together., Further
analysis on the basis of wcar classes will, however,
be presented later in this scction.

A graph to show the progressive incrcase of
necan testis mass of animals up to 30 months of age
is precsented in Fig.4, in which the various
significant scosons are also indicated.

Clecarly, thcere is a progressive incrcase in
the mass, as shown by the dotted line, which scrves
to smooth the curve drawn from comparatively small
monthly samples. Ncvertheless a peak in testis mass
in the 12«24-month~o0ld group is cvident, and coincides
with the obscrved pcak of the rut. Closecr
inspection, however, rovecals that the pecak in this
group actually falls somewhat latcer than the rut,
whilst the pcak in 24~30 month o0ld animals falls just
prior to the rut. This latter situation is, as will
be shown latcr, typical of that to be found in older

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



=658

Table 4. Mean paired testis mass of impala in
Mkuzl Game Reserve, arranged according to
age classes, for 1970,

g 0-12 months | 12-24 months ? 24"3O,§9?§§§é3§9_m9§?§§~
Month | n mass(g) | n mass(g) n mass(g) n mass(g)
Jan 0 - 0 - 1 lOO?O 4 92!1
Feb |0 - o - 12 62,3 RO 95,4
mar |1 32,3 |3 27,2 7 69,1 P4 117,1
Apr 0 - 4 32,7 5 90,1 7 118,3
May |1 25,5 4 44,4 12 93,1 QL 108,5
Jun |0 - 7 56,2 1 7Ll |7 104,5
Jul | O - 1 48,4 15 79,2
mg |0 - 4 35,1 12 66,3
Sep | 6 19,4 T 48,7 27 61,7
oct | 0 - 5 35,7 20 59,6
Nov 1 15,1 5 67,9 13 78,0
Dec | O - 4 66,6 13 89,3
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animals. The reasons are not entirely clear, but it
is hopcd that a continuation of the prescent study
will indicate whether it is an artcfact brought about
by the comparatively small size of the sample (58,

of which 23 were collected in the period March~July).
In the meantime, it is suggested that the pecak of
testis mass in older animals is duc to physiological
factors, whilst that in the youngcer group is brought
about through psychosomatic influcnces of the overt
behaviour of the adult males.

Alternatively, it could be cxplained by the
fact that the onset of oestrous in females stimulates
the production of androgens which in turn results in
incrcased testis mass. This phecnomenon has not, as
far as is known, precviously been rcported.

Upon further analysis of the testis mass,
it was found possiblc to scparate certain of the
younger "adult®™ tooth wear classcs from others.

This analysis 1is presented in Table 5, the tooth
wear classes roferring to those described ip Table 2.

FProm thce results shown in Table 5, it is
possible to conclude that, for the purposes of showing
how the ®stis mass of younger.adults bchave
differently from older adults, scparations may be
nade in accordance with Table 6.

For the months of July-Novcmber inclusive,
the criteria for secparation have been drawn from
cxtrapolation, since during this stage of regression
and dormancy in the testes, the masscs all drop to
a basically similar level. Nevertheless, differcnces
were found to be significant at the 5% level between
the wear classes as shown in Table 6 for all months

except August.

The mecan paired testis masses for all
"adult® wear classes arc shown in graphic form in
Fig.5, whilc the separated ones arc shown in the

refined form of Fig. 6.
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Means and Student!s t tests for differences in

means, of testis mass (expressed in grams) of

the two youngest tooth wear classes and all

older tooth wear classes of impala in Mkuzi

Game Reserve.

WEAR CLASS | STUDENT 'S 4.
Nil L L/M+ Nil-L I~L/M+
Month fiean n 'mean 1 mean n ) i
Jan [L09,0 1 - 0 | 86,4 3 |Sample too small.
Feb 63,2 5| 76,8 6 1103,3 14 |1,728 d.f.=9 ['4,12 d.f.=L¢
Mar 77,2 4! 93,9 4 [126,3 10 |0,698 d.f.=6 3,77 d.f.=1
Lpr 93,5 4 74,1 1 |125,7 6 |Nil & L -L/M 2,34 d«f.=9
May | 81,4 5|106,3 6 [116,6 11 [2,91 defe=9 !1,13 def,=1f
Jon | 71,1 1| 98,1 1 [105,6 6 |(X% ="4,28) |0,314 d.f.=f
Jul | 48,2 2| 95,6 2 | 78,4 6 F13,7 defu=2 75,25 d.f.=6
Aug 64,4 3| 66,3 5 | 65,1 3 No significant diffecrence
Sep 58,0 2| 66,1 10 | 59,4 15 .No significant differencc
Oct 51,3 3| 61,4 6 | 60,8 11 |0,595 dcfu=7 ! 0,335 d.f,=]
Nov - 0] 65,6 2 |80,2 11 - 1,17 d.f.=1]
Dec {128,3 1| 62,4 3 | 93,9 9 |Sample too *2,96 dof.=1C
small
n = number in sample

+ indicates significance at the
5% level
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Mean paired testis mass of younger and older

adult tooth wear classes of impala in Mkuzi

Game Reserve, separated in accordance with
data derived from Table 5, together with .
tests of their significance of difference.

| "Young adults" "0ld adults®

Jan Nil 109,0 | L/M+ 86,4 | - |

Feb Nil & L 70,6 | L/M+ 103,3 8,65 (d.f.23)P<0,0005
Mar Nil & L 85,6 L/1+ 126,3 11,4 (d.f,16)P<0,0005
Apr Nil & L 89,6 | L/M+ 125,7 R0,6 (d.f.9) P£0,0005
May Nil 81,4 |L & L/M+ 113,0 [L4,1 (d,f,20)P<0,0005
Jun Nil 71,1 | L & L/M+ 104,5 [7,75 (d.f.6) P<0,0005
Jul Nil 48,2 | L & L/M+ 82,7 10,8 (d.f.8) P<0,0005
Aug Nil 64,4 | L & L/M+ 67,2 0,93 (d.f.9) PL0,15
Sep Nil 53,0 |L & L/M+ 62,4 B,23 (4.f.25)P<0,005
Oct Nil 51,3 L & I/M+ 60,9 B,83 (d.f.18)PL0,005
Nov (nil) - L & L/M+ 78,0 B,41(d.f.13) PL0,005
Dec Nil & L 78,9 | L/M+ 94,0 8,45 (d.t.11)B<0,0005
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In order to take this analysis further, and
in view of the fact that ages of animals with full
pernancnt dentition are not definitely known, it is
necessary to assumec the actual ages of animals with
no wear (Nil) and with light wear (L), These assumecd
ages are sct out in Table 7 for cach month, The
assumptions are not unrcalistic when it is considercd
that full permancnt dentition may be achicved at the
age of 26 months.

It is to be concluded therefore, from the
data prescnted in Tables 6 and 7 and Fig.6, that full
adult testis mass is not reached until the animals
are over thrcc yecars old.

The general picture of cyeclical changes in
testlis mass of animals over 24 months of age is
clear from Figs. 5 and 6, A peak is rcached sone
two months prior to the rut. This pcak is maintained,
but ncvertheless shows o slight drop by the time of
the peak rut.

The rceason for this appears to be fairly
cvident: the period from February to June is one in
which the nutritional valuc of the fodder is
deeclining (Linton & Abrams, 1950: 161) and rutting
activities induce a form of sclf starvation (Nordan
ot _al, 1968), In male impala, Andcrson (1965) has
showd that therc is a drop in condition, as shown
by kidncy fat mass as an index, between March and May,
Such a drop in condition due to rcduccd intake of
nutrients, might rcasonably be cxpected to result in
the drop in testis mass at the time of the rut in May.
In other words, most of the cnergy in malcs is
required during the pre-rut preparations in the form
of territorial bchaviour,

The time of lowest testis mass (October)
coincides with the onset of summer, and thereafter
they start to show a fairly rapid increasc again.
It is not possiblc to sceparate the two factors of
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Table 7. Assumed ages (in months) of Mkuzi impala
showing no molar wear (Nil), light molar
wear (L), and of older animals,

Evidence for these assumptibns is drawn
from Table 6,

MONTH LGE Wear
Wear class(Nil) Wear class(L) Classes(IL/M+)
Jan. 37 37 49+
Feb. 26 26 38+
Mar, 27 27 39+
Apr, 28 28 40+
May 29 41 53+
June 30 42 54+
July 31 43 55+
August 32 44 56+
Septe. 33 45 57+
Oct. 34 46 58+
Nov. 35 47 59+
Dec., 36 36 48+
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nutrition and photoperiodism as affecting this
increase, but in the latter stages, the period of
light is decrcasing, although testis mass continues
to increase, This suggests that the production of
androgens may initially be stimulated by both
nutrition and increased photoperiod, but that there-
after it is a self-inducing process which eventually
beconmes retarded due to nutritional factors.

The anatomy of the male reproductive tract is
illustrated in Fig.7, and it is.clear that it resembles
closely that of other ungulates, vide Skinner (1971).

5¢267e Pemale reproductive cycle,

Evidence for cyclical changes in the
reproductive physiology of the female has been
obtained from a series of ovaries of animals of all
age classcs from 6 months upwards. Totals of 66
left ovaries and 66 right ovarics were obtained and
examined, although these were not all paired, and came
from 70 animals, Unfortunately, due to a misunder-
standing during the collection of specimens,
reproductive tracts were not prescrved from any
animals after August, when foetuses were weighed and
the_tracts discarded.

5¢2eTele Anatomy. An overall view of the female
reproductive tract is shown in Fig. 8. It is
typical of the bovine tract, and the characteristic
feature of the adult uterus is the grcater size of the
right uterine horn, This is brought about by previous
implantations, Both horns are of equal size in

the virgin uterus.

The point of attachment of the ovary to the
broad ligament of the uterus is elongated, and this
feature was used in the orientation of the ovary for
purposes of measurerncnt. Three mecasuremcnts were
taken of the ovary: length - in the plane of the
long axis of the point of attachment; thickness -
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across the long axis of the point of attachment; and
width - from the point of attachment to the opposite
surface. These measurements are shown in Table 8 for
virgin ovaries, and for "bred" ovaries, the latter
being defined by the presence of a corpus luteum or of
one or more corpora albicantia. The masses of the
respective ovaries are also shown, having heen taken
to the nearest 0,05g.

Tests of significance of difference were
carried out between parameters of left and right
ovaries, and between those of virgin and bred ovaries.
There was no significant difference between left and
right ovaries in any respect, and the only onc between
virgin and bred ovaries was the mass (t = 6,38,
d.fe = 130, P<.0,0005). This is due, not so much to
an inherent change in density, as to the cumulative
effect of slight changes in the dimensions.
Nevertheless, a "density index" was worked out
according to the formula:

Mass
Length x Thickness x Width

For virgin ovaries this index is 0,595 and for bred
ovaries it is 0,667, These are not significantly
different at the 5% level, but do however show what
would appear to be a slight increase in "density®.

5¢2¢742«. Graaffian follicles. During the sectioning
of the ovarics, Grasffian follicles were recorded as
to the number in the case of follicles less than two
millimetres in diameter, and as to the number and
diameter of those greater than two millimetres. The
diameter of the larger follicles was taken as the
mean of two measurements across the cut surface showing
the greatest size, Two millimetres was arbitrarily
chosen to scparate the groups; Spinage (1969b) chose
five millimetres for watcrbuck ovarics.

It is perhaps to be expected from the
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Table 8., lMean mass (in grams) and measurements
(in centimetres) of left and right,
virgin and bred ovaries, of impala in

Mkuzi Game Reserve.

LEFT OVARY
 n_ TLength Width Thickness  Weight
Virgin| 12 0,98 0,77 0,74 0,33

Bred 55 1,07 0,75 0,88 0,46

RIGHT OVARY

n Length Width Thickness  Weight

Virgin} 11 0,96 0,78 0,70 0,31

! Bred 54 1,08 0,75 0,86 0,48
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evidence of Spinage (1969b) for the waterbuck, that
the number of follicles increases at least until
conception, and then decreases with pregnancy. This
aspect was investigated during the present study, and
the results are presented in Fig.lO,

Clearly, there is a definite trend in the
nunber of larger follicles, with a gradual increase up .
to April, and thereafter a comparatively rapid decrease.
In the case of smaller follicles, no trend is evident.
When compared with age, there appears to be no trend:
animals less than 12 months o0ld had means of 1,3 large
and 12,3 small follicles, 12-24 month o0ld animals had
means of 1,0.and 10,8, whilst animals older than 24
months had 1,2 and 10,8 respectively. None of these
is gignificantly different.

The mean sizes of all follicles larger than
two millimetres and of the largest follicle in each
animal in each month are plotted in Fig.9, As with
the numbers of follicles, this paramcter shows an
increcase up to the time of mating, followed by a
decrease during pregnancy.

Possibly the rcason for the decline both in
numbers and sizes of follicles in May represcnts a bias
in favour of animals that have alrcady conceived. In
other words, both parameters should increase up to the
time of conception - the peak of which occurred on
about 20th May. It is significant that the rcsults
obtained during the study period of 1970 compare very
closely with thosc obtained from a slightly smaller
sample collected during a pilot project in 1969. The
largest follicle seen was one of 6,5mn, from an animal
collected on 10th April - some five wecks before the
peak of the rut.

It is also pertinent at this stage to mention
that Cloete (1939), in quoting Hammond (1927), mentions
that follicular atrophy is more severe during
pregnancy than during the sexual cycle, in the domestic
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COW, This fact. results in a decrcase in ovarian mass
during gestation, especially in the case of the ovary
not containing the corpus luteum. It also agrecs with
the observation noted above, that the nuwaber of

larger follicles in the impala ovaries declines

during preghancy.

5¢2e¢Te30 Ovulation. The obscrvation regarding the
largest follicle cited above, would appear to be
exceptional, for no others larger than 5,5mm were
seen, suggesting that this may be about the optimum 4
size attained before ovulation occurs.

The site of ovulation (or rupture site) is
characterised by a blister on the surface of the
ovary, seemningly appearing only after the proccss
has taken place.

There is no preference for which ovary is
responsible for ovulation. In 20 corpora luteca
examined, 10 werc situated in the left ovary, and 10
in the right. Similarly, on the basis of the site
of the largest follicle, therec is again no preference;
24 such follicles were observed in the left ovary
between February and May, and 18 in.the right. This
difference is not significant:X°= 0,286, d.f.= 1,

p =>=0,5,.

The sample was too small to detect the phenomenon
observed by Watson (1969) whercby the right ovary
showed a teondency to produce the first ovum to be
fertilised in ecach animal,

In the light of Watson's (1969) observation
that a "silent ovulation™ may be necessary in some
animals to serve as a stimulus for overt oestrous,
it is interesting to note that five of six impala
in this study that had very rccently ovulated or
conceived (according to the presence of a lumen in
the corpus luteum of prognancy); also had a smaller
luteinised structure which at the time was noted as a
"luteinising follicle®, This was paler in colour
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and smaller than the corpus lutcum of pregnancy, and
is thought to be a rcgressing, . lutcinised corpus
lutcun of ovulation. However, in view of Fairall's
(1970) findings that impala have ocstrous cycles of
12 or 29 days, it is surprising that not morc than
one animal that had not yet conceived was found to
have a corpus lutcum of ovulation. A larger sample
nay rcveal something more definite.

D5e2eTela Corpora lutea. The first corpus. luteum found
was from an animal collected on 18th May, and.measured
7, 6mn, Another from the same day measured 3,8mn,
but was accompanied, in the same ovary, by a smaller
luteinised structure, The next smallest corpus
luteum measured 4,8mm, Ls with the follicles, the
diameter of a corpus luteum was taken as the mean of
two measurements on the cut surface showing the

largest diameter.

The mean diameters of corpora lutea, together
with their standard deviations, are shown in Table 9
for each of the four months in which they were

examined.

There is a definite upward trend with
increasing pregnancy, as shown by other workers for
other species (Watson, 1969, Spinage,1969b), but
the sample does not extend far enough into preghancy
for any later tendencies to show up. Nevertheless,
corpora lutca from the 1969 sample had mean diameters
of 7,35mm (n=20) and 7,91lmm (n=16) for the months of
May and June respectively. (The peak of conceptions
took place some three weeks earlicr in 1969 than it
did in 1970). This sample exhibits a similar

tendency.

As nentioned earlicr, (Watson,1969) reported
slight changes in the size of the corpus luteum
with the advance of pregnancy in wildebeest, whercas
Spinage (1969b) reported no such.change after the
initial increcase to maximum size. Cloete (1939)
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Table 9. Mean diameters (in mm) and the standard
deviations of corpora lutea, observed in

ovaries of impala in lMkuzi Game Reserve.

MONTH| SAMPLE SIZE MEAN  RANGE SeD. Y
(n)
May 4 5,88 3,8 = 7,6 X 1,88
June 8 6,58 4,8 - 7,8 X1,32
July 1 7,00 - -
Aug. 7 7,52 4,9 = 8,2 X 1,09
% Se¢Ds = ©Standard Deviation
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quotes evidence that the bovine corpus luteum does not
decrease in size, whilst Quinlan and Mare (1931) found
that the ovine corpus luteum does so from about the.
end of the 4th morth (in a five month pregnancy), i.c.
about four fifths of the way through pregnancy. The
inference here is that.the evidence for this phenomenon
is as yet inconclusive, or else there is wide variation
within the various groups.

The smallest corpus lutcum scen in August
(4,9mm) was found in an animal which had an embryo
undergoing resorption. This fact probably accounted
for the small size of the corpus luteum, which was
2,1mm smaller than the next smallest. The mass of
the embryo could not be detecrmined as it was already
merely an amorphous, bloody smear in the uterus.
Other cmbryos obtained in the same weck had a mean
mass of 117,8g.

5¢2eTe5e Corpora albicantig,. Counts of corpora
albicantia were made in the hope that, as in wildebeest
(Watson, 1969), thesec might give some indication of
agce. However, as will be seen from Table 10, the
mean number of corpora albicantia per pair of ovarics
(unpaired ovaries were omitted from the sample) shows
no trend whatsocever, and it must be concluded that
this feature in impala is unreliable as an indicator
of past breeding history.

There is a significant absence of corpora
albicantia in the juvenile (0-12 month) age class, and
the presence of one corpus albicans in each of seven
of the 12 animals in the 12-24 nmonth class, This
latter suggests strongly that in the sample more than
half the juvenile animals bred. Thig will be discussed
in its proper context in a later seetion,.

As has been notcd by other workers (Watson,
1969) the corpora albicantia tend to become compressed
by follicles and corpora lutca of later pregnancics,
so that frequently they are secn as.mere thin brown
strcaks. It is highly likely that, were two or more
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Table 10, Counts of corpora albicantia in impala
of all wear classes from Mkuzi Game
Reserve, (n = number of pairs of ovaries

in sample).

AGE/MEAR CL4SS n  No,OF C.A. MEAN RANGE
0-12 months 4 0 .O -
12-24 months 12 7 0!58 O-1

Nil 15 8 0,53 1

L 13 22 1,69 1-3
/M 11 16 1,45 0-4
M 1 0 0 0
1/H 5 8 1,60 1-2
H 2 6 3,00 2~4
V.H. 2 5 2,50 2-3
E.H. 4 8 2,00 1-3
E.He+ 3 10 3,33 5
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corpora. albicantia to become adpressed, it would.not
bce possible to distinguish them from one another,
Similarly, it is not unlikely that the action of a
corpus luteum could split a corpus albicans, so that
it would appear as two, The.first-mncntioned fact
may account, at least in part, for the low counts
_obtained in many spccimense.

502746, Pregnancy and implantation., . Several authors
(Mossman and Mossman, 19623 Stewart,persecomn; and
Skinner, 1969) have rccorded the phenomcnon of
unilateral implantation in impala, The present study
confirms this in that in every case but one examined,
the right uterine horn was either enlarged — as a
result of previous pregnancies, swollen - in
preparation for rcceipt of the fertilized ovum, or
bore the embryo, The onc cxception was a specimen
collected in February with the left horn more
enlarged than the right. This can hardly bec taken
as irrefutable cevidence as it may have bcen duec to a
pathological condition in the non-pregnant utecrus,

No cases of twins were found, although, as
Kayanja (1969) has shown, this is not impossible in
impala,

5e2e84 Gestation period and foctal growth.

To establish the preecise peak of conceptions
is not an easy matter on the basis of behaviour or of
general observation, However, it is possible fron
the results of the present study, to deduce that the

" optimum data in 1970 fell during the latter half of
May. None of the animalg collected prior to 15th
May were found to have corpora lutea, although all
contained large follicles in one or other of thoir.
ovaries, Those collccted after that date however,
were found to have corpora lutea in various stages of

development.

Further evidence for such a timing is to be
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found by establishing the peak parturition period,

and working back, assuming a known gestation pecriod.
As described earlier, the gestation period of impals
has been shown by Pairall (1969) to be 196 days,

Basch (1964) however, puts it at 204 days. This
diffcremce may be on account of the innate differences
between individuals = be they duc to age or not -

or it may be an cecnvirommental factor influencing the
gestation period, as suggested by Watson (1969) for
wildcbecst.

With a gestation period of 196 days, the conception

peak, based on a parturition peak betwecen 6th and

13th Deccmber - which was the case in 1970, would have
been between 2lst and 28th May. With a gestation
period of 204 days, on the other hand, the conception
peak would have becn between 13th and 21st May. Both
these dates agrce closely with the earlier decduction
made from the data obtained from ovarian analysis.

As a ncans of deriving a formula for the prediction
of conception age from the mass of the foetus, according
to the method of Huggett and Widdas (1952), the date
selected as the mean date of conception is 20th May.
This is a fair compromise in the light of the
arguncnts presented above.

The derivation of the sample regression cocofficient
("b") is shown in Table 11,

The sample regression equation is thercfore
calculat~d as follows (Snedeccor, 1956; 124):

¥ y=b (X - %)

& Y- 7,15 = 0,102 (X -~ 107)
% = 7,15 + 0,102 (X - 107)

[

Y= 3,7 + 0,102

This sample rcgression is plotted in Fig.ll,
together with the interval estimates at the 95% level
i i here b - % < B X
for the population regression, where ,OBSb 4;f5~§_

b+t 055b t 05 with 16.degrces of frcedom = 2,2120,
By caiculation,’0,088$£s(%116.
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Table 11, Calculation of the sample regression
cocefficient of the cube root of the foetal
weight (Ww3) on the conception age of impala
in Mkuzi Game Reserve, -

(n = number in sample)

CONCEPTI ON
AGE  n| MASS w3 ODEVIATIONS ,SQUAREJ x
X(days) w Y X v x° y ¥

42 1 1,15 1,1 =65 =6,05 4225 36,60 393,3

63 1 9,40 2,1 =44 =5,05 1936 25,50 222,2

72 3 60,40 3,9 =35 =3,25 1225 10,65 113,8

77 1| 114,8 4,9 =30 =2,25 900 5,06 67,5

78 1! 139,9 5,2 =29 =1,95 841 3,80 56,6

90 4| 113,6 4,8 ~17 =2,35 289 5,52 40,0

91 4| 122,0 5,0 =16 =2,15 256 4,62 34,4

101 1| 35,8 7,1 -6 =-0,05 36 0,00 0,4

103 3| 398,1 7,4 -4 +0,25 16 0,06 ~1,0

106 1| 390,1 7,3 =1 +0,15 1 0,02 =0,2

107 2| 431,7 1,6 0 +0,45 0O 0,20 0,0

108 3] 183,2 5,7 + 1 =1,45 1 2,10 -1,4

122 1| 314,4 6,8 +15 =0,35 225 0,12 =5,3

128 2| 411,0 7,4 +21 +0,25 441 0,06 5,3

142 1] 1405 11,2 +35 +4,05 1225 16,40 141,8

151 1| 1907 12,4 +44 +5,25 1936 27,56 231,0

161 11 2248 13,1 +54 45,95 2916 35,40 321,3

185 1 3870 15,7 +76 +8,55 5776 73,10 649,38
Total 1924 32 128,7 - 1 0,0 22245 246,68 2269,5

Mean 107 7415

Sample regression coefficient, b =Xxy =2269,5=0,102
2x% 22245
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Ao sample regression line intercepts the X axis at

3735 days, so that this figure can be inscrted in the
general equation of Huggett and Widdas (1952), namely
W= a(t - t,), to give W5 = 0,102 (t - 37,5).

This compares with the formula of W3 = 0,11 (t - 39)
obtained independently by Fairall (1969) and Rocttcher
et_al (1970). In view of the small size of the sample,
this is considered to be a very reasonable
approximation,

The confidence limits calculated above embrace the
sample regressions of Fairall (1969) and of Roettcher
et_al (1970).

A calculation of "“goodness of fit" (Snedecor,l966:
126) was then carried out according to Table 12,
With ¥ = 15,65 and d«.f. = 16, the regression is highly
significant (P<.0,001),

The formula dcrived above was usced to calculate
the theorctical mass at weekly intervals for comparison
with Fairall's (1969) massces. This comparison is
shown in Table 13.

These two studics reveal a very close similarity
up to the last two wecks of gestation, Thercafter,
Pairall's animals show a more rapid rate of development,
which may be due to the small size of the prescnt
sample., Such a conclusion also implies that the
Huggett and Widdas formula may not be applicable in
late pregnancy.

It should also bec pointed out that Cloete (1939),
whilst working on foetal developmcnt in sheep,
rnentions that several factorg may influcnce foetal
nass, amongst which are the following:

1. Genetic influcnces of the dam, and possibly
also of the sizc.

2 The sizc and condition of the dam. It is
possible that larger females produce larger nconates

(probably genetically controlled), whilst condition
of the dan scems t0 be effective only in extreme cascse
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Table 12, Test of significance of the sample
regression coefficients (b = 0,102) of the
cube root of the mean foetal mass on the
conception age (in days) of impala in
Mkuzi Game Reserve.

CONCEPTION MEAN EST, DEVILTIONS SQUARES
LGE (days) MASS MASS FROM REGRESSION OF
(Y~-Y¥Y) _ DEVIATION
X Y Y dy. dy.x2
42 1,10 0,45 0,65 0, 4225
63 2,10 2,60 ~0, 50 0, 2500
72 3,90 3,60 0, 30 0, 0900
7 4,90 4,03 0,87 0,7569
78 5 20 4,20 1,00 1, 0000
90 4480 5543 ~0,63 0,3969
91 5,00 5454 -0, 54 0,2916
101 7,10 6,55 0,55 0,3025
103 7,40 6,75 0,65 0,4225
106 7,30 7,06 0,24 0,0576
107 7,60 Tyl7 0,43 0,1849
108 5,70 7,27 -1,57 2,4620
122 6,80 8,70 -1,90 3,6100
128 7,40 9,32 ~1,92 3,6864
142 11,20 10,74 0,46 0,2116
151 12,40 11,65 0,75 0,5625
161 13,10 12,67 0,43 0,1849
185 15,70 15,13 0,53 0,2809
L . ~0,20 15,1737
Mean sq@aré deviation from. o
regression, Sy.x2 = 'dy.xz//n”2 _ 15,1737
Sample standard deviation from = 0,948
regression, sy.x = /0,946 = 0,974.

Sample standard deviation
of regression

coeffiéiocnt, Sp = Sy.x. V/EE,x§ = §587g
]

Students t = s, = 0,102/ qog5 = 15165+ def216 P<C0,001

This indicates a very significant "goodness of fit™
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Table 13. Theoretical masses of foetuses of impala from
Mkuzi Game Rescrve at weekly intervals,derived
from the sample regression coefficients of
Pig.1l, together with the corresponding masses
and confidence intervals of Fairall (%969) for
impala in Kruger National Park,

————————_— ———

MASS IN GRAMS M4SS IN' GRAMS CONFIDENCE INTERVALS

WEEK (this study) (Pairall,1969) (Pairall,1969)
4 0;4 0;3 = 0,5

5 . 1,9 0,0 =~ 3,8

6 0,9 2,9 1,8 =~ 4,0

T 1,6 12,2 8,3 ~ 16,1

8 6,8 10,6 2,3 - 18,9
9 17,6 28,9 19,9 - 37,9
10 36,6 45,4 34,8 =~ 56,0
11 65,4 5645 47,5 = 65,5
12 106,5 105,8 103,4 - 108,2
13 162,8 111,0 86,5 =~ 135,5
14 234,9 150,6 90,6 - 210,6
15 327,1 320,8 150,8 - 390,8
16 439,0 395 330,0 = 460,0
17 573,9 340 275,5 =~ 404,5
18 736 855 705,0 = 1005,0
19 924 852 750,0 -~ 954,0
20 1141 1245 1093,0 ~ 1397,0
21 1395 1430 1317,0 =~ 1543,0
22 1677 2150 1935,5 = 2264,5
23 2000 1881 1710,0 =~ 2052,0
24 2358 2335 2141,0 -~ 2529,0
25 2762 2739 2307,0 - 3171,0
26 3203 3105 2680,0 -~ 3530,0
[ 27 3688 4160 4086,6 = 4243,4
. 28 4228 5370 5334,0 = 5406,0
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3 Age, Mature female sheep produce larger
lambs than do younger animals, whilst aged femalcs
also tend to produce smaller lambs. This influence
was found in sheep to obscure the cffect of sex.

4, Sex of foetus. Male embryos tend to be
heavier than females, even at a comparatively early
stage of development.

In tho light of this, the method of Rocttcher et al
(1970) for deriving a regression of foetal mass on
conception age in impala with no fixed breeding scason,
would appear to be open to question. However, they
had no neans of allowing for differcnces as there were
no foctuses of known conception agee.

By the same token, the variation in foetal mass
found in the present study could have been affccted to
some extent by differences in the foetal growth rate,

By calculating the standard deviation of the x
values, i.e. cstimated conccption age, from the
regression line, it is possible to deduce from the
sample that about T70% of the obscrved preghnancics
were conceived in an 18-day period: ninc days on cither
side of the optimum conception date as discussed above.
The.standard deviation of the x values is calculated
as 9,27 days.

At the 80% level the limits are 11 days on either
side, whilst at the 95% level, the limits are 17
days on cithcr side of the optimum conception date,
for the sample examined.

5.2.9.  Agc-specific fertility.

Results of the present study show how in the
sample of 57 females collected between May and
Scptember, seven were juveniles (0~12 months), seven
were "immature®" (12-24 months), and 43 were adult.

Of the adult animals, 38 werc rccorded as pregnant;
a further three,colleccted in May, had either just
ovulated or contained onc large Graaffian follicle,
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onc (collected on 1lth June) contained a small (2,5mm)
lutcinising follicle and onc large (4,0mm) follicle,
and the remaining one was apparcntly a barrcen female
in the E.,He.+ tooth wear class. This last-mentioned
animal had no Graaffian follicles whatsocver, the
ovaries being composed cntircly of conncctive tissue.
If onc assumes that the other four non-pregnant
females would have been fertiliscd, then 42/43

(97,7%) adults werec fertile.,

A1l scven of the 12-24 month-~o0ld females were
pregnant, i.c. 100% fertility, whilst one of the scven
juveniles (14,3%) was pregnant. Thus for animals over
onc year of age, the fortility rate in the sample was
98%.

As mentioned carlicr, however, onc of the 12-24
month~o0ld females containcd a foctus in the process
of becing resorbed. This reduces the fertility rate
to 96%,

In the 1969 sample there were no juveniles, but
all of thc 39 animals collccted werc cither pregnant
or had large developing follicles. However, in the
1970 sample, six out of 20 (30%) animals betwecen 12
and 24 months old had corpora albicantia, suggesting
that they had bceen pregnant in 1969, This figurc of
30% fertility in 1969 comparcs with that of 14,3% for
1970.

In 1965, I.B.Stewart (Unpublished rcport, Natal
Parks Board) rcports that 38,5% of 26 “subadult® (l2-24
month~-old) animals from Mkuzi Gamec Reserve were
lactating, also indicating that they had given birth
ag l2-month-0ld animals in 1964. This figurc is
surprisingly high, particularly when it is considered
that some of the 16 other females may have lost theoir
lambs and ccascd lactating. She also found that two
out of 27 (7,4%) juveniles werc pregnant.
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502,10, Sex ratios.

e

Finally, in order to provide comparisons with
other populations, the sex ratio of the study
population has been determined from a scrices of
sample counts carricd out in connection with a
scparate investigation,

It is found impossiblc to separate mature
females from juveniles in the field with any
reliability after the juveniles have achicved an
age of about nine months. Consequently, tha scx
ratios arc derived from the animals over 12 months
old, between January and September, and from animals
over nine months old; between October and December.

Over a period of necarly two years, the mcan
of all samplcs taken réveals a sex ratio of the
age classcs described above of 18 : 1,719 or
5833 3 10099, The range of variation among these
13 samples is from 18 : 1,39 (7633 : 1009¢) to
18 : 2,399 (4338 : 10099).

The range of variation, which incidentally
showed a progressive change with time, corrcsponds
closely to the sex ratio obscrved in other arcas by
other workers, as outlined in an carlicr scction.
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CHAPTER 7.
SUMMARY .

This work rcvicws the literature on rcproduction
in African ungulatcs, with particular cemphasis on the
impala (Acpyccros melampus). Original rescarch on a
population of this spccics occurring in Mkuzi Game
Rescrve, Zululand, is rcported upon.,

The most overriding influence on this particular
population is the fact that it is scasonally breeding in
naturc and, unlikc other populations that havec becen
studicd in East Africa, the rcproductive procecsscs
bchavioural, anatomical, and physiological -~ cxhibit a
rcgular cyclic pattcern. This rendcrs much of the data
a good deal casicr to analyse and interpret.

As a means, primarily of cstablishing such
paranctcers as the age at which scxual maturity is
achicved, a mothod of ageing, initially on the basis of
tooth cruption and rcplacement and in older animals, on
molariform tooth attrition, was worked out. Results
indicate that females are capablce of breeding at about
six months of age, whilst malcs, albeit potentially
capable at about 13 months, probably do not in fact take
part until they arc at lcast three or four yecars old,
when they sre socially and physically rcady to compete for
territories.

The paircd testes mass coxhibits a pcak during the
time of the rut in May; +this is preceded by a prolonged
pceriod during which it slowly increcases, probably duc to
increased. testicular activity brought on by improved
nutrition, and is succccded by a rapid declinc in the
nass to its lowest point in the cycle in winter, This
cycle is closely followed by bchaviour associated with
territoriality.

The ovarics also show increascd activity with the
improved nutritional planc between October and May, during
which time follicular decvelopment takes place, Just
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prior to the rut, a "silent® ovulation occurs, and this is
followed by overt ocstrous which is synchronised to the
extent that ncarly 80% of the conceptions arc registcred
in a period of 14 days. Ovulations appcar to be in

cqual proportions from the left and right oVary, as shown
by the prescncc of corpora lutca of pregnancy. The corpus
luteum of pregnancy is pcrsistent, and appcars to increase
slightly in diametcr, at least up to the 4th month of
gestation, It also persists for some yecars after
fulfilling its function, as a corpus albicans or pigmented
sear; however it is not possible to usc this featurc as

a means of accurately assessing the breeding history of

an individual,

The gestation period, detcrmined on a population
basis, is between 196 and 204 days, the peak of births in
1970 occurring in the sccond weck of Dccember, The
regression, the cube root of foctal mass on conccption age,
is a straight line, and the rclationship between the two
paramcters is shown by the formula W = a(t-to).

In 1970, 14,3% of the juvenile (O-12 month old)
females were pregnant, whilst counts of corpora albicantia
revealod that 30% of the juveniles in 1969 had been
pregnant. The scex ratio of males to females in the Mkuszi
population, which is artificially controlled numcrically,
was found to be 1 ¢ 1,7.
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reproductive tract of impala,

T = Tcstes 4 = Anpullae

E = EFEpididymides oV = Seminal vesicles
PP = Pampiniform plcxus BU = Bulbo—-urcthral glands
VD = Vasa deferentia P = Penis
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Fig. 8. General view of the complete female
reproductive tract of impala.

FT = DPallopian tubes 0] = Ovaries
CU = Uterine cornua BL = Broad ligament
¢ = Clitoris v = Vagina
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Fige 10e The mean number of follicles greater than 2mm
in diameter (¢———c) and of those less than
2mm in diameter (e------— ©) in all the ovaries
examined, plotted against times The figures
in brackets denote the number of ovaries examined.
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