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ABSTRACT 

The st~dy investigated aspects of the feeding ecology of kudus 

that could indicate their nutritional status, and which might 

affect their population performance; i.e. (i) potential food 

abundance, measured as the biomass of available £orb and woody 

plant leaves (ii) the nutrient content of potential food (iii) an 

index of accepted food abundance, given by feeding time achieved 

per unjt distance moved while foraging (iv) an index of food 

intake rate while foraging, given by the proportion of foraging 

time spent feeding (v) diet composition (vi) differences be= 

tween food types in acceptance, as indicated by selectivity 

ratings. 

Pot0ntial food was most abundant in the lat~ wet season at 60 g 

dry weight per rn 2 and least abundant in the late dry season at 

12 g per rn 2
• Forbs were less abundant than woody plant foliage, 
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but comprised about 65 per cent, as opposed to woocy plants 35 

per cent, of the kudus' diet during most of the year. 

The selectivity ratings of the various food types were positively 

correlated with their leaf protein, phosphorus and water contents 

in the wet season, suggesting that the kudus selected for plants 

with a high nutrient content. In the dry season, however, there 

was no relationship between acceptance afid leaf 11utrient content. 

This was because the kudus favoured woody plants armed with thorns 

during the wet season, but increased their acceptance of unarmed 

woody species in the dry season, despite the fact that the armed 

species averaged higher in nutrient content throughout the year. 

Thus plant structural defences may have outweighed leaf nutrient 

content as a factor influencing selection in the dry season. 

The index of accepted food abundance provided a satisfactory 

reflection of seasonal and between-habitat variations in food 

abundance as experienced by the kudus, but it5 reliability would 

be increa~~d if it were accompanied by measurements o[ the rate 

of food intake per unit time spent feeding. This index offers a 

means of monitoring long-term changes in the quantity of food 

available to kudus, and of determining whether their population 

is limited by food availability. 
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INTRODUCTION 

Food is considered by many authorities to be the ultimate resource 

limiting animal populations (e.g. Wilson 1975, White 1978). The 

point has been seriously questioned (Chitty 1967) but for large 

African herbivores there is some evidence to support it. 

The biomass of large herbivores in different savanna regions shows 

a close positive correlation with mean annual precipitation (Coe, 

Cumming and Phillipson 1976, Sinclair 1977). Since annual preci= 

pitation is known to be the major determinant of primary produc= 

tion in the arid and semi-arid regions of the world (i.e. regions 

with less than 700 mm precipitation per annum) the correlation 

indicates that the carrying capacity of savanna ecosystenis for 

large herbivores depends of food availability, which is in turn 

related to primary production (Phil lips on 19 7 5, Coe et ~. 19 76) • 

Precipitation in the Kruger National Park (like that of southern 

African su~mer rainfall areas in general) tends to follow a 20 

year oscillation, with about 10 years above average and 10 years 

below average (Tyson and Dyer 19 78, Gertenbach 1980). There are 

indications that past fluctu2tions in ungulate numbers in the 

Kruger Park were associated with variations in rainfal 1 (Gertenbach 

1980). Long-term studies of ungulate populations i<l the Pork could 

therefore yield valuable insights into relationships between popu= 

lation dynamics, precipitation and food availability. The Kruger 

Park kudu population is in many respects well suited to such a 

study (see Owen-Smith 1979). Kudus are individually recognizable 

by the pattern of the stripes on their flanks and this, together 

with the fact that adult cows associate in di~crete groups, allows 

accurate monitoring of population changes. Starting in 1974 Owen­

Smith has made annual counts in two study areas, one near Tsokwane 

in the Central District of the Park and the other near Pretoriuskop 

Rest Camp in the south. 

Results have shown that the 1970 's was a period of steady increase 

in the kudu population, numbers more than doubled from 1972 to 

1978. This may be associated with the fact that the 1970 's fell 

within a high rainfall phase (Owen-Smith w1publis~1ed) 
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The preseat study, extending from 1975 to 1977, concerned the 

feeding ecology of the kudus in the Tsokwane study area during 

the phase of population expansion. Its aim was to measure para= 

meters that reflect the nutritional status of the population. 

Comparison of the results of this study with those of future 

studies done during a population decline phase may reveal the 

importance of the food supply as a factor limiting the popula= 

tion. Before discussing the actual parameters that were measured 

the interrelationships between nutrition and population perfor= 

mance arP- reviewed briefly. 

In order to meet its requirements for maintenance, growth and 

reproduction an animal needs to 1maintain a certain rate of assi= 

milation of nutrients into its tissues. The relationship between 

the nutrient assimilation rate on the one hand and nutrient re= 

quirements on the other indicates the nutritional status of the 

animal. The greater the deficit between assimilation rate and 

requirements the lower will be the animal's fitness and capacity 

to reproduce. Relationships between nutrition and fitness ~an be 

subtle; malnutrition tends to interact with disease and preda= 

tion in reducing survival and reproductive output. Inadequate 

nutrition, for example, can impair the immune system, leading to 

pathogenic infection. The infection reduces the animal's capacity 

to feed itself, resulting in further reduction in disease resis= 

tance and yet more serious malnutrition (Sinclair 1977). The 

dependence of reproductive cap~city on nutrition is well esta= 

blished (Sadleir 1969). Undernourished females show reduced 

ovulation rate (e.g. Fletcher 1981), and malnutrition during 

pregnancy reduces the size of the offspring and its chances of 

survival (Thorne, Deane and Hepworth 1976). The high nutrient 

cost of lactation places even more strain on maternal nutrition 

than pregnancy (Sadleir 1969, Moen 1973). 

Under conditions of reduced food availability the rate at which 

a ruminant can assimilate nutrients may be limited in two ways. 

If the animal accepts only items offering a high nutrient content 

the scarcity of such items would mean a high searching time during 
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foraging, and consequently a low food ingestion rate. If the 

animal accepts greater quantities of lower quality food, not 

only is the nutrient concentration of the diet reduced but the rate 

at which it digests and passes through the digestive tract is 

slower (Blaxter, Wainman and Wilson 1961, Van Soest 1965). In 

either case the net result is a lowered rate of nutrient assimi= 

lation. 

Whether or not nutrition is likely to limit population perfor= 

mance could be most directly determined by evaluating thP nutri= 

tional status of the animals, that is by measuring their daily 

intake of metabolizable nutrients and assessing whether this is 

sufficient to meet their daily requirements. However, data re= 

quired far reliable estimates of nutrient intake rate are diffi= 

cult to obtain for free-ranging wild ungulates. For the kudu 

study a more feasible approach was to measure aspects of feeding 

ecology which provide a reflection of the nutritional status of 

the population. These measurements could then be used as indices 

to determine whether fluctuations in the food supply are associa= 

ted with population changes. 

With the objective 0£ deriving such indices Owen-Smith (1979) 

advanc2d a conceptual model identifying relationships between 

nutrient i~take rate, foraging performance and food abundance in 

the habitat. Summarized briefly these relationships are as 

follows: The vegetation structure of the habitat in conjunction 

with the body size and digestive capabilities of the animals de= 

termines the abundance of vegetation components that could poten= 

tially be accepted. Potential food abundance is thus defined as 

all the vegetation components that the animals might eat at some 

time or other. But herbivores will not accept all of the poten= 

tial food available at any one time; their response may change 

with habitat conditions, for example when food is scarce they may 

accept lower quality items which are rejected under more favourable 

circumstances. Within any defined period potential food can be 

divided into accepted and rejected fractions. The ~riteria wl1ere= 

by the animals accept or reject potential food items therefore 
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defines accepted food abundance. Daily fo0d intak~ is determined 

by the rate at which the accepted vegetation compone11ts are ingested 

per unit time spent foraging together with the proportion of the 

day devoted to foraging. (As used here the term foraging includes 

feeding, moving between food items, as well as short bouts of other 

activities - such as defaecation, urination or standing alert -

which occur within the main foraging spell.) The nutrient content 

of the accepted food determines the daily nutrient intake and ul= 

timately the nutritional status of the animal. 

Thus to provide a reflection of habitat conditions that are re= 

lated to nutritional status data are required on the following: 

(i) The abundance of potential food in dry weight per unit 

ground area. 

(ii) Differences in acceptance between the various food types 

available to the animals, and the way in which acceptance 

changes with changing conditions. (The term acceptance 

is used to mean the fraction of a particular focd type en= 

countered by an animal that it actually eats - Owen-Smith 

1979). The acceptance of a food type can be estimated by 

comparing its relative contribution to the diet ~ith its 

relative availability in the habitat (see Petrides 1375, 

Chesson 1978). 

(iii) The abundance of accepted food. 

(iv) The rate of food intake while foraging in dry weight per 

unit time. 

(v) The activity budgets of the animals (the proportion of the 

day devoted to foraging, resting and other activities). 

(vi) The nutrient contents of the various vegetation components 

included in the diet. 

Given the maximum height at which the animals can feed plus general 

information on their diet it is possible to estimate potential food 

abundance by using appropriate vegetation sampline techniques. 
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However one cannot predict the vegetation components that a given 

herbivore population will accept under particular conditions, and 

so acceptable food abundance cannot be measured by sampling from 

the vegetation. The rate at which free-ranging ungulates ingest 

food is also extremely difficult to measure. Thus as an index of 

accepted food abundance Owen-Smith (1979) measured the feeding 

time achieved per unit distance moved while foraging, and as an 

index of food intake rate while foraging he measured the proper= 

tion of foraging time spent actually feeding. These indices in= 

elude the assumption that feeding time provides a reliable reflec= 

tion of quantitative food intake. 

Owen-Smith (1979) made a preliminary evaluation of the two indices 

for kudus in the Tsokwane study area in the Kruger National Park 

during 1974-75, and also examined seasonal variations in diet 

composition and activity budgets. His results indicated that the 

indices are sensitive to variations in habitat conditions. How= 

ever since no measurements of the abundance and nutrient content 

of potential food were made the relationship between the indices 

and habitat conditions needed closer evaluation. 

In the present study potential food abundance in the ~sokwane 

study area was estimated with two main aims in mind: 

r.) 
\.1 to examine relationships between potential food abundance 

and the indices of accepted food abundance and food intake 

rate while foraging 

(ii) to estiwate the acceptances of different food types by 

comparing their relative contribution to the kudus' diet 

with their relative abundance in the habitat. 

Specific questions which the study attempted to answer were: 

(i) What are the seasonal and between habitat variations in 

potential food abundance, and how sensitive are the indices 

to these variations? 

( .. ') 11., How does the nutritional value of the different food plants 

vary over the seasons? 
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(iii) What are the differences between food plants in acceptance, 

how does this vary between seasons, and what are the 

factors underlying acceptance? 

(iv) To what extent are the indices likely to give a 

meaningful reflection of habitat quality and nutritional 

status of the kudu population? 

The results are presented in three chapters; the first dealing 

with the abundance and average nutrient content of potential food, 

the second with diet composition and estimation of acceptance, and 

the third with relationships between the mdices and potential 

food abundance. In the four th and final chapter the daily nutrient 

requirements of kudus are estimated from data on domestic and 

other wild ruminants. A rough approximation of daily nutrient 

intake is derived for comparison with the estimated requirements. 

This is done with the aim of identifying data requirements for 

relia~le assessment of the nutritional status of the population. 

Previous studies on the diet of kudus 

A number of studies have reported the composition of the diet of 

kudus (Brynard and Pienaar 1960, Wilson 1965, 19 70, Conybeare 

1975, Giesecke and Van Gylswyk 1975, Owen-Smith 1979) but none 

have iDcluded quantitative estimates of the availability of di£= 

ferent dietary components. All have shown that kudus are pre= 

dominantly brov;sers, eating leaves, shoots and reproductive parts 

of woody plant: as well as £orbs, but generally accepting only 

small quantities of grass. The number of species accepted is 

large; Brynard and Pienaar (1960) list 147 species of food plants 

in the Kruger National Park. Diet composition has been shown to 

vary seasonally. Conybeare (1975), in Wankie National Park, 

Zimbambwe, and Owen-Smith (1979) in the Kruger National Park, both 

repcrt that although leaves and shoots of trees and shrubs are 

eaten throughout the year they make up the bulk of the diet in the 

early wet seas on. Herbaceous plan ts are more prominent in the 

Jict in the late wet season than at other times of the year. 
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As is typical of browsers, kudus have a relatively small rumen 

capacity, and the rumen is adapted to a rapid throughput of food 

(Hofmann and Stewart. 1972, Giesecke and Van Gylswyk 1975). Grass 

tends to be digested more slowly than browse (Short, Blair and 

Segelquist 19·74) and grazers typically have a capacious rumen 

designed to retain the food longer (Hofmann and Stewart 1972). 

The digestive capabilities of kudus would thus limit them from 

accepting mature grass. 

THE STUDY AREA 

The study area was the surroundings of the Nwamuriwa Hills, 

situated 4,5 km due east of the Tsokwane Ranger Statjon, in the 

Central District of the Kruger National Park. There are two hills 

which rise abruptly from the surrounding plain: Nwamuriwa, the 

larger southern one (highest point 410 m a.s.l.) and Nwamuriwane, 

or Little Nwamuriwa to the north of it (highes"!:". point 330 m a.s.l., 

see Fig. 1). The two hills are li~ked by a saddle which rises 

slightly higher than the surrounding flats, which vary between 

240 m and 260 m above sea level. 

The rocks of the region are volcanic. The Nwamuriwa Hills are 

composed of granophyre while the underlying rock of the plains 

is basalt. As with many hills in the African savannas (KiLg 

1967) there is a sharp break in profile between the steep (roughly 

30°) hill slopes and the gently sloping (5 - 10°) to almost level 

ground surrounding the hill base (termed the pediment). The dis= 

tinct angle formed by the junction of the pediment and the stee~ 

hill slopes is termed the knick or piedmont angle (Small 1972). 

The sJ.opes are strewn with loose boulders from the knick to the 

crest of the hills. Scattered outcrops of bare rock occur 

generally at the hill crests but there is no free face or cliff. 

On parts of the pediment close to the knick there are scattered 

loose boulders but these are much less frequent than on the 

slopes. 
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There is good soi 1 cover on the pediment ~ud the under lying 

rocks are exposed in only a few places. There is viYtually no 

surface stone more than 100 m out from the knick. 

As may be expected there is a gradient of increasing percentage 

clay in the soils from the hill tops to the base and out across 

the pediment. Soil samples taken in National Parks Board surveys 

(Coetzee 1977) show 8,0% clay near the highest point of Nwamuriwa, 

11 ,4% at the mid-slope of Little Nwamuriwa and 37,1% on the 

basaltic plains at a distance of over SOO m from the hills. 

The vegetation of both the hills and surrounding plains is a 

moderately open savanna in which three main strata can be recog= 

nised: a herbl~yer composed mostly of grass with some £orbs, dwarf 

shrubs and seedlings of woody plants, an intexmediate layer of 

shrubs and saplings, and an upper layer of tall trees. Although 

physiognomy varies little over the study area there is a pro= 

nounced difference in species composition betw~en the vegetation 

of the hills and that of the surrounding plains. The dominant 

woody plan~ throughout the basalt plains is the knobthorn, 

Acacia nigrescens. This tree prefers clayey soils although it is 

seldom found in close proximity to water (Van Wyk 1972). On the 

crests of the broad interfluves Acacia gerrardii replaces it as 

the dominant woody plant. The dominant grass on th~ flats. on clay 

soils, is Themeda triandra, with Panicum maximum, Panicum 

coloratum, Digi taria pentzii and Bothriochloa insculpta as asso= 

ciated species (Coetzee 1977). Where there is less clay, such as 

on the pediment, the Panicum species are dominant. 

On the hills the dominant woody plant is the red bush-willow, 

Combretum apiculatum, a tree which is virtually confined to well­

drained sandy or rocky soils (Van Wyk 1972). The east facing 

slopes of the Nwamuriwa Hills are characterised by the presence 

of patches of Pterocarpus rotundifolius growing as a multi-

stemmed shrub. This species is virtually absent from the west 

facing slopes. The difference in species composition between the 

west and east facing slopes may be due to a soil water difference 

resulting from a different angle of bedding of the un,lerlying rocks. 
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The grasses tend !o be shorter and more sparse on the hills 

than on the flats, the dorninc~t species on the slopes being 

Panicum maximum and Digitaria pentzii with occasional Themeda 

triandra (Coetzee 1977). 

Although the species composition of woody plants on the hills is 

quite distinct from that on the flats there is in fact a gradual 

change i~ composition from the h~ll tops to the knick and out 

across the pediment. Acacia nigrescens is dominant on the pedi= 

ment and most sections of the lower slopes, but it declines in 

density with increasing height above the hill base. The density 

of Combretum apiculatum is higher on the upper slopes than lower 

down above the knick. Very few specimens of this species occur 

away from the hill base or outlyiag terraces. Between the pedi= 

ment and the outlying flats further from the hills there is no 

sharp distinction in the vegetation. Rather a gradual quantita= 

tive change is noticeable as one moves further from the knick 

(described in more detail in Chapter 1). 

Owen-Smith (1979) divided the study area into two major subdivi= 

sions. The first, termed the hill base ecotone, comprised the 

lower hill slopes (up to about 100 m from tho knick) and the 

pediment. The outlying flats he termed the knobthorn savanna. 

Owen-Smith arbitrarily chose the tourist roads running parallel 

with the knick (Fig. 1) as the boundary between them. 

Two other distinct vegetation types in the area are the riparian 

fringe along the bank of the Nwaswitsontso River (Fig. 1) and 

the Acacia tortilis savanna on the base-rich soils to the south­

west of the hills. 

Further subdivisions of the hill base ecotone recognised in the 

present study are discussed in Chapter 1. All vegetation samples 

intended to represent the hill base ecotone came from the zone 

extending 80 - 100 m upslope from the knick and up to 400 m out 

from the base across the pediment. Samples representative of 

the knob thorn savanna were all taken more than 400 m from the 

hills. 
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c1::..mate 

The Yegion is one of hot humid summers and warm-to-cool dry 

winters. Eighty-five per cent of the annual precipitation falls 

be tween October and March. The rain tends to fall in short 

intense thunderstorms, so that a high proportion of the annual 

precipitation can arrive within a few days. The pattern of 

rainfall over the study period (October 1975 to August 1977) and 

preceding years is shown in Fig. 2. The mean annual precipi ta-­

tion recorded at the Tsokwane Ranger Station for the period 1935 

to 1979 is 561 mm (Gertenbach 1980). The means for both study 

years (taken from July to June) were both considerably higher 

than this, 651 mm for 1975-76 and 668 ~m for 1976-77. In both 

summ~rs of the study (1975-76 and 1976-77) the rains arrived 

late (Fig. 2), the first good rain in 1975 came at the end of 

November and in 1976 in mid-November. In 1976-77 there was a 

drought between mid-December and the end of January. 

Temperatures in the Kruger Park can vary from o0 c to over 40°C. 

Mean daily temperatures (calculate~ by dividing the maximum 

plus the minimum by two) at Skukuza are about 27°C at the hottest 

time of the year (November-December) and 17°c at the coldest 

(June-July) (Smuts 1972). Temperatures are not recorded at the 

Tsokwa.L1e Ranger Station. 

Fires 

Two fires occurred during the study period. In September 1976 

the knobthorn savanna west of Little Nwamuriwa was burnt in 

accordance with the rotational burning program of the National 

Parks Board. In mid-January 1977 the vegetation was dry as a 

result of the drought and lightning started a fire which burnt 

Nwamuriwa Hill and surroundings (the area burnt in each fire is 

shown in Fig. 1). 
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The study population 

Kutlu cows associate in discrete groups, averaging four adult cows 

per group plus offspring at Tsokwane in 1976. Male young leave the 

cow group when about two years old, but females usually remain 

with their maternal group into adulthood. Each female group 

remains within a specific home range, the boundaries of which 

remain very consistent from year to year (Owen-Smith unpublished). 

The home ranges of neighbouring groups overlap extensively but in 

the study area there were no cases of-complete overlap between 

groups. 

Breeding is seasonal, most conceptions occurring between April and 

June, and most young being born between January and March. The 

adult bulls consort with the female groups only during the rut in 

April, remaining till July. There is no sign of territoriality 

among bulls, each bull simply attaching himself temporarily to a 

cow group (Owen-Smith , . .mpub lished) . Young calves lie out for the 

first few raonths after birth. The mother visits the calf perio= 

dically for suckling but in between rejoins her group. From 

about May the calves no longer lie out but remain with the mother's 

group. 

There were four cow groups who5e home ranges included the Nwamuriwa 

hills (see also Owen-Smith 1979). ~1ost observations were made on 

the adult cows of three of these groups: 

(i) The Nwamuriwa West Group, ranging on the west side of 

Nwamuriwa and the southern part of Little Nwarnuriwa, 

(ii) The Nwamuriwa I:ast group on the ~ast and north side 

of Nwamuriwa, 

(iii) The Little Nwamuriwa group, ranging over Little 

Nwamuriwa and the knob thorn savanna to the west and 

north of it. 

The range of all three groups overlapped in the saddle between the 

two hills. 
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Other large mammals in the study area 

The browsing ungulates most commonly seen in the study area, 

apart from kudus, were giraffe (Giraffa camelopardalis) and 

impala (Aepyceros melampus). Both these species were seen on 

the pediment and sometimes the lower slopes of the Nwamuriwa 

Hills but not on the upper slopes. Impala were more common in 

the adjoining Acacia tortilis savanna than in the study area 

itself. The waterbuck (Kobus ellipsiprymnus), predominantly a 

grazing antelope, occurred periodically throughout the study 

area, including the hill slopes and hill tops. Zebra (Eyuus 

burchelli) and wildebeest (Connochaetes taurinus) passed through 

the study area on migration but did not remain there year-round. 

Of the snaller antelope klipspringer (Oreotragus oreotragus) were 

fairly common on the hills, and steenbok (Raphicerus campestris) 

were sighted occasionally in the knobthorn savanna near the 

Nkongwana watercourse. Grey duiker (Sylvicapra grimmia) were 

seen twice on the pediment of the hill base ecotone and reedbuck 

(Redunca arundinum) occurred in the knobthorn savanna on tte 

northern end of the study area. Lone elephant bulls (Loxodonta 

africana) quite frequently passed through the area. The large 

predators lions (Pan thera leo) , leopards (P. pardus) a.nd spotted 

hyenas (Crocuta crocuta) were encountered fairly regularly, as 

weil as black-backed jackals (Canis mesomelas). 
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As discussed previously the objectives in measuring potential food 

abundance were firstly to provide an indication of habitat con= 

ditions that could be related to kudu population dynamics, and 

secondly to estimate the relative availability of the different 

plant species. It was therefore necessary to measure the abun= 

dance of vegetation components that would give a satisfactory 

indication of these aspects. It was also necessary that the 

procedures be clearly standardized so that comparable measure= 

ments could be obtained in future studies. 

As defined by Owen-Smith (1979) potential food comprises all the 

vegetation components that the kudus may at some time include in 

their diet, and since they do occasionally eat grass this may be 

regarded 2~ potential food. Howev9r, as noted, grass makes up an 

insignificant proportion of the kudus' diet but a substantial pro= 

portion of vegetation biomass, and including it in the estimates 

of potential food abundance would give a false impression of habi= 

tat quality for kudus. Estimates of potential food ab~ndance 

were therefore restricted to woody plants and £orbs (the t~rm 

£orbs is used here to include non-graminaceous herbs, creepers 

and dwarf shrubs). 

All species of woody plants and £orbs present in the study area 

were regarded as potential food. It is conceivable that some 

plants were never eaten by kudus, for example because of excessive 

concentrations of toxic compounds (Freeland and Janzen 1974), but 

no such plants were identified. Although there were some woody 

plants that were seldom eaten, all but the most rare species were 

seen to be browsed by kudus at some time during the study period. 

For £orbs however, the question remains open because it was not 

possible to determine differences in acceptance among plants in 

the herb layer. 
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Kudus accept leaves as well as shoot ends, but select mainly for 

the former, including shoots only incidentally with groups of 

leaves. Leaves are an easily identifiable component of potential 

food, but it was not possible to clearly determine the quantity 

of shoot ends that could be regarded as potential food. Newly 

emerging shoots are soft, but thicken and harden with age. 

Hardening proceeds gradually from the proximal to the distal end 

of the growing shoot, and there was insufficient evidence on which 

to define the maximum length of shoot end that could be accepted 

by kudus. In view of this uncertainty po ten ti al food abundance 

was me~sured in terms of leaves only. Thus an absolute measure 

of potential food abundance could not be obtained, but as a rela= 

tive measure the abundance of leaves should be satisfactory since 

the leaves are the CCD?onent th~t is favoured by the kudus. 

For the purpose of sampling,potential food was divided into two 

main categories: 

(i) Components in the tree-shrub layer, including all leaves 

within the maximum height reach of kudus but excluding 

those protected deep within thorny canopies (the estimates 

of maximum browsing depth and height reach are discussed 

be low) . 

(ii) Components in the herb layer, further subdivided into:: 

(a) the leaves of woody plant seedlings (defined as 

young trees and shrubs under 0,5 m tall), and 

(b) the leaves of herbaceous £orbs, creepers and dwarf 

shrubs (together referred to as £orbs). 

Nutritional value 

To assess habitat quality an ov~rall indication of nutritional 

value of food plants was required. For ruminants the nutritional 

value of a forage depends largely on its ratio of cell sap to 

cell wall. The cell sap is potentially digestible by all animals, 

whereas part of the cell wall is digestible only by symbiont 

micro-organisms in the digestive tract of herbivores, and part is 
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resistant to digestion (Van Soest 1967). In ruminants the rate 

of digestion is closely related to the proportion of cell wall as 

opposed to cell sap (Van Soest 1965); the greater the proportion 

of cell wall the slower the turnover rate of rumen contents. 

Voluntary intake of food depends on the digestion rate, so that 

if the diet has a high proportion of cell wall it digests slowly 

and appetite is depressed (Blaxter, Wainman and Wilson 1961). 

The concentration of protein in the forage is negatively corre~a= 

ted with the amount of cell wall. In young plant material the 

proportion of cell wall is low and the protein content high, but 

with increasing maturity the amount of cell wall increases and 

the protein content declinese Thus because of its negative rela= 

tionship with cell wall,protein provides an overall index of nu= 

tritiona1 value. A high protein content indicates a potentially 

rapid digestion rate and hence high food value, not only in terms 

of protein directly but also in the availability of energy and other 

nutrients (see also Owen-Smith and Novellie 1982). 

Important food plants in the study area were therefore analysed 

for cr11de protein content, and also phosphorus, calcium and 

moisture contents. 

Method~ for sampling available browse on trees and shrubs are 

quite different to those used for plants in the herb layer, so 

the two categories are dealt with separately below. 

PLANTS IN THE HERB LAYER 

METHODS 

The unit of sampling chosen for plants in the herb layer was a 

1 m2 quadrat. A 1 m2 wooden frame was about the maximum size 

which could be carried comfortably in the field. The largest 

convenient quadrat size was preferred because the statistical 

distribution of samples would be more likely to follow the nor= 

mal ciistribution required for application of parametric tests. 
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If a smaller quadrat were used a larger pr~portion of plots 

would include no £orbs and the distribution would be skew. 

1 8 

Preliminary non-destructive ~urveys were made in the hill base 

ecotone to see if there was a gradient in forb density, aerial 

cover and species composition from the hill slopes down to the 

base and out across the pediment (see Study area). Two transect 

lines were laid out, each extending 60 m up the slopes of Little 

Nwamuriwa and 240 m out from its base. Their positions were 

marked so that they could subsequently be relocated (transects 

11 and 13, Fig. 3). A transect was located in the following way: 

I arbitrarily chose a starting point next to the road (Fig. 3), 

then chose a number at random from a pack of numbered cards and 

walked that number of paces down the road. The transect ,vas then 

aligned so that it ran through this point at right angles tc the 

hill base. The general areas to be surveyed were selected simply 

because kudus had frequently been seen foraging there. 

The quadra!s were spaced at 10 m intervals along the transect. 

The number of individual £orbs rooted within each quadrat was 

counted. The aerial cover of £orbs was estirr.ated according to the 

following six point scale: 

Score 

+ 

1 

2 

3 

4 

5 

Cover 

0-5% 

5-20 % 

20-40% 

40-60% 

60-80% 

80-100% 

The species within each quadrat were identified if possible (imrna= 

ture £orbs without reproductive parts could not always be identi= 

fie d) . 

The southern transect (No. 11, Fig. 3) was first surveyed in 

November 1975 and the northern one (No. 13) in February 1976. 
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THE NWAMURIWA HILLS, KRUGER NATIONAL 
PARK, SHOWING THE LOCATIONS OF 16 BELT 
TRANSECTS FOR THE SURVEY Of- WOODY 
PLANTS. THE OUTLINE OF THE H1LLS IS 
INDICATED BY THE 310 rn CONTOUR LINES 
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Both were surveyed at intervals up to February 1977 in order to 

check whether the pattern of seasonal changes in forb density 

and cover was the same over all parts of the gradient. 

Sampling for estimation of £orb abundance in terms of weight per 

unit area began in July 1976 and ended in August 1977. The unit 

of sampling was again the 1 m2 quadrat from which all rooted 

forbs and woody plant seedlings were clipped at ground level. 

Clipping and sorting of plants in the herb layer was laborious and 

detailed estimations of differences over the slope-pedimPnt 

gradient could not be undertaken. On the basis of the results 

from the two transects referred to above the hill base ecotone 

was regarded as comprising only two subdivisions; the pediment 

(areas of almost flat ground 20 to 300 m from the hill base) and 

the slopes (from 20 m out from the base to 80 m up hill). 

Samples were collected monthly. From July to December 1976 each 

monthly sample included 20 quadrats from the pediment and 20 from 

the slopes. In mid-January 19 7 7 Nw amuriwa Hi 11 and surrom:ding 

savanna were burnt (Fig. 1) and sampling had to be extended to 

investigate differences between burnt ancl unburnt areas. From 

then until August 1977 monthly samples included 15 quadrats each 

from t~1e unburnt slopes and pediment, and 10 each from the burnt 

slopes and pediment, except for April when only the unburnt areas 

were sampled. Ten quadrats were sampled from the knobthorn savanna 

during each of the months January, March, July and August 1977. 

To assess acceptance, the frequency of the various vegetation com= 

ponents in the kudus' diet were to be compared with their relative 

abundance in the habitat. The vegetation samples therefore had to 

reflect availability as experienced by the kudus. The areas from 

which any monthly sample was clipped were thus selected to repre= 

sent the areas from which I had obtained records of foraging (see 

Chapter 2) during that month. The quadrat locations in the hill 

base ecotone were determined as follows. I chose a point arbitra= 

rily in the selected are a, and from there walked ten paces in the 

direction of the hill base. This marked the starting point of a 

tran~sct line running at right angles to the hill base. From 

one to five quadrats were placed at ten pace intervals along the 

transect. The procedure was repeated in other selected areas of 
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the hill base ecotone until the required m0nthly sample size for 

each habitat subdivision was obtained. The orientation of the 

transect line in relation to the hill base was simply to standar= 

dise the procedure, and samples were recorded only as pediment 

or slope. If no kudus had been observed feeding in one of the 

habitat subdivisions of the hill base ecotone during the previous 

month the sampling areas were selected arbitrarily. The same 

procedure was followed in the knobthorn savanna except that 

transect lines were orientated at right angles to the Nkongwana 

drainage line (Fig. 3). 

Diet composition was estimated from direct observations on for= 

aging animals (see Chapter 2). Plants selected by kudus from 

the herb layer could not be seen and so the £orb species cornpo= 

sition of the diet could not be determined. Because of this 

limitation separation of clipped £orbs by species ·was not under= 

taken. The five most abundant £orb species were simply noted as 

being either present or absent in each quadrat. The iorbs har= 

vested fror1 each quadrat were sorted into the following parts: 

(i) reproductive parts, flowers and fruits (ii) leaves 

(iii) terminal sterns and (iv) main stems. A terminal stem was 

defined as the length of ste~ from the terminal tip to the point 

where it branched from a main stem. Main stems weYe those which 

remained after the terminal stems .had been removed (Fig. 4). 

Before December 1976 lack of facilities in the field prevented 

weighing of the material from each quadrat separately, so monthly 

samples were pooled and dried before sorting. Thus for the months 

July to November mean dry weight per quadrat was calculated without 

measures of variability. 

From Decenilier 1976 to August 1977 the material clipped from each 

quadrat was sealed in separate polythene bags. The bags with 

contents were weighed to the nearest 0,1 gas soon as possible 

after clipping, and the contents were then sorted. Immediately 

after sorting the empty bag and each plant part category except 

leaves were weighed. The weight of the £orb leaves was then ob= 

tained by subtraction. This assumed that all the moisture lost 

during sorting came from the £orb leaves. 
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SEPARATION INTO A, TERMINAL STEMS AND B, 

MAIN STH,!S 
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Lack of space made it difficult to dry the material from each 

quaJrat separately. Quadrats from each habitat subdivision were 

pooled, placed in cardboard cartons and air dried for up to one 

week. Thereafter they were dried to constant weight in a forced­

draught oven at about 100°c. The wet mass values for each 

quadrat were converted to dry using the per cent moisture of the 

pooled samples. 

The total sample of dried £orb leaves from each habitat subdivi= 

sion was then milled, thoroughly mixed, and a 500 mg subsample 

taken for analysis of crude protein (nitrogen content x 6,25), 

phosphorus and calcium. The analyses were done using an H2so
4 

-

H2o2 ashing procedure and the Auto-Analyzer system (Thomas, 

Sheard and Moyer, 1967) at the National Food Research Institute, 

CSIR, Pretoria. 

RESULTS 

The gradient in density and cover of £orbs with increasing distance 

from the hill base 

The densities (individual plants per m2
) and cover scores of £orbs 

along the two transects are shown in Fig. 5. The values shown are 

for the mid-wet season (February), the time of highest £orb abun= 

dance, and the late dry season (August), when £orb abundance was 

low. Neither transect showed a marked trend over the gradient in 

the density of £orbs, although there is an indication that density 

was lower on the pediment more than about 150 m from the hill base. 

For the cover score, however, both transects showed an obvious 

decline further than 100 to 150 m from the hill base. 

Apart from this feature the pattern was variable. Transect I had 

generally higher cover scores at the hill base than on the upper 

slopes and pediment but transect II showed no particular trend 

over the zone from 60 m up the slope to 100 m out from the base. 
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The results thus suggest that there was a gradual decline in the 

abundance of £orbs with increasing distance from the pediment 

into the knobthorn savanna, but a larger number of transects 

would have been required to establish whether there was any 

variation in forb abundance closer to the hill base. It seems 

from the difference between transects I and II that the pattern 

was variable. 

As noted under Methods the two transects were surveyed several 

times over the seasonal cycle. There was a pronounced seasonal 

cycle in both the density and cover of £orbs (compare the February 

and August values in Fig. 5) but the pattern of seasonal variation 

seemed to be approximately the same over all sections of the 

gradient. The seasonal cycle in forb abundance is dealt 1;vith 

further in the following sections and therefore only the February 

and August values are shown in Fig. 5. 

The dominant forb species in the hill base ecotone 

Forbs were treated as a single component of the vegetation without 

distinguishing between species. However the percentage fre~uen= 

cies of the five species estimated to be dominant in terms of 

biomass were recorded (Table 1). The results show pronounced dif= 

ferences between the slopes and the pediment. Solanum pandurae= 

forme (Solanaceae) was the dominant forb throughout the pediment, 

but its distribution stopped at the knick, although isolated 

individuals were found on the lower slopes below about 30 m. 

Aspilia mossambicensis (Composi tae) and Barleria lancifolia 

(Acanthaceae) on the other hand, were virtually confined to the 

slopes. The former, by virtue of its large size, was probably 

the dominant species on the slopes in terms of biomass. The other 

two species, Justicia flava (Acanthaceae) and Hibiscus micranthus 

(Malvaceae) were widespread on both slopes and pediment, although 

H.micranthus tended to be more common on the slopes. Throughout 

the study area Acacia nigrescens was by far the mcst aoundant 

woody plant seedling (Table 1). 
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TABLE 1 FREQUENCY (PER CE!'IT OF 1m2 QUADRATS) OF IBE OOMINANT 
FORB SPECIES MTI WOODY PLANT SEEDLINGS IN 1HE HILL 
BASE ECOTONE. (BASED ON SAMPLES CLIPPED FOR BIOMASS 
ESTIMA.TION OVER TI-IE WHOLE S1UDY PERIOD.) 

Species 

Acacia nigrescens seedlings 

Other seedlings 

Justicia £lava 

Hibiscus rnicranthus 

Solanl-lll panduraeforrne 

Barleria lancifoli~ 

AspiJia mossarnbicensis 

*Combretum apiculatum 

Sclerc:carya caffra 

Lannea stuhlrnannii 

Acacia tortilis 

Acacia exuvialis 

Maerua parvifolia 

Slopes Pediment 

N = 260 Quadrats N = 270 Quadrats 

10 ,8% 14,8% 

3,5%* 3 0%+ , 
35,8% 30,7% 

19,2% 10 ,0% 

8,5% 54,1% 

22,7% 0,0% 

20,0% 0,4% 

+Ehretia rigida 

Ehretia amoena 

Acacia gerrardii 

Orrnocarpum trichocarpum 

Maerua parvifolia 

Cornbretum imberbe 
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There were a large number of £orb species ln the study area apart 

from the ones listed above. A total of 78 species were identified 

during this study from the slopes, pediment and knobthorn savanna 

combined, and an additional 24 were listed from the hill top by 

Coe t zee ( 19 7 7) . The species are listed in Appendix I, and even 

this list is probably incomplete. 

THE BIOMASS OF PLANTS IN THE H~RB LAYER 

The transects described above showed no consistent pattern of 

variation in £orb abundance over the slopes-pediment gra~ient. 

Therefore no distinction was made between different subzones of 

the gradient in taking samples for biomass estimation. However 

because of the difference in species compositi~n between the 

slopes and pediment I decided to divide the gradient into the 

two categories 'slopes' and 'pediment', as discussed above. 

Statistical analysis 

Since no measure of variation was made for samples clipped between 

July and November 1976 only means for these months cou~d be cal= 

culated. For the period December to August the means are presented 

with 75% error bound confidence limits. These limits were chosen 

in preference to the conventional confidence :nterval Lccause the 

latter assumes the population to be normally distributed. The 

distribution of mass per quadrat was skew, i.e. most quadrats 

included a small quantity but a few had very large quantities. 

The conventional confidence limits calculated for non-normal data 

can be in error (Few le r and Hauke 19 79) . The error bound method 

puts a lower bound on the confidence coefficient irrespective of 

the population distribution (for these data the lower bound is 

selected at 75%) and at the same time provides a specific value 

to the confidence coefficient if the distribution is in fact 

normal (in this case 95%, see Fowler and Hauke 1979). 



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

28 

The recom1n.ended procedure for non-normal distributions is to 

apply a transformation and to calculate mean and confidence limits 

for the transformed variates (Sokal and Rohlf 1969). This proce= 

<lure was not followed here because the means would not have been 

comparable with the July to November means which were calculated 

without measures of variation. 

The significance of differences in £orb abundance due to the three 

factors season, fire and gradient subdivisions were tested by 

three-way analysis of variance. The samples analysed were those 

from January to August 1977, excluding April as no samples were 

taken from the burnt veld during this month. 

In performing the analysis of va-r-iance it is assumed that the 

variates are independent and randomly selected. The sampling 

procedure used (see Methods) does not strictly fulfill these re= 

quirements (quadrats from the same transect line may not be inde= 

pendent) but there is ~o reascn to suspect that results would be 

seriously affected. 

The analysis of variance also assumes that the variates are nor= 

mally distributed and that the variance is homogeneous. As noted 

the distribution is skew and t~e means and variance tend to be 

positively correlated (variance is higher in summer than the dry 

season). The logarithmic transformation was therefore applied 

(Sokal and Rohlf 1969). 

The analyses were performed by computer using the program Rummage 

(Scott, Bryce and Carter, 1977). The program output gives an 

indication of whether the variates are normally distributed and 

whether the variance is homogeneous. The results indicated that 

the logarithmic transformation was not completely successful in 

producing homogeneity of variance but the consequences of moderate 

heterogeneity of variance is net serious for the overall test of 

significance (Sokal and Rohlf 1969). 
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Th0 biomass of £orbs in the hill base ecotone 

Forb leaves 

The me an weight of for b 1 e aves p e r unit a re a (Fig . 6) f o 11 owed a 

clear seasonal trend. Values declined from July to October 

1976, and then, after the arrival of the first good rains in 

November, increased to peak levels in the mid-wet season 

(February to May), thereafter to decline once more through the 

1977 dry season to a low point in August. 

The analysis of variance of the samples from January to August 

(Table 2) showed highly significant variation between months. 

The overall differences between slopes and pediment and between 

burnt and unburnt veld were not significant. However, the sig= 

nificant fire x seasons interaction (Table 2) showed that the 

relative difference between burnt and unburnt veld was not the 

same in each month. This is evident from Fig. 6. Farb leaf 

abundance in the burnt veld was much lower than in the unburnt 

areas during the months immediately following the fire (January 

and February). Very heavy rains fell in February (Fig. 2) pro= 

ducing a flush of gr0wth on the burnt veld so that by the time 

the dry season arrived there was little difference between burnt 

and unburnt areas in abundance of £orb leaves. 

Terminal sterns 

The abundance of terminal stems showed essentially the same £ea= 

tures described for the leaves and was therefore not analysed 

statistically (Fig. 7). The seasonal cycle differed only in that 

the contrast between peak wet season and lowest dry season values 

was not as pronounced for the terminal stems as for leaves. As 

with the leaves the abundance of terminal sterns was lower in the 

burnt veld than in the unburnt veld over the months immediately 

foll0wing the fire but thereafter there was no apparent difference. 
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TABLE 2 ANALYSIS OF VARIANCE OF FORB LEAF ABUNDANCE (g/rn2 ) 

IN 1HE HILL BASE ECOTONE. VARIATES ARE TRANSFORMED 

TO LOCi\RITHMS 

Mean F Signifi= 
Source of variation df Square ratio cance 

Fire 1 0,4761 2,43 ns 

Gradient Subdivisions (slopes . 1 0,3652 1,86 ns 
pediment) 

Months (January to August excluding 6 3,6269 18,49 P<0,001 
April) 

Fire x Gradient Interaction 1 0,1147 0,59 ns 

Fire x Months Interaction 6 0,5707 2,91 P< 0 ,01 

Gradients x Months Interaction 6 0,2052 1 ,OS ns 

Fire x Gradients x Months 6 0,2904 1,48 ns 

Error 322 0, 1962 

Total 349 

TABLE 3 ANALYSIS OF VARIANCE OF FORB MAIN STEM ABUNDA1\JCE (g/m2 ) 

IN 1HE HILL BASE ECOTONE. VARIATES ARE TRANSFOR1\1ED TO 

LOGARI1HMS 

Mean F Signifi= 
Source of variation df Square ratio cance 

Fire (burnt: unburnt) 1 2,9053 7,64 P< 0 ,01 

Gradient Subdivisions (slopes . 1 1,4240 3,74 P< 0, 10 
pediment) 

Months (January to August excluding 6 0,4947 1,30 ns 
April) 

Fire x Gradients Interaction 1 0,8786 2, 31 ns 

Fire x Months Interaction 6 0, 1836 0,48 ns 

Gradients x Months Interaction 6 0, 1004 0,26 ns 

Fire x Gradients x Months 6 0,4554 1,20 ns 

Error 322 0,3804 

Total 349 
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Main sterns 

The abundance of main stems (Fig. 8) did not follow as clear a 

seasonal trend as that of the leaves and terminal stems. There 

appeared to be a decline in main stem abundance from July to 

November 1976, followed by an increase to higher levels in May 

to July 1977. However, the trend was not pronounced and the 

analysis of variance of the samples from January to August 

(Table 3) showed no significant difference between months. Main 

stem abundance was generally higher on the pediment than on the 

slopes but the difference was significant only at the ten per 

cent level. The difference was probably due to the presence on 

the pediment of Solanum panduraeforme which has thick woody 

stems. The overall difference between the burnt and unburnt 

veld in abundance of main stems was highly significant. Unlike 

the leaves and terminal stems the abundance of main stems on the 

burnt veld remained lower than the unburnt veld over the dry 

season following the fire. This would be expe~ted because the 

recovering £orbs on the burn would have been at a less mature 

stage of growth when the dry season set in, and main stems would 

not have been so thick as those of the undamaged £orbs on the 

unburnt are as. 

Forb biomass in the knobthorn savanna 

The abundance of £orbs in the knobthorn savanna (Table 4) also 

showed pronounced seasonal changes, with high values in the wet 

season (January and March) and low values in ~he dry season 

(July and August). Analysis of variance (after transformation of 

the variates to logarithms) showed leaf biomass in the knobthorn 

savanna (overall mean 5,9 g/m2
) to be significantly lower than on 

the unburnt pediment (overall mean 11, 7 g/m2
) (F = 6, 71, df 1, 

9 2, P < 0 ,0 5) . Abundance of both terminal and main sterns we re 

also lower in the knobthorn savanna than the hill base ecotone. 

This result accords with that found from the two transect lines 

discussed above. 
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TABLE 4 

Plant part 

Forb leaves 

Tenninal Stems 

Main Stems 

35 

MEAN DRY WEIGHT (GRA.\15 PER SQUARE METRE) 
OF FORB LEAVES, .TERMINAL STEMS AND .MAIN STEMS 
IN THE KNOBTHO~~ SAVANNA 

M 0 N T H s 
January March July August 

5,30g 17, 10g 0,94g 0,40g 

2,34g 6,82g 0,89g 0,28g 

16,25g 18,60g 3,61g 0,70g 
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The abundance of f orb reproductive parts 

The weight per unit area of reproductive parts was made up 
largely of fruits, with only a small proportion of flowers. 
Several forb species in the study area produced relatively 

36 

large fruits which were eaten by kudus. By far the most abundant 
of these were the roW1d yellow fruits of Solanum panduraeforme. 

Other frequently utilized fruits were those of the creepers, 
Cucumis africanus and Cucumis metuliferus. 

Compared with the other plant part categories fruits were scarce 
and tended to be clumped in distribution, so that they were 
absent from most quadrats and present in only a few. This dis= 
tribution pattern makes statistical analysis difficult and a 
larger monthly sample would have been necessary for reliable 
estimates of abundance. However, the monthly means (Table 5) 
give an overall indication of seasonal trend and differences be= 
tween habitat subdivisions. 

Reproducti"';e parts were generally more abW1dant on the pediment 
than the slopes because of the predominance of Solanum pandurae= 
forme in the former area. On the unburnt pediment fruits reached 
maximum abundance in the late wet - early dry season (March to May). 

In the other habitat subdivisions no seasonal differences were 
evident. There was some indication that fruit abundance was 
higher on the unburnt veld than on the burns. 

Woody plant seedlings 

As with fruit the relative scarcity of seedlings makes statistical 
analysis difficult. Monthly weights per m2 of whole seedlings 
above ground are shown in Table 6. There was little difference 
between the slopes and the pediment, but abundance appeared to be 
higher on unburnt than on burnt veld. The monthly seedling 
samples were not sorted into plant parts in their entirety, but, 
based on subsamples, the leaves were estimated to comprise 40% of 
the total dry mass in the wet season (Noverr.ber to April) and 20% 
in the dry season (May to October). Leaf abundance of woody plant 
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TABLE 5 : MEAN DRY WE I GHT (GRAi\1.S) OF FORB REPRODUCTIVE PARTS PER SQUARE METRE 

Habitat Subdivision 
1976 1977 

SeE. Oct. Nov. Dec. Jan. Feb. Mar. AEr. Mar Jun. Jul. Aug. 

Hill Base Ecotone, Unburnt Pediment 0,4g 0,2g U,3g 0,Sg 0,3g 0,7g 1,9g 1,7g 3, 1g 1,2g 0,6g 0,0g 
-

Hill Base Ecotone, Unburnt Slopes 0,8g 0,0g 0,0g 0,7g 0,0g 0,0g 0,3g 0, 1 g 0,2g 0, 1g 0,2g 0,0g 
Hill Base Ecotone, Burnt Pednnent - - - - 0,0g 0,0g 0,4g - 1,2g 0,3g 0,0g 0,2g 
Hill Base Ecotone, Burnt Slopes - - - - 0,0g 0,0g 0,0g - 0,Sg 0, 1g 0, 1g 0,0g 
Knobthorn Savanna - - - - 0,0g - 0,0g - - - 0, 1 g 0,0g 

- Signifies no samples taken 

TABLE 6: MEAN DRY WEIGHT (GRAMS) OF WOODY PLANT SEEDLINGS PER SQUARE YIETRE. TI-IE VALUES ARE FOR ALL 
ABOVE GROUND PARTSX 

Habitat Subdivision 
1976 1977 

Sep. Oct. Nov. Dec. Jan. Feb. Mar. AE:·. Mar Jun. Jul. Aug. 

Hill Base Ecotone, Unburnt Pediment 1 ,0g 0,7g 1,0g 2,6g 1 ,6g 0,0g 0,9g 1,9g 5,7g 1,4g 1,0g 0,6g 
Hill Base Ecotone, Unburnt Slopes 0,2g 0,3g 1,4g 4,8g 5, 1g 1,8g 0,7g 1,8g 0,0g 0,7g 0,7g 0,9g 
Hill Base Ecotone, .3urnt Pediment - - - - o,::,g 0,4g 0, 1g - 0,9g 0, 1g 0,Sg 0,0g 
Hill Base Ecotone, Burnt Slop0s - - - - 0,0g 0,0g 1,0g - 1,9g 0,0g 0,0g 0,0g 
I(.T).obthorn Savanna - - - - 0,0g - 0,2g - - - 1,0g 8,2g 

- Signifies no samples taken *For estimates of seedling leaf biomass see text 

vi 
-....J 
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seedlings in the unburnt hill base ecotone can thus be estimated as 

0,8 gm- 2 in the wet season a11d 0,2 gm-
2 

in the dry season. 

THE NUTRIENT CONTENT OF FORB LEAVES 

Statistical analysis 

The diff~rences in nutrient content of £orb leaves due to the 

seasons, the fire and the gradient subdivisions were tested by 

three-factor analysis of variance. These analyses were also done 

on the monthly samples from January to August 1977 excluding 

April. The measurements of nutrient content were done without 

replication and so the second-order interaction mean square is 

used as the error variance on the assumption that the seasons x 

fire x gradient subdivision interaction is zero (Sokal and Rohlf 

1969). 

Moisture content of £orb leaves 

The moisture content of unburnt £orb leaves declined from highest 

levels in December 1976 to lowest levels in August 1977 (Fig. 9). 

The relatively low moisture con~ent of £orb leaves on the unburnt 

areas in January was the result of the mid-summer drought in 

December-January 1976-77 when £orbs and grass showed signs of wil= 

ting throughout the study area. 

The analysis of variance showed a highly significant interaction 

between the effects of fire and the months (Table 7) which indi= 

cates that the seasonal trend in leaf moisture content differed 

significantly between burnt and unburnt areas. On the burns the 

moisture content was naturally much lower than on the unburnt 

areas after the fire in January (Fig. 9). After the good rains in 

February the burnt £orbs recovered so that their leaf moisture 
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TABLE 7 ANALYSIS OF VARIANCE OF MOISTIJRE CONTENT OF FORE 

LEAVES 

Mean F Signifi= 
Source of variation df Square ratio cance 

Fire (burnt : unburnt) 1 234,32 42,30 P< 0 ,005 
Gradient Subdivisions (slopes 1 190,32 34,35 P< 0 ,005 
pediment) 

Months (January to August excluding 6 603,49 108,93 P< 0 ,005 
April) 

Fire x Gradients Interaction 1 8,04 1,45 ns 
Fire x Months Interaction 6 201,32 36,34 P< O ,005 
Gradient x :Months Interaction 6 38,32 6,92 P< 0 ,OS 
Fire x Months x Gradients* 6 5,54 

Total 27 

TABLE 8 ANALYSIS OF VARIA?\JCE OF MOISTIJRE CONTE.1-IT OF FORB TElt\1INAL 

STEMS 

Mean F Signifi= 
Source of variation df Square ratio cance 

Fire (burnt : unburnt) 1 0,57 0,01 ns 

Gradient Subdivisions (slopes 1 17 ,28 0,29 ns 
pediment) 

~1onths (January to August excluding 6 1123,62 18,60 P< 0,005 
April) 

Fire x Gradients lnteraction 1 3,57 0,06 ns 

Fire x Months I!lteraction 6 333,91 5,53 P< 0 ,OS 

Gradient x Months Interaction 6 60,12 1,00 ns 

Fire x Months x Gradients* 6 60,41 

Total 27 

*The moisture contents were measured without replication and therefore the 

mean squares are all tested over the second order interaction mean square 

on the assumption that the £.ire x months x gradients interaction is zero. 
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content then equalled that of the unburnt £orbs. However, in 

the dry season following the fire leaf moisture content on the 

burnt areas declined to lower levels than on the unburnt veld 

(Fig .. 9). 

The significant interaction between gradient subdivisions and 

months (Table 7) shows that the trend of seasonal variation in 

£orb leaf moisture content was not the same on the slope and the 

pediment. The contrast between peak WP.t season and lowest dry 

season values was more marked foY £orbs on the slopes than those 

on the pediment. Thus there was little difference in leaf mois= 

ture content between forbs on the slopes and those on the pedi= 

ment during the wet season. In the dry season, however, leaf 

moisture content on the slopes was lower than on the pedi~ent. 

This is possibly due to a difference between the slopes and 

pediment in soil moisture content in the dry season, a point 

further discussed below. 

Moisture content of terminal ~terns 

The seasonal trend in moisture content of terminal stems was essen= 

tially the same as that of the leaves (Fig. 10). The significant 

fire x months interaction (Table 8) shows that the relative di£= 

ferences between burnt and unburnt areas were not the same over 

all months. Once again this is because there was a marked di£= 

ference in moisture content between burnt and unburnt £orbs imme= 

diately after the fire, but no difference existed after the 

February rains had brought about a recovery of the burnt £orbs. 

Unlike the leaves the moisture content of the terminal sterns did 

not differ significantly between the gradient subdivisions 

(Table 8), and since there is no significant months x gradients 

interaction there is no reason to suspect that the seasonal trend 

in terminal stern moisture differed between slopes and pediment. 
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MOISTURE CONTENT OF FORB TERMINAL STEMS 
IN THE HILL BASE ECOTONE 
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Crude protein content of £orb leaves 

Monthly leaf samples analysed for crude protein concentrations 

were taken from July 1976 to August 1977, thus covering a longer 

period than the analyses of moisture content. The seasonal 

trends on unburnt veld were as follows: Protein content was low 

during the dry period from July to October 1976, then increased 

to peak levels with the arrival of the spring rains in November. 

Thereafter protein content declined over the summer months, 

December to February, and then declined to yet lower levels 

during the dry season from May to August 1977 (Fig. 11). Unlike 

moisture the protein content of forb leaves on the unburnt areas 

did not decline during the January drought. 

The anal)"sis of variance (Table 9) concerns only the period after 

the summer fire, i.e. January to August 1977. The analysis showed 

significant main effect differences between seasons, between burnt 

and unburnt areas and between slopes and pediment. Thus over the 

period considered in the analysis the protein content of forb 

leaves on the pediment was higher than those on the slopes, and 

higher for the unburnt £orbs than for the burnt ones. 

The analysis of vad 3.Ilce shows no significant interactions between 

any of the factors (Table 9) so there were apparently no differences 

between th3 habitat subdivisions in the seasonal trend between 

January anci August 19 77. However if the whole study period is 

considered (Fig. 11) it is evident that the protein content of 

£orbs on the slopes was lower.than those on the pedime11t only in 

the dry seasons (in both 1976 and 1977). In the wet season, 

November to February, £orbs on the slopes had as high or higher 

protein content than those on the pediment. This is in fact the 

same effect revealed by the analysis of the forb leaf moisture 

con ten ts. 

Phosphorus content of forb leaves 

On the W1b urn t veld the phosphorus content of f orb le aves rose 

from low levels in the 1976 dry season to a peak in November when 
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TABLE 9 ANALYSIS OF VARIANCE OF 1HE CRUDE PROTEIN CONTENT 
OF FORB LEAVES 

Mean F Signifi= 
Source of variation df Square ratio cance 

Fire (burnt: unburnt) 1 20,23 7,40 P< 0 ,05 
Gradient Subdivisions (slopes . 1 36,57 13,38 P< 0 ,OS . 
pediment) 

Months (January to August excluding 6 47,46 17,36 P< 0 ,005 
April) 

Fire x Gradients Interaction 1 0,82 0,30 ns 
Fire x Months Interaction 6 5,91 2, 16 ns 

Gradients x Months Interaction 6 1,26 0,45 ns 

Fire x Months x Gradients* 6 

Total 27 

TABLE 10 ANALYSIS OF VARIANCE OF 1HE PHOSPHORUS CONTENT OF FORB 
LEAVES 

Mean F Signifi= 
Source of variation df Square ratio cance 

Fire (burnt: unburnt) 1 0,006 1,33 P.( 0, 10 

Gradient Subdivisions (slopes . 1 0,125 27,76 P< 0 ,005 
pediment) 

:Months (January to August excluding 6 0,018 4,07 ns 
April) 

Fire x Gradients Interaction 1 0,008 1,76 ns 

Fire x Months Interaction 6 0,004 0,87 ns 

Gradient x Months Interaction 6 0,002 0,38 ns 

Fire x Gradients x Months* 6 0,005 

Total 27 

*The contents of protein and phosphorus were measured without replication 

and therefore the mean squares are all tested over the second order 

interaction mean square on the assumption that the fire x months x gradient 

interaction is zero. 
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the spring rains commenced. It then declined to a low point in 

Janu~ry (possibly as a result of the drought at this time), in= 

creased again in February, then declined during the 1977 dry 

season (Fig. 12). However the phosphorus content of leaves was 

more variable between months than the protein content, and the diffe= 

rence between the months January to August is significant only at 

the ten per cent level (Table 10). Forb leaves from the pediment 

tended to be much higher in phosphorus content than those from 

the slopes and the difference is highly significant (Table 10). 

The reason for the difference is unknown. The differences be= 

tween burnt and unburnt areas in the phosphorus content of £orb 

leaves are not significant. 

The calcium content of £orb leaves, and the calcium 

ratio are discussed below. 

phosphorus 

Moisture, protein and phosphorus ccntent of £orb leaves in the 

knobthorn savanna 

The nutrient content of forb leaves in the knobthorn savanna are 

shown ~n Table 11. A comparison of these values with those of 

the unburn~ pediment shows the following differences: 

(i) protein content was higher in £orb leaves on the pediment 

than in the knobthorn savanna for all samples; 

(ii) moisture content of forb leaves was higher in the knob= 

thorn savanna than on the pediment in the wet season 

samples but lower for the dry season samples; 

(iii) phosphorus contents of £orb leaves tended to be lower in 

the knobthorn savanna than on the pediment. 

There was no consistent difference between the two areas in the 

moisture content of terminal stems. However, in view of the small 

number of samples taken from the knobthorn savanna these conclu= 

sions must be regarded as tentative. 
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FIG. 12 PHOSPHORUS CONTENT OF FORB LEAVES (EXPRESSED AS A 
PERCENTAGE OF DRY WEIGHT) IN THE fIILL BASE ECOTONE 
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TABLE 11 

Per cent Moisture 

Per cent Moisture 
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MOISTIJRE, PROTEIN AND PHOSPHORUS CONTENT OF FORBS IN 
TI-IE KNOBTI-IORN SAVANNA (PROTEIN AND PHOSPHORUS EXPRESSED 
AS A PERCENTAGE OF DRY WEIGHT) 

MONTHS (1977) 

Jan. Mar. Jul. Aug. 

in Leaves 71 83 61 13 

in Tenninal Stems 64 70 50 28 

Per cent Protein in Leaves 15, 1 8,3 9, 1 

Per cent Phosphorus in Leaves 0,24 0,31 0,23 
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WOODY PLANTS 

METHODS 

To determine the abundance of woody plant leaves in dry weight 

per unit ground area two separate estimates were made, o~e of 

the canopy volume per unit area, and another of the weight of 

leaves per unit canopy volume (referred to as canopy leaf den= 

sity). The product of the two estimates provides the measure of 

leaf weight per unit area. 

Estimation of canopy volume per unit area 

The method adopted is similar to that of Anderson and Walker 

(1974) and Walker (1976). Species composition, density and 

canopy volumes of woody plants were estimated from 4 m wide belt 

transects. In the hill base ecotone the transects ran from the 

knick at the hill base to 80 m up the slopes (or as far as the 

crest of the hill if this was lower than 80 m from the base) and 

varying distances out from the base across the pediment. The 

transects iv"ere aligned so that they ran at right angles to the 

hill base (following the procedure described for the herb layer 

transects above) so that variation along the slopes-pediment 

gradient could be assessed. 

The midline of the transect was marked by stretching a tape measure 

along the ground, and any woody plant over 0,5 m tall, rooted 

within 2 m on either side of the tape was considered 'in'. For 

each woody plant within the belt transect the following informa= 

tion was recorded: 

(a) The species 

(b) Its distance from the start of the transect 
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(c) Its height (measured to the nearest 0,1 ra for those below 

3 min height, and estimated to the nearest metre for 

taller ones) 

(d) Phenology (scored as new leaf, new shoot, mature leaf, 

leaf fall, flowers or fruit) 

(e) Measurements for the calculation of canopy volume below 

2,5 rn. These measurements (from Anderson and Walker 1974, 

Walker 1976) are: 

(i) Canopy depth (CD), from the lowest foliage up to 

2,5 m, or to the uppermost foliage for plants 

be low 2, 5 m in height. (This value could be zero 

for large trees with no part of the canopy within 

the browse range.) 

(ii) The longest diameter (D 1) of the canopy within the 

browse range. 

(iii) The diameter (D 2) at right angles to D1 . 

For calculation of volume the canopy is regarded as a cylinder 

with height equal to CD and radius equal to (D 1 + Dz)/ 4 (half 

the mean of the two diameters). The value of 2,5 m for the upper 

limit of the browse range of kudu has been used in other studies 

(Goodman 1975, Dayton 1978). I made four measurements of the 

maximum height reached by foraging kudus, three of females and 

one of a male. In all cases the animals kept all four feet on 

the ground and stretched upwards to reach a high shoot. The 

highest of the three females was 2,1 m while the male reached 

2,3 m. These animals may not have stretched to their utmost but 

it seemed unlikely that they could have reached 2,5 m unless they 

reared up on their hindlegs or the bull used his horns to break 

branches. (Only one bull was seen doing this during the two year 

study period.) The estimate of 2,5 m above ground should there= 

fore be regarded as the absolute maximum browse height of kudu, 

except for males breaking down branches. 
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Locating the transects 

As noted, one aim of the study was to compare the botanical compo= 

sition of the kudus' diet with that of the available vegetation. 

Owing to limitations of topography and visibility observations on 

plants eaten could be made only in certain regions of the kudus' 

home range (see Chapter 2). To assess diet composition in rela= 

tion to availability it was desirable that estimates of food 

abundance should reflect these areas. Most of the be 1 t transects 

in the hill base ecotone were surveyed towards the end of the 

study. They were placed so as to cover the general region in 

which observations on foraging kudus had been made over the study 

period. The numbers of transects were apportioned between regions 

roughly in accordance with the amount of foraging data gathered in 

each region. Thus most observations were made on the saddle be= 

tween Nwamuriwa and Little Nwamuriwa, particularly on the south­

west (Nwamuriwa) side, so most transects were placed in this 

region (the positions uf the transects are shown in Fig. 3). 

Because of the difficulty of locating kudu in the knobthorn savanna 

few observations were made there, and so this area was not sur= 

veyed extensively. Early in the study perioci two transects were 

laid out west of the Nkongwana drainage line (transects 15 and 16, 

Fig. 3). They were posi tiol1ed to p:1-ss through regions where data 

on food selection had beGn collected. These transects were sur= 

veyed to estimate density and species composition but measurements 

were not taken for estimation of canopy volume. In total the 

transects in the hill base ecotone covered an area of 1,21 ha and 

those in the knobthorn savanna 0,28 ha. 

Measuring canopy leaf density 

The sampling unit for estimating canopy leaf density was an open­

sided cubic frame, 0,1 m3 in volume (dimensions 40 x 50 x 50 cm). 

The frame was pushed into the canopy until the outermost shoots 
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within it were flush with its outer edge. Twigs which obstructed 

the Pntry of the frame were cut at the point where they touched 

the edge. All leaf bearing twigs within the frame were clipped 

off and sealed in polythene bags. 

Samples were taken monthly. There was insufficient time to sample 

all the species present in the study area in each month. The four 

species found by Owen-Smith (1979) to feature most prominently in 

the kudus' diet were Acacia nigrescens, Combretum apiculatum, 

Combretum hereroense and Securinega virosa, and these were selec= 

ted for regular monthly sampling. Monthly samples included ten 

frames each from the two most common species, Acacia nigrescens 

and Comb re tum apicula tum, and five each from the less common 

C. hereroense and Securinega virosa. An additional three to 

five frame samples were taken from each of the other woody species 

which had featured prominently in the kudus' diet during the month 

of sampling. 

The plants from which samples were clipped were located by star= 

ting from an arbitrarily selected point, then walking along a 

transect which for the sake of standardization always ran at 

right angles to the nill base. Any plant of the requ~red species 

locate~ within an estimated Sm from the line was sampled. The 

starting p8int of the line was usually selected so that the line 

would pass through an area seen to be utilized by kudus during 

the moLth of sampling. However if samples from uncommon or loca= 

lized species were required the starting point was chosen so that 

the line passed through an area where these species were known to 

occur. Usually no more than three or four individual plants of 

a particular species were sampled from any one transect. Four 

to six such transects were sampled in each month. 

The frame was always inserted on the side facing the start of the 

transect, usually with the lower edge of the frame about 1 m from 

the ground, although the height of sampling sometimes had to be 

modified to suit the height of the plant. Only one sample was 

taken from each plant. Descriptive notes on the phenology of 

s amp 1 ~ d p 1 ants we re a 1 s o ma de . 
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As noted above, sampling variation was not measured between June 

and November 1976; monthly leaf samples from each species were 

pooled and dried without weighing the material from each frame. 

From December to August 1977 the bags containing each frame 

sample were weighed as soon as possible after collection and the 

leaves then separated from the twigs. The wet weight of leaves 

in each frame was obtained by subtracting the weight of the bag 

plus twigs from the total weight. The procedures for drying and 

analysis of nutritional value were as described for forb leaves 

above. 

Checks on the validity of the leaf biomass estimates 

As noted, the product of the mean leaf density of a species and 

its canopy volume per unit area provided an estimate of leaf 

weight per unit area. Checks on the validity of this estimate 

were made for the two dominant species Acacia nigrescens and 

Combretum apiculatum. Fifteen specimens of the former and 20 of 

the latter were selected to provide a range of sizes from small 

to large. Each tree was measured as described above for calcula= 

tion of canopy volwne below 2 ,5 m, and a frame clipping was then 

taken. All remaining leaves below 2,5 m were reilloved from the 

tree and weighed. The mean leaf weight per frame volume of the 

sample multiplied by the canopy volume of each tree yielded an 

estimate of leaf weight, which was then checked against true 

leaf weight. 

Subdivisions of the hill base ecotone 

The areas covered by the belt transects in the hill base ecotone 

were not uniform in terms of floristic composition. The varia= 

tion in species composition of woody plants over the slopes­

pediment gradient, and the differences between east and west 

facing slopes have been mentioned. The relative proportions of 

foraging time spent by the kudus in the various parts of the hill 

base ecotone also varied over the study period, for example in 
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the early to mid-dry seasons they spent relatively more time on 

the upper slopes whereas in the late dry seasons they favoured 

the pediment (see Chapter 2). The composition of the vegetation 

available to them would thus vary in accordance with foraging 

time apportioned to different vegetation communities within the 

hill base ecotone. 

It was therefo~e necessary to divide the hill base ecotone into 

sub zones or collimuni ties according to floristic composition. The 

relative availability of the various woody species as encountered 

by the kudus could then be assessed according to the proportion 

of time spent foraging in the different subzones (see Chapter 2). 

The vegetation surveys done in this study were not sufficient to 

make a detailed phytosociological analysis of the plant communi= 

ties in the study area, or even to adequately identify them. 

Nevertheless certain broad subdivisions can be recognized. The 

most obvious source of variation in species composition is that 

along the slope-pediment gradient, so the gradient was diviled 

into separate zones. Any subdivision of a gradient into discrete 

zones is likely to be arbitrary. However the kudus particularly 

favoured the zone just above and below the knick at the hill base, and 

thus the gradient was subdi·vided as follows: 

(i) the upper slopes, higher than 20 m from the knick 

(ii) the hill base, the zone 20 m up and 20 m out from 

the knick 

(iii) the pediment, the flat ground more than 20 m out 

from the knick. 

The hill base ecotone was further subdivided into three regions: 

(i) the Little Nwamuriwa side of the saddle (east-facing) 

(ii) the Nwamuriwa side of the saddle (northwest-facing) 

(iii) the west side of Little Nwamuriwa. 

The three regions are referred to as LNE, NW and LNW respectively. 

The difference between the east and west facing slopes in plant 

species composition was discussed in the Introduction. Although 

there are difference::; in species composition between the west-
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facing slopes of Nwamuriwa and Little Nwamuriwa these are not as 

marked as in the case of the other subdivisions. However the 

division between these two regions is convenient to separate 

burnt and unburnt areas (see Fig. 1) . 

The first region (LNE) is covered by transects 1 to 3, the second 

(NW) by transects 4 to 10, and the third (LNW) by transect 11 to 

~ 4 (see Fig. 3) . 

The densities and canopy volumes per unit area of woody plants 

were estimated for each of these nine subdivisions separately. 

RESULTS 

Density and canopy volume per unit area in the hill base ecotone 

Estimates of the density (individuals per unit area) and canopy 

volumes of woody plants, based on the combined <lata of all four= 

teen transects, are given in Table 12. A total of 49 species 

were e11countered within the transects. A further 11 rare or loca= 

lized species are known to occur in the hill base ecotone but were 

not cont~cted in the surveys. These were Galpinia transvaalica, 

Ficus soldanella, Acacia xanthophloea, Acacia borleae, Gardenia 

spatulifolia, Maytenus senegalensis, Berchemia zeyheri, Manilkara 

mochisia, Ozoroa engleri, Pappea capensis and Sterculia rogersii. 

Table 13 shows the densities and canopy volumes of woody plants in 

each of the nine habitat subdivisions of the hill base ecotone. 

Only those species with an overall density of more than 15 ha-1 

are shown; remaining species are pooled as one category, 'other 

species'. Two smaller shrub species, Combretum mossambicense 

and Maerua parvifolia, were included in the 'other species' 

category despite their having densities higher than 15 ha-1. 
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TABLE 12 DENSITY AND CANOPY VOLUMES PER UNIT AREA OF WOODY PLANTS IN TIIE HILL 

BASE ECOTONE, ESTIMPTED FROM FOURTEEN BELT TRANSECTS. THE III J,L BASE 

ECOTONE EXTENDS 80 m UPSLOPE FROM THE !IILJ BASE ANI; 400 m OUT FROM 
THE BASE ACROSS THE PEDB1ENT 

Density Canopy Volume 
Species (Individual (Cubic metres 

plants per ha) per ha) 

Acacia nigrescens 319 394 
Combretum apiculatum 85 144 

Combretum hereroense 28 60 

Sccurinega virosa 19 41 

Ziziphus mucronata 25 100 

Dichrostachys cinerea 42 85 

Maytenus heterophylla 21 19 

Dalbcrgia melanoxylon 63 44 
Acacia gerrardii 39 69 
Ehretia amoena 19 10 
Acacia tortilis 37 94 

Cissus lonicerifolia 23 39 
Dornbeya rotundifolia 22 23 
Pterocarpus rotundifolius 56 62 
Euclea divinorum 39 127 
Grewia monticola 39 iOl 
Lonchocarpus capassa 22 29 

Conmiphora mollis 10 7 

Maerua parvifolia 18 2 
Cassia abbreviata 2 0,3 

Diospyros mespilifonni s 5 8 

Grewia flavescens 2 3 

Grewia hexamita 8 63 
Grewia bicolor 28 

Lannea stuhbnannii 9 9 

Acacia nilotica 4 33 

Combretum mossarnbicense 25 37 

Spi~ostachys africana 4 12 

Conmiphora africana 4 3 

~kmdulea sericea 4 15 
Peltophorllln africanllln 13 165 

Sclerocarya caffra 15 7 

Bridelia micrantha 0, 1 
Phyllanthus reticulatus 11 5 

Acacia senegal 1 0, 1 
Albizzia harveyi 5 5 

Ficus ingens 1 

Schotia brachypetala 2 6 

Strychnos madagascariensis 5 1 

Ehretia rigida 7 0,4 

Acacia caffra 2 1 

Acacia exuvialis 5 6 
Acacia erubescens 2 12 
Combreturn imberbe 6 14 

X:iJncnia caffra 2 12 
Balanites maughamii 2 27 

Tenninal ia phanerophlebia 2 3 

Onnocarpum trichocarpLDn 0,4 
Ximcnia americana 3 0 

Unidentified 9 18 
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TABLE 13 DENSITY ANTl CANOPY VOLUMfS PER UNIT AREA FOR TI-IE CGM)N WOODY PLANTS IN NINE SUBUIVISIONS 

OF 1l-lE HILL BASE ECOTONE 

R E G I O N S 

LllTLE NW.Af.l.JRIWA LITILE NWAi\URIWA NWi\t-URI \~A 
WEST SLOPES EAST SLOPES Wl::.ST SLOPES 

Density Canopy Density Canopy Density Canopy 
VollD11e Volume Volume 

(Indivi- (Cubic (Indivi- (Cubic (Indivi- (Cubic 
S P E C I E s du=.ils per metres duals per metres duals per metres 

ha) per ha) ha) per ha) ha) per ha) 

Acacia nigresceP-s 625 412 28 4 147 265 
Combretum apiculatum 411 1361 25 886 237 10 1 
Combr~tum hereroense 16 316 28 29 6 44 
Secur:nega virosa 66 136 0 0 0 0 
Ziziphus rnucronata 16 9 14 11 58 526 

Cl) Dirhrostachys cinerea 33 15 42 29 45 59 
w Maytenus heterophylla 99 181 0 0 39 16 A. 
0 Dalbergia melanoxylon 82 9 28 4 77 125 _, 

Acacia gerrardii 0 0 0 0 19 108 Cl) 

Ehretia amoena 0 0 0 0 32 27 
a: Acacia tortilis 16 13 14 8 0 0 w 
A. Cissus lonicerifoli~ 99 210 28 20 64 113 A. 
:::, Dombeya rotundifol:i.a 0 0 69 127 0 0 

Pterocarpus rotundifolius 0 0 764 913 0 0 
Euclea divinorum 0 0 0 0 0 0 
Grewia monticola 0 0 14 0 90 441 
Lonchocarp.1s capassa 0 0 0 0 0 0 
Other Species 576 858 292 283 269 538 
TOTAL 2039 3520 1446 2 31 Zl 1083 2363 

Acacia ni6rescens 766 942 375 151 357 325 
Combretum apiculatum 281 78 62 1 2 71 47 
Cornbretum hereroense 47 51 125 49 45 33 
Sccurinega virosa 94 sos 21 0 80 38 
Ziziphus rnucronata 16 2 83 58 18 29 
Dichrostachys cinerea 94 33 83 187 62 107 
: laytenus heterophylla 16 43 0 0 18 1 

"' ~albergia melanoxylon 47 24 375 347 107 32 Cl) 
c( Acacia gerrardii 16 21 208 431 98 202 Ill 

Ehretia amoena C 0 21 11 18 9 _, 
Acacia tortil is 141 145 21 15 18 23 _, 

i Cissus lonicerifol i a 31 73 0 0 36 62 
Dombeya rotundifolia 0 0 229 267 9 2 
Pterocarpus rotundifolius 0 0 250 183 0 0 
Euclea divinorum 31 146 0 0 98 251 
Grewia monticola 16 130 21 89 143 231 
Lonchocarpus capassa 0 0 42 140 9 13 
Other Species 500 1889 250 1806 225 729 
TOTAL 2096 4082 2166 3746 1412 2134 

Acacia nigrescens 77 267 359 337 521 584 
Combretum apiculatum 4 0 5 1 0 0 
Combretwn hereroense 4 8 42 49 29 95 
Sccurinega virosa 12 18 0 0 0 0 
Ziziphus rnucronata 15 47 10 12 25 68 
Dichrostachys cinerea 42 175 36 45 17 55 
Maytenus heterophylla 8 9 16 5 21 13 

I- Dalbergia melanoxylon 4 16 57 16 50 17 z 
w Acacia gerrardii 0 0 88 35 21 61 :E 
0 Ehretia amoena 4 2 57 21 12 8 
w Acacia tortilis 54 156 5 1 ()(J 244 
A. Cissus lonicerifolia 8 10 0 0 8 b 

Dombcya rotundifolia 0 0 42 30 4 1 
PteYocarpus rotundifolius 0 0 5 2 0 0 
Euclea divinorum 0 0 104 335 59 211 
Grewia monticola 4 2 21 13 37 49 
Lonchocarpus capassa 4 12 83 67 25 4b 
Other Species 35 13 229 694 33 169 
TOTAL 266 735 1159 1663 937 1627 
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This is because they could not always be seen above the herb 

layer and consequently estimates of their utilization by kudus 

could be biased. 

In all three regions total woody plant density and canopy volume 

were highest at the hill base, lower on the upper slopes and 

lowest on the pediment. The pediments in the saddle had a 

higher total density and canopy volume of woody plants than 

that west of Little Nwamuriwa. 

Acacia nigrescens occurred throughout the gradient but was less 

dense on the upper slopes. Combretum apiculatum was mcst common 

on the upper slopes, less common at the base and virtually absent 

from the pediment. Two other common species which were associated 

with the base and upper slopes are Pterocarpus rotundifolius and 

Cissus lonicerifolia. The three species Acacia tortilis, 

Lonchocarpus capassa and Euclea divinorum on the other hand, were 

more common on the pediment and hill base than on the upper 

slopes. Combretum hereroense, Ziziphus mucronata, Dalbergia 

melanoxylon and Maytenus heterophylla were widespread throughout 

the gradient. As noted the characteristic feature of the east­

facing slopes was the patches of Pterocarpus rotundifolius 

growinJ as a multi-stemmed shrub. In parts of the east-facing 

upver slop:s it replaced Acacia nigrescens and Combretum 

apiculatum as the dominant woody plant. P. rotundifolius also 

occurred at the hill base and to a lesser extent on the pediment 

of east~facing slopes, but was absent from west-facing slopes 

and pediment. 

Within these subdivisions further sub-communities could be recog= 

nized, but the surveys were insufficient to properly characterise 

them. Thus in several places in the hill base ecotone the ever= 

green shrub, Euclea divinorum, grew in dense patches whicl1 excluded 

almost all other woody species. To the south-west the study area 

bordered on Acacia tortilis savanna. There was no distinct 

dividing line between the two areas, and Acacia tortilis tended 

to be more common in the south-western half of the hill base 

ecotune. 
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Density and canopy volumes in the knobthorn savanna 

The area surveyed in the knobthorn savanna was small (0,28 ha) 

but the results nevertheless gi ,,e an overall impression of the 

species composition in this area (Table 14). Measurements for 

estimation of canopy volumes were not taken during the knobthorn 

savanna surveys. However for some species canopy volume per unit 

area could be estimated using the aver~ge canopy volume per in= 

dividual calculated from the hill base ecotone surveys. This of 

course assumes that tree size did not differ greatly between the 

hill base ecotone and the knobthorn savanna. From visual inspec= 

tion this seemed a reasonable assumption for most species except 

Ehretia rigida, which was obviously smaller in the hill base 

ecotone. For this species, and also those which were rare or 

absent in the hill base ecotone, no estimates of canopy volumes 

were made. 

The overall density of woody plants was lower 1n the knobthorn 

savanna thP.n in the hi 11 base e co tone (Tables 13 & 14) • Species 

composition also differed between the two areas. Species which 

were relatively common on the pediment but rare in the knobthorn 

savanna are Peltophorum africmum, Combretum hereroense, 

Euclea divinorum and Dombeya rotundifolia. Ormocarpum trichocarpum 

on the other hand, was common in the knobthorn savaana but :rare in 

the hill base ecotone. Securinega virosa was relatively more com= 

mon in the knobthorn savanna. 

As with the hill base ecotone the knobthorn savanna could be 

divided into various sub-communities. The species corr.position 

shown in Table 14 is characteristic of only part of the knobthorn 

savanna. Over fairly extensive areas Acacia nigrescens saplings 

form dense thickets in which few other species are present. In 

other areas Acacia gerrardii replaces Acacia nigrescens as the 

dominant woody plant. Further surveys would be required to assess 

the extent of these different communities. 
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TABLE 14 DENSITY AND CANOPY VOLUMES PER UNIT AREA OF WOODY PLANTS 

IN 11 IE KNOBIBORN SAVANNA 

Density Canopy Volume* 
Species (Individuals (Cubic metres 

per ha) per ha) 

Acacia nigrescens 132 111 

Dichrostachys cinerea 75 151 

Onnocarpum trichocarpum 64 

Securinega virosa so 73 

Acacia gerrardii 39 69 

Maytenus senegalensis 32 

Lonchocarpus capassa 21 28 

Ehretia rigida 14 

Acacia tortilis 11 28 

l\1a.ytenus heterophylla 11 1C 

Grewia bicolor 7 

Dalbergia melanoxylcn 4 3 

CQmbretun imberbe 4 10 

Acacia nilotica 4 32 

Cissus lonicerifolfa 4 7 

Unknown 4 

Total 475 

* Canopy volumes were not measured in the knobthorn savanna, so where 

possible these were estimated from canopy volumes from the hill base 

ecotone 
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Seasonal variation in leaf density 

Like the samples from the herb layer the distribution of the frame 

samples showed signs of skewness and the variance was not homo= 

geneous. The methods of statistical analysis were thus the same 

as for the forbs. Seasonal changes in leaf weight per unit 

canopy volume for the four species selected for intensive samp= 

ling (Acacia nigrescens, Combretum apiculatum, Combretum hereroense 

and Securinega virosa) are shown in Fig. 13. The values for 

December to August are presented with 75% error bound confidence 

limits as discussed for forbs. 

Two-factor analysis of variance of the December 1976 to August 

1977 samples (Table 15) shows significant species x month inter= 

actions, indicating that the seasonal trend in leaf density 

varied significantly between species (Fig. 13). The relative di£= 

ference between peak wet season and lowest dry season values was 

most r,ronounced for Securinega vir~~ and least for Combretum 

hereroense. Comb return hereroense did not shed its leaves to the 

same extent as the other species during the dry season, and also 

tended to flush ear]y in spring. Acacia nigrescens also retained 

a relatively higher leaf density over the dry season than 

Combrecum apiculatum and Securinega virosa. 

The leaf density of Securinega virosa was lower than that of the 

other species throughout the study period. Combretum apiculatum 

had a consistently lower leaf density than Acacia nigrescens 

throughout the 1976 dry season but the two remained essentially 

equal during the 1977 dry season. However since no measures of 

variation were made during the 1976 dry season the difference 

cannot be tested statistically. 

Leaf densities of the other woody species were estimated only 

during those months when they were often seen to be eaten by kudus. 

These estimates are not presented here, but estimates of mean leaf 

mass per individual plant and leaf mass per unit ground area for 

the less intensively sampled species are given in Chapter 2. 
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TWO FACTOR ANALYSIS OF VARIANCE OF LEAF WEIGHT PER UNIT 
CANOPY VOLUME (LEAF DENSITI). 1HE FACTORS ANALYSED 
ARE (i) DIFFERENCES IN LEAF DENSITI BETWEEN 1HE FOUR 
SPECIES ACACIA NIGRESCENS, COMBRETIJM APICULATIJM, 
COMBRETI.nvl HEREROENSE AND SECURINEGA VIROSA (ii) 

DIFFERENCES IN LEAF DENSITY BETWEEN MON1HLY SAMPLES 
(DECEMBER TO AUGUST) (SEE FIG. 13). VARIATES WERE 

TRANSFORMED TO LOGARI1HMS 

Mean F Sj,_gni fi= 
Source of variation df Square ratio cance 

Species 3 1,02 16,69 P<:0,005 

Months 8 1, 71 27,97 P< 0 ,005 

Species x Months Interaction 24 0, 10 1,68 P< 0 ,OS 

Error 234 0,06 

Total 269 

The significant species x months interaction shows that the pattern of 

seasonal change in leaf density differed between the four species. 
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Ph0nology of woody plants 

The timing of leaf production and leaf fall varied not only 

between species but also between individuals within species. 

The individuals of any species were never in complete synchrony 

as regards phenology. In addition the growth stage of leaves 

on the same individual plant often varied, for example in cer= 

tain seasons a tree could carry falling leaves, mature leaves as 

well as new leaves. As will be discussed later these variatio~s 

are important in interpreting food selection. 

Fig. 14 shows variations in phenology between eight woody species 

that were frequently browsed by kudus. The data are from plants 

surveyed on the belt transects and those from which frame s arnples 

were clipped. Results from both study years 1976 and 1977 corn= 

bined are grouped into four seasons (Fig. 14). 

Although differences between species are evident there are certain 

basic features common to most. The period mid-September to 

Noveraber (referred to as the pre-rain flush, Fig. 14) was the time 

when many woody plants began leaf production. Thus in all species 

the proportion of iudividual plants carrying predomin~ntly new 

leaves was higher in the pre-rain flush than in the other seasons. 

Ho~ever the timing of the flush varied between individual plants 
so that at any time between mid-September and mid-November one 

could find bare as well as flushing individuals of the same 

species. The pre-rain flush was in fact the time of the year 

when the number of totally bare plants was highest. 

Acacia nigrescens and Cornbretum hereroense tended to flush early, 

many individuals starting in mid-September. Those leaves which 

appeared in September had reached maturity before the end of 

November. Thus a proportion of plants of these two species car= 

ried predominantly mature leaves in November. In contrast 

Ziziphus mucronata, Dichrostachys cinerea and Securinega virosa 

did not flush to any extent until November and no specimens with 

predominantly mature leaves were encountered during the pre-rain 

flush. Although most Cornbreturn apiculatum plants flushed only 

in November this varied between areas. In certain localities 
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groups of Combretu~ apiculatum trees flushed as early as August 

and this accounts for the 16% of individuals recorded with pre= 

dominantly new leaves in the late dry season (Fig. 14). 

In the wet season (December to April) almost all plants of all 

species carried predominantly mature leaves. But production of 

new leaves did not cease in any of the species studied; through= 

out the wet season there were always many individuals with a 

small amount of new leaves available (Fig. 14). Production of 

small amounts of new leaves continued into the early dry season, 

although for most species the frequency of this was much reduced. 

However many Acacia nigrescens saplings up to 3 m tall produced 

an 'autumn flush' in the early dry season, so the proportion of 

plants with new leaves did not decrease substantially from wet 

to early dry seasons. It was at this time that falling leaves, 

mature leaves and new leaves could be seen on the same plant. 

Leaf fall in many species began in May but the process was gradual 

and few plants were recorded as being in an advanced state of 

leaf fall in the early dry season. During the late dry season 

most plants did not produce new growth although small numbers of 

individual A. nigrescens, C. apiculatum, .s._J:ereoense and 

z. mucronata were observed carrying a few new leaves at this time 

(Fig. 14). In all species the proportion of plants in an 

advanced stage of leaf loss increased markedly from the early to 

the late dry season, but the proportion of totally bare plants 

remained low until after mid-September. 

Within this basic pattern there were many quantitative differences 

between species. The distinctive phenology of Combretum 

hereroense has been mentioned. At no time were totally bare 

Combretura hereroensc plants encountered (Fig. 14); even in the 

late dry season few were classed as being in advanced leaf fall. 

Because it tended to retain leaves over the dry season there was 

a high proportion of plants which carried mature leaves together 

with new leaves in the early spring. 
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Of the four species selected for intensive study Securinega 

virosa showed the greatest frequency of advanced leaf fall and 

bareness over the dry season (Fig. 14). This accords with the 

seasonal variation in leaf density discussed above. Peak summer 

leaf density of Securinega virosa is 28 times the lowest dry 

season value (Fig. 13). The corresponding figures for Acacia 

nigrescens, Combretum apiculatum and C. hereroense are 6,1 times, 

24 times and 5,8 times respectively. Other differences betwee11 

species in phenology are discussed in Chapter 2. 

It is not clear to what extent consumption by kudus and other 

herbivores influenced the seasonal trends in leaf abundance. 

Freshly severed shoot ends, indicating browsing by a large her= 

bivore, were noted within only two of the 670 frame samples taken 

from woody plants during the study period. However, browse damage 

was not always conspicuous; and light damage, such as missing 

leaves, would have gone unnoticed, especially in the dry season 

when the leaves were falling. 

Relationships between phenology and tree size 

In Acacia nigrescens the timing of leaf fall and flush depended 

upon the size of the tree; bigger trees tended to lose their 

leaves earlier in the dry seasons than the smaller ones (Fig. 15). 

Thus in the early dry season 87% of saplings< 1 m showed no sign 

of leaf fall whereas the corresponding figure for trees> 2 mis 

23%. In the late dry season the difference was less pronounced 

but still considerable. Chi-square contingency tests reject the 

null hypothesis of independence between leaf fall and plant height 

(Fig. 15) in both early and late dry seasons. It was my impres= 

sion in the field that the larger Acacia nigrescens trees tended 

to flush earlier than the smaller ones in spring. The results 

for the pre-rain flush shown in Fig. 15 are in accord with this 

impression but the difference between the height classes in the 
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frequency of new leaves is not statistically significant. 

Further data would be required for definite conclusions. 
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In Combretum apiculatum the timing of leaf fall was also 

apparently related to tree size. There were insufficient data to 

examine the early and late dry seasons separately. For the whole 

dry season (Fig. 16) 83% of saplings< 1 m showed no sign of leaf 

fall whereas for trees> 2 m this was 45%. However the sample 

size is small and the difference is not significant at the five 

per cent leve 1. 

For Combretum apiculatum in the pre-rain flush, and for all other 

species there were too few data to examine relationships between 

phenology and tree size. 

NUTRIENT CONTENT OF WOODY PLANT LEAVES 

The seasonal cycle in nutrient content of woody plant leaves was 

basically similar tc that of £orb leaves; protein, phosphorus 

an~ mo~sture contents were highest in the spring, lower over the 

summer and lowest during the dry season (Tables 16, 17 & 18). 

But there were certain differences between the woody species in 

the pattern of seasonal variation in nutrient content which 

reflect differences between them in phenology. 

In the early flushing Acacia nigrescens and Combretum hereroense 

high protein contents were recorded early in September. In con= 

trast the later flushing Securinega virosa reached peak protein 

content only in November. Although some Combretum apiculatum 

plants flushed early (August) most flushed in November so peak 

protein content was recorded in this month (Table 16). The sea= 

sonal cycle in protein and moisture contents of Combretum 

hereroense (Tables 16 & 18) was relatively less pronounced than 
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TABLE 16 CRUDE PROTEIN CONTENT (EXPRESSElJ AS PER CENT OF !)RY WEIGHT) OF WOODY PLANT LEAVES IN THE 
HILL BASE ECOTONE 

1976 1977 
Species 

JW1e July Aug. Sept. Oct. Nov. 0cc. Jan. Feb. March Apr. May June July Aug. 

Acacia nigrescens 13,6 13,5 13,4 23, 1 20,2 22,9 15,9 16,2 16,2 15 ,4 15,8 13,6 13,0 12,9 13,0 
Combretum apiculatum 8,7 9,2 8,9 13,0 11,8 21,1 13,9 12,3 12,5 10,8 10,7 10,2 8,5 8,6 8,0 
Canbretum hereroense 9,2 11 ,4 7,5 14,7 13,8 13,5 11,4 11 ,6 9,3 11,9 10, 1 10 ,5 11,5 10,b 11 ,6 
Securinega virosa 12,6 14,4 14,9 17,8 17,2 25,4 18.2 18,9 17,3 16,2 16,8 13,0 11 ,0 10,9 13,4 
Ziziphus mucronata 13,6 12,5 12,9 - 17,2 - 17,5 15,5 14,2 - 12,8 15,3 
Dichrostachys cinerea 13,0 - 14,9 13,6 - 13,S 12,3 
Maytenus heterophylla 6, 1 6,7 7,9 10, 1 8,0 9,9 6,9 
Dalbergia melanoxylon - 28,3 
Acacia gerrardii 16,6 - 13,0 
Ehretia amoena 7,0 6, 1 6, 1 8,5 - 13,2 - 11,0 7,0 
Acacia tortilis 20,6 - 19,o 
Pterocarpus rotundifolius - 16,S 
Euclea divinonim 7,0 7,3 
Grewia monticola 8,6 
Lonchocarpus capassa 21,9 - 14,1 
Peltophorum africanum 12,3 

Spirostachys africana 10,0 - 10,3 
Grewia flavescens 7,8 12,4 - 13,5 9,0 
Maytenus senegalensis 6,7 

TABLE 17 PHOSillORUS COi'-l'TENT (EXPRESSED AS PER CENT OF DRY 11EIGr;·;J OF WOODY PLA.:-n LE/.\'ES IN THE HILL 
BASE ECOTONE 

1976 1977 
Species 

JW1e July Aug. Sept. Oct. Nov. Dec. Jan. Feb. March Apr. May June July Aug. 

Acacia nigrescens 0, 18 0, 12 0, 12 0,31 0,21 0,33 0,15 0,14 0,16 0,16 0, 15 0, 13 0, 14 0, 11 0, 10 

Combretum apiculatum 0, 16 0, 16 0,20 0,24 0,16 0,39 0,13 0,11 0,16 0,13 0, 12 0,15 0,18 0,17 0,08 

Combretum hereroense 0,27 0,23 0, 12 0,25 0, 18 0,20 0,25 0,27 0,220,16 0, 12 0,16 0,15 0,12 0, 19 

Securinega virosa 0,31 0,32 0,33 0,38 0,24 0,51 0,41 0,28 0,36 0,25 0,39 0,46 0,43 0,34 0, 16 

Ziziphus mucronata 0, 15 0, 18 0,29 - 0, 16 - 0,25 0,34 0,22 - 0,24 0, 11 

Dichrostachys cinerea 0, 12 - 0,20 - 0, 13 - 0, 11 0, 10 

Maytenus heterophylla 0,09 0, 18 0, 16 0, 15 - 0, 14 0, 14 

Dalbergia melanoxylon 0,40 -
Acacia gerrardii 0,24 - 0,09 

Ehretia amoena 0, 19 0,28 0,12 0,25 0, 16 - 0,25 0,20 -
Acacia tortilis 0,27 0, 15 

Pterocarpus rotundifolius 0, 10 

Euclea divinonim 0, 11 - 0,08 

Grewia monticola 0, 18 

Lonchocarpus capassa 0,29 - 0, 13 -
Peltophonnn africanum 0, 16 -
Spirostachys africana 0,22 0,23 -
Grewia flavescens 0,24 - 0, 19 - 0,28 - 0,30 

Maytenus senegalensis O, 16 
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TABLE 18 MOIS1URE CONTENT (PER CENT) OF WOODY PLANT LEAVES IN 'IHE HILL BASE ECOTONE 

1976 I 1977 

Nov. Dec. Jan. Feb. March Apr. May June July Aug. 

Acacia nigrescens 70 55 58 60 55 54 51 46 47 48 
Cornbretum apiculatum 71 54 54 60 56 53 44 37 35 38 
CornbretlUil hereroense 62 55 51 57 56 47 49 48 49 4·7 
Securinega \Tirosa 77 63 62 70 46 68 55 49 61 28 
Ziziphus rnucronata 58 63 57 58 54 47 
Dichrostachys cinerea 55 51 35 49 
Maytenus heterophylla 65 71 59 
Dalbergia rnelanoxylon 72 

Acacia gerrardii 43 
Ehretia amoena 64 64 48 

Acacia tortilis 56 
Pterocarpus rotundifolius 45 
Euclea divinorum 46 

Grewia rnonticola 42 
Lonchocarpus capassa 60 

-.....J 

Grewia flavescens 64 35 N 

Maytenus senegalensis 56 
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in the other species. This would be expected in view of its 

less pronounced leaf fall in the dry season. 

The calcium contents of woody plant and £orb leaves are shown in 

Table 19. Relatively few analyses for calcium content were done 

and so the values are grouped into three seasons. The value for 

each season is the mean of the monthly samples within that 

season. Unlike the other nutrients analysed calcium content d~d 

not show pronounced seasonal variation. Values in spring tended 

to be slightly lower than in the dry season, again in contrast 

to the other nutrients. The ratio of calcium to ph~phorus in the 

diet affects the extent to which these two minerals can be uti= 

lized by an animal (McDonald, Edwards & Greenhalg, 1973). The 

calcium:phosphorous ratios in £orb and woody plant leaves 

(Table 19) vary from 5:1 to 28:1. 

Monthly variation in crude protein content compared between woody 

plants and £orbs 

Average crude protein contents of woody plant and £orb leaves are 

compared in Fig. 17. The values for woody plants are the average 

of all species analysed in each month, while those fo~ £orb 

leaves are the average of unburnt slopes and pediment. 

ESTIMATION OF WOODY PLANT LEAF BIOl\1ASS 

The product of the mean leaf density of a species and its canopy 

volume per unit area gives the estimate of leaf abundance. The 

accuracy of this estimate depends on whether leaf weight per unit 

volume of the frame is a reliable estimate cf leaf weight per 

unit canopy volume. As described above the validity of this 

estimate was checked for a sample of Acacia nigrescens and 

Combretum apiculatum trees. The trees were all sampled in the 
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TABLE 19 CALCIUM CONTENT OF SOME FORB AND WOODY PLANT LEAVES 
(PER CENf OF DRY MATTER) AND 1HE CALCIUM:PHOSPHORUS 
RATIO (UPPER FIGURE IS% CALCIUM AND LOWER FIGURE 
IN PARENIHESES IS Ca: P RA.TIO) 

Dry Season Pre-rain Flush Wet Season 
(July - (October - (December -
August) November) January) 

2,8 2, 1 2,4 
Forb Leaves Slopes (10:1) (6: 1) (9: 1) 

3,0 2,5 2,3 
Forb Leaves Pediment (10: 1) (6: 1) (6: 1) 

2,8 1,4 2, 1 
Acacia nigrescens (23: 1) (5: 1) (14:1) 

1,5 1,3 1,6 
Combretum apiculatum (8: 1) (5: 1) (13:1) 

2, 1 1,4 1,3 
Combreturn hereroense (12:1) (7: 1) cs: 1) 

2;2 1,9 2,0 
Securinega virosa (7; 1) (5: 1) (6: 1) 

2,5 
Ziziphus mucronata (11 :1) 

3,8 
Ehretia amoena (19:1) 

3,8 
Maytenus heterophylla (28: 1) 
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dry season of 1977. For each species the mean leaf weight per 

frame was multiplied by the canopy volume of each tree to esti= 

mate its leaf weight. Estimated leaf weight was then compared 

with actual leaf weight. 

The total leaf weight of the 15 sampled Acacia nigrescens trees 

was 5 247 g. The sum of the estimated values was 6 099 g, a 17% 

overestimate. However seven trees were underestimated and ei&ht 

overestimated, and the large total overestimate was due to the 

very substantial overestimate of one tree in the sample. Actual 

and estimated values did not differ significantly (Wilcoxon test 

for matched pairs, Siegel 1956). Thus although estimates of the 

leaf weight of individual trees may be in error there was no 

evidence of a consistent bias towards overestimation. 

For Combretum apiculatum, however, the sum of the estimates of 

the 20 trees was 17 319 g, compared with a true total of 10 535 g, 

a 64% overestimate. The degree of error was dependent upon size, 

the leaf weight of the larger trees was grossly overestim2ted 

while the smallest ones were slightly underestimated. Thus there 

was a significant correlation between the ratio of true : estimated 

weight and canopy volume (r = -0 ,5 P < 0 ,05). In c011trast there 

was no significant relationship between the error of estimation 

a11d tree size in Acacia nigrescens. 

There are a number of factors that could account for the tendency 

to overestimate the leaf weight of the larger Combretum apiculatum 

trees. The first of these is the pattern of growth. The smaller 

Cornbretum sapJings have a rounded or cylindrical crown with fairly 

evenly distributed leaves. The canopy volume calculated from the 

measurements of canopy depth and diameter (see Methods) assumes 

the canopy shape to be a cylinder, and for the smaller plants this 

is a reasonable approximation. But as the tree grows it typically 

sprea,ls, so that while parts of the canopy may be densely filled 

with leaves there are many leafless gaps in between. The cylinder 

calculated to represent the canopy of larger trees tends to include 
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the gaps. Because of this one wculd expect a negative correla= 
tion between canopy volume and leaf density. The me~n weight 
of leaves per unit frame volume used to estimate biomass was 
derived from trees of various sizes. This mean would tend to 
be too high for the large trees and too low for the smaller 
ones, and this is one likely factor accounting for the underesti= 

mation of the smaller individuals and the overestimation of the 
larger ones. Another problem was that the procedure used in 
sampling with the frame was rather insensitive to gaps in the 
canopy. The frame was inserted until the outermost leaves 
within it were flush with its outer edge. This meant that if 
there were any shoots between the point of entry of the frame 
and the trunk they would b~ included in the frame, ru1d the leaf 
density would be overestimated. This effect would magnify the 
overestimation of larger spreading Combretum apiculatum trees. 

A third point is that big trees tend to have a lower leaf density 
in the center of the canopy, partly because the center is occupied 
by the tru~k and partly because of reduced availability of light. 
Frame samples tended to come from the outer canopy, ancl this would 
also lead to overestimation of the leaf density of the larger 
trees. 

Acacia nigrescens also spreads as it matures, but in contra3t to 
Combretum apiculatum this only occurs when the tree is above 
maximum kudu browse height. Below 2,5 m the crowns of Acacia 
nigrescens are usually fairly evenly distributed with leaves and 
the shape of most specimens is approximately cylindrical. Because 
of its growth pattern one would expect that leaf density of Acacia 
nigrescens would not decrease with increasing volume to the same 
extent as is the case with Combretum apiculatum. 

For the sample of Combretum apiculatum trees harvested in the late 
dry season there is, as expected, a negative relationship between 
canopy volume and the actual leaf density (true leaf weight per 
unit canopy volume). The linear regression equation relating 
canopy volume to leaf density is: 
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Y = 194 - 7,SX, where Y is leaf density (g/m 3 ) and 

Xis canopy volume (m 3 ). 
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For the sample of Acacia nigrescens harvested at the same time 

the regression equation is: 

Y = 128 - 3X, where X and Y are as above. 

The result is as expected on the basis of the factors discussed 

above. Both species show evidence of declining leaf density with 

increa~ing size but the slope of the regr~ssion line is higher 

for Combretum apiculatum indicating that the negative relationship 

is more pronounced than is the case for _Acacia nigrescens. This 

is probably largely because of th~ spreading growth form of the 

former species. 

For Combretum apiculatum it was necessary to apply a correction 

factor to the leaf abundance estimates. A regression was computed 

relating the ratio of real : estimated leaf mass to canopy volume: 

log T/E = -0 ,062 - 0, 282 log CV, where T = true mass, 

E = estimated mass, and CV= canopy volume. 

The value T/E was used as a correction factor to correct the 

estimated leaf masses of the 20 sampled trees. The sum of cor= 

rected estimates was then 9 671 g which is within ten per cent of 

the observed total mass. The regression equation was then used 

to adjust the canopy volume of each Combretum apiculatum contacted 

in the belt transects so as to derive a corrected biomass estimate. 

Although the total leaf mass of the sample of Acacia nigrescens 

trees was overestimated the error was not significantly related 

to tree size, and therefore a corrective equation was not calcu= 

lated. The canopy of Acacia nigrescens is usually dense and well 

protected with sharp thorns, so that much of the inner canopy is 

inaccessible to kudus. A more realistic correction for available 

leaf biomass is to assume that kudus can feed only to a depth of 

40 cm (which seems to reasonable estimate from observations on 

foraging kudus). Two other species favoured by the kudus, 
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Securinega virosa and Ziziphus mucronata also tend to have thorny 

or spiny impenetrable crowns and they were adjusted in the same 

way as Acacia nigrescens. 

Combretum hereroense has a growth form similar to C. apiculatum 

and the regression equation given above was used as a correction 

factor for C. hereroense as well. 

The remaining species for which estimates of leaf density were 

made have small to medium, fairly accessible crowns. The esti= 

mates based on the frame samples are thus not likely to be grossly 

in error and in the absence of more detailed information they 

were left uncorrected. 

Monthly variation in overall abundance of woody plant leaves 

Leaf density estimates were not made for all woody species and 

therefore the estimate of monthly variation in total leaf abun= 

dance was approximated as follows. All woody species that were 

not sampled regularly, except for the evergreen Euclea divinorum, 

were assumed to have a leaf density equal to the average of the 

four species selected for continuous monthly measurement. The 

average of the leaf density estim~tes for Euclea divinorum made 

in the dry seasons of 1976 and 1977 is assumed to represent the 

entire year. Since there was little leaf loss on Euclea shrubs 

in the dry season this assumption is reasonable. This mean leaf 

density was used tb estimate the leaf abundance of Euclea. The 

leaf abundance of the four spe~ies Acacia nigrescens, Combretum 

apiculatum, C. hereroense and Securinega virosa were estimated 

as described in the preceding section. The sum of the leaf 

abundance of these four species, plus that of Euclea plus the 

approximated value for all other species gave the total woody 

plant leaf abundance. The monthly estimates of total leaf abun= 

dance of woody plants are shown in Fig. 18 together with the 

values for £orb leaves (the average of the unburnt slopes and 

pediment from Fig. 6). 
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Seasonal variation~ in leaf abundance of individual woody species 

For estimation of leaf abundance of individual woody species sample 
sizes (the number of frame samples clipped) were inadequate to 
permit subdivision into monthly intervals. Instead the study 
period was divided into the following seasons: 

(i) The dry season of 1976 (May to mid-September). 
(ii) The pre-rain flush (the period before the first good 

rain when many woody plants began leaf production -
• 

mid-September to November). 

(iii) The wet seas on (December 19 76 to April 19 7 7) 

(iv) The dry season of 1977 (May to August). 

Seasonal variations in ·the vegetation were gradual, and therefore 
the greater the number of seasonal subdivisions the more accu= 
rately would these graiual changes in food abundance be reflected. 
However if the four seasons recognized above are further subdi= 
vided the sample sizes for some of the infrequently sampleci 
species would be too small for reliable estimation of average 
canopy leaf density. 

The seasonal estimates of reean canopy leaf densities were derived 
as follows: For the four species that were sampled monthly 
(Acacia nigrescens, Combretum apiculatum, C. hereroense and 
Securinega virosa) each season's estimate was the average of all 
monthly sample values within that season. However no samples 
were taken in May 1976 and so the values from May 1977 were used 
in calculating the average for ~he dry season of 1976. For the 
other species the seasonal estimates were also means of the 
monthly values within each season, but with the following excep= 
tions: For Euclea divinorum, Maytenus heterophylla, Ehretia 
amoena and Dichrostachys cinerea sample sizes were inadequate in 
one or both of the dry seasons, so values from the two dry seasons 
were pooled to calculate an overall average for both. For 
Dic!irostachys cinerea the leaf density estimate of May 1977 was 
the highest of the year. The plants from which this sample was 
collected had not be gun shedding their le aves and so the May 
sample was included with the wet season rather than the dry. As 
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discussed above the dry season leaf density of Euclea divinorum 

was assumed to hold for all seasons. Woody species that were 

not sampled to estimate leaf density were combined into a single 
category 'other woody species', and their leaf density was 

assumed to be equal to the average of the values for the four 

regularly sampled species. 

The estimates of leaf biomass are shown in Tables 20 a and b for 

each the two most important subdivisions of the hill base ecotone, 

the hill slopes (the zone 80 m upslope and 20 m out from the knick 

at the hill bas~, and the pediment (the region extending 20 m to 

about 400 m from the knick). 

DISCUSSION 

Farb leaves contributed by far the greatest proportion of potential 

food in the herb layer. The leaves of woody plant seedlings made 

up no more than five per cent, while £orb reproductive parts made 

a significant contricution only during the early dry s3ason. At 

this ti1ae (April to July) the fruits of Solanum panduraeforme were 

ripening, aud their abundance on the unburnt pe di men t was 1 , 7 g 

per m2
, estimated to be about 7,5 per cent of the total potential 

food in the herb layer. At other times of the year the contribu= 

tion of £orb reproductive parts was negligible. 

Farb leaves were significantly more abundant in the hill base eco= 

tone than the knobthorn savanna, and the two transect surveys 

suggested that £orb abundance declined gradually with increasing 

distance from the hills. Within the hill base ecotone there was 

no significant difference between the slopes and pediment in £orb 

leaf biomass. 

As with the £orbs the average density of woody plants was lower in 

the knobthorn savanna than the hill base ecotone. Within the hill 

base ecotone the density of woody plants was highest at the hill 

b~se, intermediate on the upper slopes and lowest on the pediment. 
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TABLE 20a: THE BIOMASS OF LEAVES AVAILABLE BELOW 2,5 m IN 
g DRY WEJGHT PER m2 OF SOME WOODY PLANT SPECIES 
ON THE SLOPESx OF THE NWAMURIWA HILLS 

Species 

~cacia nigrescens 
:ombretum apiculatum 

:ombretum hereroense 
3ecurinega virosa 
Ziziphus mucronata 
)ichrostachys cinerea 

~aytenus heterophylla 
3hreti a amoe;ia 
3uclea di vinorum 
)ther woody species 

fatal woody plants 
~orb leaves 

)verall Total 

Dry Season 
1976 
(May to 
Mid-Sept.) 

1 ,90 

0,86 

0,37 

o,21 
0,39 

o,33 

0,27 

0,14 
2,95 

10,04 

17,50 

8,30 

25,80 

Pre-rain 
flush 
(Mid-Sept. 
to 
November) 

1 , 45 

0,35 

0,36 

0 , 11 

0, 10 

0,10 

0,01 

2,95 

7,28 

13,30 

1 , 60 

14,90 

Wet Season 
(December 
to 
April) 

5,23 

2,82 

0,72 

0,60 

0,84 

0,79 

0,64 

0,22 

2,95 
25,81 

40,60 

17,60 

58,2C 

x The 'slopes' are regarded to extend from 20 m out 
from the knick at the hill base to 80 m upslope 
from the knick. 

Dry Season 
1977 
(May to 
August) 

2,25 

1 , 3 9 

0,38 

0,24 

0,40 

0,33 

0,27 

0, 1 4 

2,95 

1 2, 1 5 

20,50 

6, 10 

?.6 ,60 
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fABLE 20 b: THE BIOi,IASS OF LEAVES AVAILABLE BELOW 2, 5 m in g 

DRY WEIGHT PER m2 OF SOME WOODY PLANT SPECIES ON 

THE PEDIMENT}€ OF THE NW.AivllJRIWA HILLS 

Species 

~caci a nig res cens 

:ombretum apiculatum 

:ombretum hereroense 

;ecurinega virosa 

~iziphus mucronata 

)ichrostachys cine re a 

1aytenus hetcrophylla 

ihretia amoena 

iuclea di vinorum 

)ther woody species 

'otal woody plants 
:orb leaves 

)verall Total 

Dry Seasons 
r976 
(May to 
Mid-Sept.) 

1 , 9 0 

0,00 

0,28 

0,02 

0,15 

0,47 

0,07 

0,12 

6,75 

3,29 

13 , 10 

12,50 

25,60 

Pre-rain 
£-lush 
(Mid-Sept. 
to 
November) 

1 , 45 

o,oo 
0,27 

0,01 

0, 14 

0,03 

0,01 

6,75 

2, 31 

11 , 6 0 

2, 10 

13,70 

Wet Season 
(December 
to 
April) 

5,23 

0,01 

0,54 

0,06 

0,33 

1 , 1 2 

0,18 

0,20 

6,75 

8,47 

22,90 

18,70 

4 1 , 6 0 

x The pediment is regarded to extend from ZO m 
to 400 m away from the knick at the hill base. 

84 

Dry Sea= 
son 1977 
(May to 
August) 

2,25 

0,00 

0,29 

0,02 

0 , 16 

0,47 

0,07 

0, 12 

6,75 

3,99 

14,10 

9,90 

24,00 
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The pattern of seasonal variation in the nutritional value of 

forb leaves differed between the hill slopes and the pediment. 

Farb leaves on the pediment were higher in both protein and 

moisture than those on the slopes during the dry seasons but 

in the wet season there was little difference between them. 

This may have been due to a difference between the two regions 

in soil moisture content. The contrast between the slopes and 

pediment in soil moisture was probably most pronounced in the 

dry season. So long as the rains lasted the slopes would re= 

main fairly wet but, being sandier (Coetzee 1977) with greater 

run-off, would lose moisture more quickly and to a greater 

extent than the pediment in the dry season. A low soil water 

content may thus account for the lower dry season nutrient 

content of £orb leaves on the hill slopes. 

Summer fires are unusual in the study area; burning usually 

takes place in the late dry season. Because of the greater water 

cont8nt of the vegetation, the fire of January 1977 was p~obably 

cooler than a typical late dry season fire, and only the plants 

in the herb layer and some of the lower leaves of the woody 

plants were affected .. Although the fire caused a marked decline 

in the abundance of. £orb leaves and terminal stems, recovery was 

r~pid; within a few months the quantity of leaves and terminal 

stems on the burnt areas equalled that on the unburnt. In con= 

trast main stems remained less abundant on the burns than the un= 

burnt areas throughout the dry season following the fire. 

During the dry season after the fire the protein and moisture 

content of fo1·b leaves on the burnt areas was significantly lower 

than those on unburnt areas. As indicated by their lower main 

stem biomass the burnt £orbs had not reached full growth by the 

time the dry season set in, and this may have accounted for their 

lower dry season protein and moisture content. However, the 

difference was not necessarily caused by the fire, it could 

reflect inherent differences (for example in soil type or 

species composition) between the two areas. 
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The effects of the fire and other habitat factors on the for= 

aging behaviour of kudus are discussed in Chapter 3. 

The seasonal cycle in biomass of both £orb and woody plant leaves 

was closely correlated with the seasonal cycle in rainfall 

(Fig. 18). Production of £orbs was clearly directly related to 

water availability. In the early growing seasons of both 1975 

and 1976 little new growth of £orbs a~peared before the first 

good rains (which arrived in November). The drought in January 

1977 retarded £orb growth as the immature plants wilted, and 

there were no signs of recovery until rain fell in February. 

In contrast the production of woody plant leaves was less 

closely associated with rainfall. Some woody species flushed 

in advance of the rain, the most common being Acacia nigrescens, 

Combretum hereroense, Lonchocarpus capassa, Acacia gerrardii and 

Sclerocarya caffra. Woody species which did not flush exten= 

sively before the start of the rains in November were Combretum 

apiculatum, Securinega virosa, Ziziphus mucronata, Dichrostachys 

cinerea and Ehretia amoena. These differences between the woody 

species were observed during the preliminary observations in the 

early growing season of 197S as well as during 1976, so there 

are evidently consistent differences between species tn the 

timing of spring leaf production. 

For the early flushing species leaf production is probably trig= 

gered by photoperiodic or temperature cues, and would depend on 

stored reserves rather than the current season's rainfall. For 

the late flushing species it is open to question whether the 

start of leaf production actually depends on the arrival of the 

rains or whether they simply respond more tardily to temperature 

or photoperiod. The increase in the standing crop of woody 

plant leaves from December to February (Fig. 17) indicates that 

considerable growth occurred after the rain arrived, but it is 

uncertain to what extent this depended on stored reserves or 

the current season's rain. 
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The timing of leaf fall and flush varied not only between species 

of woody plants but also between individuals within species. At 

least in Acacia nigrescens,within-species variation depended on 

tree size, the larger specimens lost their leaves earlier in the 

dry season than the smaller ones. Differences in phenology be= 

tween adult and juvenile plants have been reported for Heteromeles 

arbutifolia, an evergreen shrub from southern California U-Iooney, 

Parsons & KummProw 1974). Stem growth ceases earlier in the 

season in the mature reproductive plants than in the non-repro= 

ductive juveniles, evidently because the mature plants divert 

resources from vegetative growth to reproductive parts. In 

Acacia nigrescens the mature trees flower in September even 

before the leaves appear, whereas saplings do not produce fiowers. 

It is possible that here too the demands of reproduction account 

for the observed differences in phenology between the smaller and 

larger individuals. There was also some indication that the 

larger Acacia nigresce~s trees flushed earlier than the small ones, 

although the evidence for this was not conclusive. The saplings 

would have shallower roots than the trees, and may therefore 

depend to some extent on the arrival of rain for leaf production 

rather than entirely on stored reserves. Combretum apiculatum 

also showed differences between ~ature and juvenile specimens in 

phenology, again the larger trees tended to lose their leaves 

earlier in the dry seasoi1. The tiTILing of the spring flush varied 

between trees in different localities, and here microclimatic 

differences were probably responsible. 

Similar patterns in phenology were observed in savanna trees in 

Malawi by Hall-Martin and Fulle~ (1975). They reported that nine 

out of 13 selected deciduous woody species produced new leaves 

before the rainy season commenced, whereas in the remaining four 

species leaf production began only after the first rains fell. 

In Acacia nigrescens Hall-Martin and Fuller also observed con= 

siderable between-individual variation in the timing of leaf fall. 

Goodman (1975) and Pellew (1980) both noted that some savanna 

weedy plants commence leaf production before the first spring 

rains. 
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The seasonal cycle in abundance of forb leaves was more pro= 

nounced than that of woody plants. For £orbs the greatest leaf 

abundance in March was 18 times that of September-October; 

whereas for woody plants the peak in February-March was only 

three times that of the lowest values in August-September. How= 

ever if the evergreen Euclea divinorum is excluded the highest 

abundance of woody plant leaves (27 g per m2
) was 5,4 time the 

lowest (5 g per m2
). Although woody plant leaves were more 

abundant than £orb leaves throughout the year the difference be= 

tween them was relatively less pronounced in the wet season than 

at other ti me s • 

For both woody plants and £orbs highest leaf protein contents 

(20 - 25 per cent) were found early in the growing season when 

the new leaves appeared (which varied from September to November 

depending on species). These initial high values declined when 

the leaves matured in summer (December to April) and thereafter 

declined further in April when leaf fall comme:;,1ced. This would 

be expected from the known relationship between the protein con= 

tent of plants and their phenology. In immature leaves the 

protein content is high but when they fully expand at maturity 

there is an increase in the content of structural carbohydrates 

and lignin and a decrease in protein content. A further decrease 

in protein content can occur before the leaves are shed if the 

plant translocates protein from the leaves to storage organs in 

preparation for dormancy (Beevers 1976). 

Protein contents of over 20 per cent for newly emerging woody 

plant leaves have been reported in other studies (Sauer 1977, 

Pellew 1980) and are probably characteristic of a wide variety of 

African browse species. Pellew (1980) found that the high protein 

contents of new Acacia leaves in East Africa (23 per cent) lasted 

only a few days - the values declined to an average of about 16 

per cent once the leaves expanded and hardened. These protein 

contents are very similar to those of new arid mature Acacia 

nigrescens leaves (see Table 16). But whereas Pellew found that 

the East African Acacia species showed no further decline in 

protein content, the protein content of A. nigrescen1 declined 

from 16 per cent in the wet seas on to 13-14 per cent i.n the dry 

season. Similar declines in protein content from the wet season 
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to the dry were found in other species anaiysed in this study 

(Table 16). Two factors may account for this decline. The 

analyses for leaf protein content were done on subsamples taken 

form the material clipped to estimate abundance, and thus repre= 

sent the 'average' quality-of available food. In the wet season 

samples of both woody and £orb leaves contained mostly mature 

leaves and some new leaves, whereas in the dry season they in= 

eluded mature and falling leaves with very few new leaves. Thus 

the observed decline in protein content from the wet season to 

the dry may have been either because the samples included fewer 

new leaves in the dry season than in the wet or because of trans= 

location of protein from the leaves before they were shed in the 

dry season. 

The seasonal variations in phosphorus and moisture contents were 

similar to that of protein. However leaf calcium content was 

higher in the dry seasons than the pre-rain flush for both £orb 

and woody plant leaves. Seasonal variations in calcium content 

are known to differ from those of other nutrients (Du Tait, Lauw 

and Malan 1940). Garten (1978) noted that calcium has a struc= 

tural role in the plant cell; it is found in cell walls, and 

the concentrations of both nitrogen and phosphorus tend to be 

negatively correlated with that of ca lei um. This woulcl exp lain 

the tendency for calcium content to be higher in the dry seasons 

than the early growing season. 

Although the seasonal cycle in protein content of woody plant and 

£orb leaves was basically similar, the difference between them in 

phenology meant that the cycles were slightly out of phase, and 

as a result the relative difference in quality between £orbs and 

woody plants changed over the year (Fig. 17). Because some woody 

plants flushed before the spring rain arrived the avera,ge protein 

content of woody plant leaves was higher than that of £orbs during 

September and October. Later, from December to April, most woody 

plant leaves had matured while the £orbs were still growing ac= 

tively, and so the £orb leaves averaged higher in protein content. 

During the dry season there was little difference between the 

average protein contents of woody plant and £orb lcav~s. The 
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effects of these s3asonal differences on food selection in kudus 

are discussed in Chapter 2. 

For kudus in the study area the time of greatest food abundance 

is from January to April. As would be expected the period of 

maximum abundance coincides with the calving season - which is 

at its peak from January to March (Owen-Smith unpublished). At 

this time the ~igh nutrient requirements of the cows during late 

pregnancy and lactation could be most easily met. The time of 

greatest food scarcity and lowest nutrient content is from the 

end of July to mid-September, after which the early flushing 

woody plants commence production. The early flushing woody 

plants could be of critical importance to kudus, particularly in 

years when the rains are late, because they offer highly nutri= 

tious food at a time ~hen little else is available. 

Evaluation of the method of estimating potential food abund:rnce: 

Comparison with related studies 

The leaf density as estimated using the 0,1 ~ 3 frame provided an 

index of abundance to compare between species and between seasons. 

The method was successful in identifying the seasonal trends and 

also helped to assess differences between species in phenology. 

The seasonal changes in the frame sample estimates were consistent 

with results based on descriptive records of phenology. The frame 

method had the additional advantage of providing an objective 

method of collecting leaves for analysis of nutrient content. 

However in estimating leaf abundance per unit area the method was 

susceptible to bias; leaf weight per unit frame volume tended to 

overestimate leaf weight per unit canopy volume for some species. 

The degree of bias is likely to vary between species depending on 

typical growth form. Detection and correction of the bias proved 

laborious, and this must be ~onsidered an important difficulty with 

the method. However alternative methods of estimating seasonal 

variations in browse abundance are not without difficulties. The 
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most common approach involves the use of regression techniques 

(Rutherford 1979). A regression equation is calculated relating 

some easily measured dimension of the plant, such as stem diameter 

or canopy volume (termed the predictor variable) to biomass. The 

predictor variable is then surveyed in plots of known size and 

biomass is estimated using the regression equation. This 

approach would be adequate for estimating the standing wet season 

crop as was done by Dayton (1978) in the Kruger Park. However 

if variations over the seasons are required a considerable amount 

of sampling would be necessary to derive the regression equations. 

In view of the relationship between leaf fall and tree size found 

in the present study separate prediction equations would have to 

be derived for different seasons for each category of plant size. 

In the spring, when a large n ur.1be r of woody plan ts are bare, the 

relationship between tree dimensions and leaf mass is variable, 

and it would be difficult to derive accurate prcidiction equations. 

Pellew (1980) tried the regression technique as a means of estima~ing 

year-round availability of Acacia browse in East Africa but found 

it unsatisfactory because of excessive variance. He employed a 

direct estimation te<:hnique which proved accurate to vrithin ten 

per cent. The Point-Centred Quarter method was used to obtain 

available canopy volume per unit ground area. Each tree cont~cted 

by this method was categorized by species and by foliage density 

class on a scale of 0-5. Every tenth tree of each category was 

photographed and harvested to determine browse biomass m- 3 of 

canopy volume. Sample trees that were not harvested were awarded 

biomass m- 3 values by comparison with the photographed trees. The 

technique has the disadvantage of not being suitable for treatment 

by normal statistical analysis (Pellew 1980). 

In the Serengeti National Park, Tanzania, Pellew (1980) reported 

maximum available browse biomass (leaves as well as current 
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season's shoots) of 71 ,2 g per m2 at the end of the rains, which 

declined to a minimum of 16,7 g per m2 in the late dry season. 

The extreme interseasonal range was thus a factor of 4,3 rimes. 

This is similar to the values found in this study for inter= 

seasonal variation in total woody plant leaf abundance (3,2 times 

if the evergreen Euclea divinorum is included, 5,4 times if it is 

excluded). 
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CHAPTER TWO: FOOD SELECTION 

The choices involved in food selection occur at different levels 
(Johnson 1980, Owen-Smith and Novellie 1982). Firstly the animal 
can select certain plant communities from among the range of com= 
munities encountered. Secondly it can select between different 

patch types or subcommuni ties o.f plants present within each main 
community. The third level of selection is that of the individual 
plant; the herbivore can select between species or between indi= 
viduals of a species. Next the herbivore can select certain parts 
of any individual plant, either leaves, stems or reproductive 
parts. Further selection can take place within this level, for 
example the animal can choose certain individual leaves or leaf 
groups of different growth stages. 

The only selection level for which quantitative data could be 
obtained in this study was the plant species selected. In order 
to assess community selection it would have been necessary to 
record the relative amount of foraging time spent in the different 
subdivisions of the study area. Records of the time apportio= 
ment between habitat subdivisions were biased beca~se, owing to 
differences in vegetation and topography, it was more diffjcult 
to find the kudus in some habitat subdivisions than others. An 
attempt was made to solve the problem using radio teler.:~try to 
locate the animals, but the transmitters did not function suffi= 
ciently long. From the usual observation distance (see Methods 
below) the plant parts eaten by kudus could s0metimes be recognised, 
but it was not usually possible to determine the relative proper= 
tions of leaves, shoots and reproduction parts that were taken. 
Plant part selection could therefore be studied only qualitatively. 
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METHODS 

Th.e choice of methods suitable for estimating the diet composition 

was limited by practicality as well as the objectives of the study. 

Since the major objective was to investigate the role of food as a 

factor affecting population success any method involving destruc= 

tive sampling, such as the analysis of rumen contents, could not 

be considered. The most accurate method of measuring diet com= 

position is by means of the oesophageal fistula, but although 

this may have some potential for use with tamed wild animals, it 

is not feasible in most field studies. Another method is to 

identify food plants from undigested fragments in the faeces 

(Stewart 1967). However although grasses can be readily identi= 

fied in this way other plan: types are more difficult. Also 

different food items are digested to different degrees, and there= 

fore relative quantities of different species in the faeces m~y 
not reflect the proportions in the diet. Yet another possibility 

is the use of vegetation-based techniques (Barnes 1976). These 

can take the form of surveys of the vegetation to assess utiliza= 

tion or, alternativeJy, exclosures can be constructed to exclude 

herbivores, and utilization is then assessed by comparing the 

vegetation inside the exclosures with that outside. However for 

this study the vegetation-based approach had several disadvantages. 

Firstly the study area was utilizeci by a number of herbivores 

besides kudus so that there was a risk that food plants of these 

other species could wrongly be ascribed to kudus. Also kudus do 

not occur at such high densities as many grazers for example, and 

the impact of the population is spread aver a wider area. Use of 

exclosures would therefore be impractical. 

The most suitable method under the circumstances was direct obser= 

vation of foraging kudus. Diet composition was estimated from the 

relative amount of feeding time spent on the different species, as 

described by Owen-Smith (1979). A foraging kudu was kept under 

continuous observation for a period which varied from one to 

thirty minutes. A complete record of the animal's foraging be= 

haviour as well as the plants eaten was obtained by means of a 
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portable tape recorder. The commentary was synchronised with 

the actions of the kudu so that the sequence was recorded as 

closely as possible. The tape was later transcribed and the 

duration of each activity was timed by means of a stopwatch. 

A number of such recording sessions were made in each month of 

the study period (Table 21, see below). 

The procedure was designed to obtain a quantitative record of 

patterns of foraging behaviour as well as diet composition. For= 

aging behaviour is discussed in Chapter 3, and only those aspects 

of the method relevant to food selection are dealt with here. 

Food plants eaten were classified into two basic groups: 

(i) Woody plants which were visible above tL.e herb layer 

(trees, saplings and shrubs more than about 0,5 m tall). 

(ii) Plants in the herb layer including grass, £orbs and 

seedlings of woody plants (w0ody plants under 0;5 m 

tall), which were usually invisible to the observer 

because of the dense ground cover. 

Thus the woody plant species could be identified, but since the 

plants in the herb layer could not be seen the proportions of 

these species in the diet could not be established by direct ob= 

servation. For each recording session the time spent feeding in 

the herb layer and on each woody species was calculatea. Feeding 

time included reaching for food and gathering it as well as chew= 

ing. 

In addition the numbers of individual woody plants of each species 

fed on were recorded. A kudu could sometimes interrupt feeding on 

one woody plant to feed on adjacent plants, then return to the 

first plant. This was counted as only one record of feeding on the 

first plant, not two. 

It sometimes happened that I was uncertain of the identity of one 

or more woody plants fed on during a recording session. In these 

cases a description of the position of the doubtful plants was 

recorded on the tape after the session had ended. The sites were 
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subsequently visited and the identity of t~e plants checked. It 

sometimes proved impossible to locate the plants, however, and 

they had to be recorded as 'unidentified'. 

I attempted to identify plants eaten in the herb layer by inspec= 

ting sites where kudu had been feeding, but this proved time con= 

suming in relation to the amount of information obtained. Results 

were probably biased towards the larger species, partly because 

they were easier to locate but also because the kudus sometimes 

left only unidentifiable fragments of the smaller species. Be= 

cause of these limitations only a rough indication could be 

obtained of the plant species utilized in the herb layer. 

The duration of recording sessions varied according to cjrcum= 

stances. If a kudu performed any activity other than feeding for 

longer than two minutes the session was regarded as terminated at 

the start of such activity. This was an arbitrary decision but 

the exact criterion has little influence on results; as shown 

by Owen-Smith (1979) very few intervals between feeding bouts 

last longer than 90 seconds. 

It often happened that the kudu under observation became obscured 

behind the vegetation. The tape was turned off the moment the 

animal disappeared; if it reappeared within three minutes the 

recording session was continued as if no interruption had uccurrcd, 

otherwise it was terminated. 

Another factor which could restrict the duration of recording ses= 

sions was the need to locate the unidentified woody plants. This 

was difficult if the session continued too lo~g or the ~udu moved 

a long distance during the session. If the k11du foraged conti= 

nuously and conditions were favourable the recording lasted a 

maximum of thirty minutes. 

The kudus were accustomed to vehicles but not to obser~ers on 

foot, and so most observations were made from a Land Rover. On 

the pediment the animals could be followed in the vehicle and 

recording distance could be as close as 5 - 10 m. For kudus 

foraging at the hill base or on the slopes the obscrv~tion distance 
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was usually much f 1Irther. Recordings were sometimes made from 

the hill tops and under these conditions the observation distance 

could be about 800 m. Binoculars were used at distances of less 

than about 100 m and a telescope at greater distances. The 

activities of the foraging kudu could generally be seen at the 

longer observation distances but food plants could not be 

identified satisfactorily. The longer the distance the greater 

the risk of bias towards the larger more distinctive species. 

Food plants were therefore seldom identified at distances of 

over 400 m. 

The data reported here were gathered over the period May 1976 to 

August 1977. A number of recordings were made between October 

19 7 5 and Apri 1 19 76 but these were not accompanied by measurements 

of the quantity and quality of the vegetation so these data are 

not reported in detail. The number of sessions and total recor= 

ding time is shown for each month of the main study period in 

Tab le 21 . 

Although data were collected each month, sample sizes were insuf= 

ficient to examine selection amongst woody species on a monthly 

basis. The study period was therefore subdivided into the four 

seasons recognised in Chapter 1 (see Table 20). If these seasons 

are further subdivided the sample size in each season becomes too 

small to reliably assess selectivity for the less common woody 

species. For the dominant woody species, however, finer subdivi= 

sions are possible and feeding time spent on these species are 

examined on a monthly as well as a seasonal basis. 

Estimating acceptance of woody plants 

The diet composition of an animal will obviously be determined 

partly by the array of food types available to it. If the animal 

exercises no selectivity in feeding, but simply accepts food items 
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TABLE 21 1HE NUMBER OF RECORDING SESSIONS AND TOTAL RECORDING 

TIME PER MON1H GATI-IERED BE1WEEN MAY 1976 AND AUGUST 
1977 

Total With food pl2nts 
identified 

Month Nt.unber of Recording Number of Recording 
sessions time (hours) sessions time (hours) 

May 1976 13 2,35 9 1,40 

June 34 5,35 23 3,30 

July 31 5,07 23 3,80 

August 37 6,02 32 5,55 

September 18 3, 17 14 2,40 Pre-flush 

September Post-
flush plus 40 6,90 35 6, 18 
October 

November 21 3, 12 18 2,68 

December 36 4,47 25 3,65 

January 1977 32 4,30 23 3,08 

February 27 4,22 27 4,22 

March 8 1,20 8 1, 20 

April 29 3,20 17 1,57 

May 29 3,60 24 3,12 

June 37 4,30 31 3,53 

July 41 5,20 41 5,20 

Au9;t1st 34 4,42 31 3,98 

Total 467 66,89 381 54,86 
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as it encounters t11em, the proportions of the different food 

types in its diet will be the same as the relative proportions 

available in the environment. Feeding is said to be selective 

if the food types are eaten disproportionately to their relative 

availability (Chesson 1978). The degree of selectivity shown in 

feeding is therefore assessed by examining diet composition in 

relation to the availability of the various dietary components. 

Several measures have been proposed which allow different food 

types to be ranked in terms of their relative acceptabilities 

(Chesson 1978, Johnson 1980). The approach used here has been 

employed in a number of studies (Petrides ·1975, Chesson 1978); 

an indication of the acceptance of a food type is given by its 

"selectivity rating", calculated as the ratio of its proportion 

in the diet to the proportion available in the habitat. The 

proportion of a food type in the diet of kudus was estimated as the 

proportion of the total feeding time spent on it, and the rela= 

tive availability of a food type was given by its proportion of 

total available leaf biomass. 

Statistical analysis 

Differences in the selectivity ratings of different food types 

may arise simply by chance (because of sampling variation) and 

therefore it is desirable to determine the statistical reliability 

of the ratings. 

For the purpose of s ta tis ti cal analysis the proportion of fee ding 

time spent on each woody species was separated into two components: 

(i) the relative frequency of utilization of a species, equal 

to the number of individual plants of that species fed on, 

expressed as a percentage of the total number of woody 

plants fed on. 

(ii) the mean time spent feeding on an individual plant, equal 

to the total time spent feeding on a species divided by the 

number of utilized plants of that species. 
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The methods of analysis are described for each of these components 

below. 

The frequency of utilization of woody plants 

To analyse selection amongst individu2l woody plants the relative 

frequency of utilization of each speci~s was compared with the 

relative numbers of each available. The total number of woody 

plants of each species fed on by kudus in each season was counted 

over all recording sessions. The numbers of individual plants of 

the various woody species available (calculated as described 

below) were then used to derive the number of utilized plants of 

each species which would be expected if utilization were proper= 

tional to availability. Chi-square goodness-of-fit tests were 

used to determine the significance of deviatioils between observed 

and expected values. The null hypothesis tested was that the 

relative numbers of the different woody species fed on by kuaus 

were directly proportional to the relative numbers available. The 

alternative hypothesis was that the kudus select certain species 

either more or less frequently than would be expected on the basis 

of their availability. 

Only those woody species with an overall density of more than 15 

per ha were considered in this analysis as the expecte~ values for 

the remainder would be too small to apply the chi-square test. 

It is generally recommended that the chi-square test only be 

applied if there is an expected value of at least one iu each cell 

and that no more than 20 per cent of all cells contain less than 

five expected observations. However Roscoe and Byars (1971) 

indicate that these conditions may be conservative and that the 

chi-square can be used as long as the average expected obser= 

vation is six or more for the 0,01 level of the test. The latter 

criterion was applied to the present analysis. 

Although the chi-square tests show that the sets of observed 

values deviate from the expected they do not determin0 significant 
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preference or avoidance of specific species. The Bonfer~oni z 

statistic was therefore used as described by Neu, Byers and Peek 

(1974) to estimate whether each species was fed on more or less 

frequently than expected. 

This technique involves constructing 90 per cent confidence in= 

tervals for the observed percentage utilization of each species 

in order to determine whether the expected percentage lies with= 

in the interval. Since several parameters are estimated simul= 

taneously the level of significance of the intervals requires 

adjustment (Neu et al. 1974). The appropriate statistic used in 

constructing each interval estimate is 

where k is the number of simultaneous estimates being made and 

a is the level of significance (in this case a= 0,10). The 

resulting confidence intervals are wider than for an esti:u1ate of 

only one parameter. 

The mean time spent feeding on individual woody plants 

For each woody species the recorded number of seconds spent by 

kudus feeding on individual plants was divided by the mean weight 

of le~ves (in grams) available per plant. The resulting ratios of 

feeding time to weight of leaves available per plant were than com= 

pared among the different woody species. The values for feeding 

time spent on a plant showed evidence of heterogeneity of variance 

and lack of normality. The logarithmic transformation was applied, 

but this did not eliminate heterogeneity of variance. Thus data 

from each season were first tested using the Fmax test (Sokal and 

Rohlf 1969) to determine whether homogeneity of variance could be 

assumed. If the assumption of homogeneity of variance was 

accepted comparisons among means were made using the Newman 

Keuls test. If not the approximate test of equality of means 

whe1,. the variances are heterogeneous (Sokal and Rohlf 1969) was 

used. The null hypothesis of these tests was that there 
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are no differences among woody species in the ratio of feeding 
time to weight of leaves available per plant. 

Estimating availability of woody plants 

The estimates of the relative amounts of each food type available, 
used in calculating the selectivity ratings, should reflect con= 
ditions as experienced by the kudus in the areas where they chose 
to forage. This would depend on the amount of time the kudus 
apportioned to the various habitat subdivisions. Estimates of 
availability as experienced by the kudus were therefore approxi= 
mated as shown below. For each season the percentage of recor= 
ding time obtained from each of the nine subdivisions of the hill 
base ecotone was calculated (Table 22). These percentages were 
used to derive weighted abundance estimates for all woody plants 
combined and for each woody species with an overall density of 
more than 15 per ha. (For those species with densities less than 
this selectivity could not be assessed reliably..) 

Weighted estimates of available canopy volumes were derived as: 

where tk is the fraction of recording time obtained in the k th 

habitat subdivision, c is the canopy vo~ume per unit area in the 
k th habitat subdivision, and n is the number of habitat subdivi= 
sions (n=9). These estimates were converted to leaf weight by 
multiplying by the mean leaf weights per unit canopy volume 
given in Chapter 1. The values for available leaf weights 
represent the quantities of each woody species encountered by 
the kudus in the areas where the foraging data were gathered. 
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TABLE 22 

Season 

us 
Dry Season B 1976 

p 

us 
Pre-rain B 

flush p 

us 
Wet B Season 

p 

us 
Dry Season B 

1977 p 

103 

PER CENT OF RECORDING TIME OBTAI~W IN EAQ-I HABITAT 

SUBDIVISION. US = UPPER SLOPES, B = HILL BASE, 
P = PEDI~1T 

West slopes 
Nwamuriwane 

10% 

3% 

25% 

38% 

0% 

0% 

4% 

4% 

34% 

7% 

8% 

49% 

5% 

9% 

.33% 

47% 

Habitat 

East slopes 
Nwamuriwane 

2% 

9% 

13% 

24% 

4% 

0% 

14% 

18% 

1% 

2% 

8% 

11% 

2% 

5% 

14% 

21% 

West slopes 
Nwamuriwa Total 

5% 17% 
16% 28% 

17% 55% 

38% ,00% I 
10% 14% 

28% 28% 

40% 58% 

78% 100% I 
13% 48% 

18% 27% 

9% 25% 

40% 100% I 
13% 20% 

8% 22% 

11% 58% 

32% , 00% I 
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Estimates of the relative numbers of the different woody ~pecies 

available, used to compare with the relative frequency of utili= 

zation, were derived in a similar way. 

Acceptance of plants in the herb layer 

The data on the proportion of time spent feeding in the herb 

layer were sufficient to test for differences between months as 

well as between the four seasons. The percentage of feeding time 

spent on plants in the herb layer as opposed to woody plants was 

calculated for each recording session of over 2 min duration. 

The significance of differences among monthly means were then 

tested using the Newman-Keuls test. The variates were percen= 

tages which varied between O and 100, and so the arcsin transfer= 

mation was applied (Sokal and Rohlf 1969). 

In order to compare utilization of plants in the herb layer with 

their relative availability a monthly estimate was derived of the 

percentage of total leaf biomass (i.e. woody plants plus £orbs) 

made ur by forb leaves. The relative proportions of recording 

time obtained in each of the habitat subdivisions were used to 

derive these percentages in a similar way to that described above 

for weedy plant species. 

Limitations and possible sources of error in the method 

Estimates of diet composition in terms of feeding time have one 

important limitation; feeding time is not necessarily an accurate 

representation of the quantity of material ingested. The relative 

proportion of feeding time spent on different species is an unbiased 
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estimate of relative mass ingested only if the ingestion rate 

per unit feeding time does net differ between plant species. 

As will be discussed later this condition is unlikely to hold. 

Some workers (see e.g. Wallmo et al. 1973, Stephens 1975) have 

recorded the number of bites taken from food plants as a measure 

of utilization. In this study observation distances were usually 

too long to re~ord this. Also bite sizes were very variable, so 

it is doubtful whether ~ite counts would have provided superior 

estimates of quantity ingested. 

Estimates of feeding time made from a distance may also be sub= 

ject to bias. Wallmo et al. (1973) compared the results of 

distant observers using feeding time to estimate diet composition 

of a tame deer with those of observers stationed next to the deer. 

The distant observers tended to overestimate the use of shrubs 

and to underestimate the use of grasses and £orbs. The use of 

the largest and most conspicuous shrubs was also overestimated. 

Furthermore results could vary between observers, some were more 

inclined to guesi at uncertain food species than others. Wallmo 

et al. concluded that quantitive estimates based on feeding time 

could be seriously in error. 

There was no opportunity to sy~tematically check the accuracy of 

observations made during this study. However there is reason to 

think that the procedures followed in recording would give pro= 

tection against the degree of bias found by Wallmo and co-workers. 

In the present study the vegetation divided easily into the 

visible woody component and the invisible herb layer, and no 

attempt was made to record plant species utilized in the herb 

layer. It is unlikely that there was a bias in favour of one or 

other of these two main categories. Secondly the identity of 

uncertain woody plants was checked whenever possible. 

Nevertheless some degree of bias is possible. Unidentified woody 

plants which afterwards could not be located were often low­

gro1ving and not clearly visible above the herb layer. This means 

that species which typically had this growth form (e.g. Combreturn 
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mossambicense and Maerua parvifolia) could have been under­

represented in the samples. 

Another possible source of error was that the kudus sometimes fed 

on plants growing within the crown of a larger species and from a 

distance it could appear that the larger species was the one 

being utilized. In the study area creeper species such as Cucumis 

metuliferus so~etimes grew within the canopy of woody plants. The 

kudus were observed on a few occasions pulling these creepers out 

of the crown of a shrub and chewing on them. It is uncertain to 

what extent this factor could have biased results but it is un= 

likely to have been a major source of error. If a kudu under 

observation was suspected to be eating a plant within the canopy 

of another the site was later inspected and. the plants examined 

for signs of utilization. 

RESULTS 

Diet composition in relation to availability: the selectivity 

ratings 

The diet composition of kudus in the hill base ecotone showed 

marked seasonal variations (Table 23 a-d). Thus in the wet season 

and the 1976 and 1977 dry seasons 64-68 per cent of feeding time 

was spent on plants in the herb layer, but this declined to only 

17 per cent in the pre-rain flush. There were also seasonal 

variations in the proportion of feeding time spent on the two 

dominant woody species, Acacia nigrescens and Combretum apiculatum. 

A comparatively greater proportion of feeding time was spent on 

C. apiculatum than A. nigrescens in the dry seasons, but a much 

lower proportion in the pre-rain flush (Table 23 a-d). Combretum 

hereroense was fed on mainly in the dry seasons and the pre-rain 

flush, but comprised only a small proportion of the diet in the 

wet season. Feeding time spent on Securinega virosa on the other 

hand was higher during the we season than at other times. 
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TABLE 23 

TABLE 2 3a -

Species 

Acacia nigrescens 

Combretum apiculatum 

Combretum hereroense 

Securinega virosa 

Ziziphus mucronata 

Dichrostachys cinerea 

Maytenus heterophylla 

Ehretia amoena 

Euclea divinorum 

Other woody species 
Herb layer 

SELECTIVIfY RATINGS FOR TI-IE COMMON WOODY SPECIES AND FOR PLANfS IN 1HE 

HERB LAYER 

DRY SEASON 1976 : MAY TO MID-SEPTEMBER 

A B 
Per cent of Per cent of Selectivity 

feeding dry mass of rating 
time leaves available (A/B) 

2,8 7,4 0,38 
4,6 1 , 7 2,71 
4,7 1, 3 3,62 
0, 1 0,4 0,25 
1 , 8 0,7 2,57 
1 , 6 1 , 9 0,84 
2,9 0,9 3,22 
2,0 0,4 5,00 
2,0 20,8 0, 10 
9,5 29,5 0,31 

68,0 35 ,_O 1,94 

100 100 

Rank of 
rating 

8 

4 

2 

9 

5 

7 

3 

1 

10 

6 

---4 

0 
·,; 
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TABLE 23h - PRE-RAIN FLUSH MID-SEPTEMBER TO NOVEMBER 

A B 
Per cent of Per cent of Selectivity 

feeding dry mass of rating Rank of 
time leaves available (A/B) rating 

Acacia nigrescens 42,S 11 , 2 3,79 5 
Combretum apiculatum 3,4 0,5 6,80 2 
Combretum hereroense 9,7 1, 9 5, 11 3 

Securinega virosa 0 0, 1 0 11 
Dichrostachys cinerea 1,0 0,7 1,43 7 
Maytenus heterophylla 1, 7 0,2 8,5 1 
Dalbergia melanoxylon 4,2 0,9 4,67 4 
Ehretia amoena 0,2 0, 1 2,00 6 
Lonchocarpus capassa 3,4 3,2 1,06 9 
Euclea divinorum 0,7 37,4 0,02 10 
Other woody species 16 ,2 30,9 0,52 
Herb layer 17 ,0 12,9 1,32 8 

100 100 _.. 
0 
00 
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TABLE 2 3 c - WET SEASON DECEMBER TO APRIL 

A B 
Per cent of Per cent of Selectivity 

feeding dry mass of rating Rank of 
time leaves available (A/B) rating 

Acacia nigrescens 7,0 14, 1 0,50 "' 0 

Combreturn apiculatum 6, 1 8,7 0,70 6 
Comb:tetum hereroense 0,3 2,3 0, 13 9 
Sercuriner:a virosa 2,'.1 1 , 5 1,53 3 
Ziziphus mucronata 3,3 1 , 1 3,00 1 
Dichrostachys cinerea 1 , 9 1 ,6 1 , 19 4 
Maytenus heterophylla 2,2 3,3 0,67 7 
Ehretia amoena 0,3 0,3 1,00 5 
Euclea divinorum 0 10,2 0 10 
Other woody species 10,8 25,9 0,42 
Herb layer 65~ 31,0 2, 12 2 

100 100 

-0 
~ 
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TABLE 2 3 d - DRY SEA.SON. 19 77 MAY TO AUGUST 

A B 
Per cent of Per cent of Selectivity 

Species feeding dry mass of rating Rank of 
time leaves available (A/B) rating 

--
Acacia nigrescens 7,0 9,9 0,71 7 

CornbretlUil apiculatum 11 , 1 2, 1 5,29 1 

Combretum hereroense 3, 1 1 , 2 · 2,58 2 

Securinega virosa 0, 1 0,8 0, 13 9 

Ziziphus mucronata 1 , 2 1 , 1 1,09 6 

Dichrostachys cinerea 2,9 2, 1 1,38 5 

Maytenus heterophylla 0,5 0,8 0,63 8 

Ehretia amoena 0,9 0,4 2,25 4 

Euclea divinorum 0,2 18 ,9 0,01 10 

Other woody species 9,5 34,7 0,27 

Herb layer 63,5 _18,0 2,27 3 

100 100 ..... -0 
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The seasonal variations in diet composition found in this study 

are very similar those reported by Owen-Smith (1979). Evidently 

the diet composition of kudus in the study area follows a defi= 

nite seasonal pattern which remains consistent from one year to 

the next. Table 23 a-d does indicate some differences between 

years, however; both A. nigrescens and C. apiculatum comprised a 

relatively greater proportion of the diet in the dry season of 

1977 than that of 1976. 

The question arises of whether the seasonal variations in diet 

composition simply reflect corresponding seasonal variations in 

the relative availability of the different food types, or whether 

selection amongst food types actually varies between seasons. To 

some extent variations in diet composition are correlate~ with 

variations in relative availability. Thus the low proportion of 

feeding time spent on plants in the herb layer during the pre­

rain flush corresponds with the low availability of £orb leaves 

relative to woody plant leaves at this time (Table 23 b). 

C. apicula~um tended to produce leaves later than A. nigrescens, 

and so its availability compared to A. nigrescens was low during 

the pre-rain flush. This, in part, could account for the fact 

that C. apiculatum comprised a lower proportion of the kudus' 

diet compared to A. nigres cens in the pre-rain flush t!-.1.an at 

other times of the year. 

However, the differencffi between food types in the selectivity 

ratings do not remain consistent between seasons. This indicates 

that seasonal variations in diet composition are not entirely 

attributable to variations in availability, b11t that selection 

amongst food types does vary between seasons - a species favoured 

in one season may be avoided in another. Thus, as noted, 

Combretum apiculatum comprised a greater proportion of the kudus' 

diet than Acacia nigrescens in the dry seasons, but a lower pro= 

portion at other times. This was despite the fact that the 

relative abundance of Acacia nigrescens was greater than that of 

C. apiculatum throughout the year (Table 23 a-d). This means that 

the kudus favoured C. apiculatwn more strongly relative to 
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A. nigrescens in the dry seasons than in the other seasons. The 

selectivity ratings of C. apiculaturn are actually higher than 

those of A. nigrescens in all seasons, but the difference between 

them is proportionately greatest in the dry seasons. Seasonal 

differences in acceptance of other woody species are discussed in 

the following sections. 

The proportion of feeding time spent on plants in the herb layer 

Variation between months in the proportion of time spent feeding 

on plants in the herb layer are shown in Fig 19. Comparison 

among the monthly means, using the Newman-Keuls test, showed the 

October value to be significantly lower than all other months 

(P < 0,05), but differences between remaining months were not 

significant. This confirms that plants in the herb layer corn= 

prised a smaller proportion of the diet in the pre-rain flush 

than during the other seasons. The proportion of feeding t~rne 

spent on plants in the herb layer did not differ much between the 

wet and dry seasons. 

Fig. 19 s~ows that the proportion of time spent feeding on plants 

in the herb layer was higher than ~ould be expected from the 

relative availability of £orb leaves in all months except October. 

This shows that the kudus favoured £orbs over woody plants at all 

times except possibly during the pre-rain flush. 

Table 23 and Fig. 19 relate the time spent feeding in the herb 

layer to the relative availability of forb leaves. But since 

food from the herb layer includes £orb reproductive parts, 

woody plant seedlings and a little grass as well as £orbs, the 

selectivity rating for the herb layer will be biased on the high 

side. However little grass was eaten,(~ee below), and £orb fruits 
and woody plant seedlings comprised only a small proportion of herb 

layer biomass, so the bias would be slight. 
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[ 
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Relative availability of forb leaves 100 x total leaf abundance 

MONTHLY MEAN PERCENTAGE OF FEEDING TIME 

SPENT ON PLANTS IN THE HERB LAYER COM= 

PARED WITH THE RELATIVE AVAILABILITY OF 

FORBS 
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Plant species eaten in the herb layer 

As discussed under Methods, detailed quantitative information on 

the forb species utilized could not be obtained. A rough indi= 

cation of the frequency of utilization of the various forb 

species is given in Appendix I. Observation of foraging kudus 

and inspection of areas where they had been foraging indicated 

that very little grass was eaten except in spring when the new 

growth began. The knobthorn savanna wAst of Little Nwamuriwa 

(Fig. 1) was burnt in September 1976. In November the grass on 

the burns flushed and at this stage the kudus were frequently 

observed eating large quantities of the new grass. The protein 

content of the new grass leaves in November was 15,3% but by 

December this had declined to 13%. J:n:December the kudus were 

no longer eating the grass but were feeding extensively on £orbs, 

which had increased markedly in abundance from November to 

December (see Fig. 16). The fact that they did accept grass in 

November may have been due to the telatively high nutritional 

value of t~1e new grass leaves at that time. 

The frequency of utilization of individual woody plant3 

Table 24 a-d shows the observed numbers of each of the common 

woody species fed on by kudus during the four seasons of the 

study period. The observed numbers are compared with the numbers 

that would be expected if utilization were directly proportional 

to avai lab i li ty. The chi-square goodness -of-fit tests, used tc 

test the significance of deviations between observed and expected 

values, gave highly significant chi-square values for all four 

seasons. This· shows that kudus do not feed on individual plants 

in proportion to their availability but tend to select certain 

species and avoid others. 

The 90 per cent confidence intervals for the observed percentage 

utilization of each woody species, calculated using the Bonferroni 
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TABLE 24 FREQUENCY OF UTIIZATION OF 1HE CQ\1MON WOODY SPECIES CCMPARED wrrn THE EXPECTED FREQUENCY BASED ON 
AVAILABILITY. DIFFERENCES BETWEEN OBSERVED AND EXPECTED VALUES rcSTED USING TI-IE Q-II-SQUARE 
GOODNESS-OF-FIT TEST. 1HE 90% CONFIDENCE LIMITS WERE CALCULATED USING TI-IE BONFERRONI Z STATISTIC 
(SEE TEXT) 

TABLE 24a 1HE DRY SEASON OF 1976 : MAY TO N1ID-SEPTEMBER 

Recording Observed Expected 
Species sessions mnnber nwnber 

utilized utilized 
No = % (0) (E) 

Acacia nigrescens 14 17 54,4 
Combretum apiculatum 12 19 14,2 
Ccmbretum hereroense 19 27 5,3 
Securinega virosa 3 3 4,4 
Ziziphus rnucronata 4 4 4,0 
Dichrostachys cinerea 12 13 7,2 
f\laytenus heterophylla 12 14 3,7 
Dalbergia rnelano:xylon 5 6 13,3 
Acacia gerrardii 2 2 8,2 
Ehretia amoena 14 15 2,8 
Acacia tortilis 0 0 5,8 
Cissus lonicerifolia 0 0 3,9 
Dornbeya rotundifolia 3 3 4,7 
Pterocarpus rotundifolius 2 2 5,6 
Euclea divinorum 6 7 6,5 
Grewia monticola 0 0 6,7 
Lonchocarpus capassa 2 2 3,3 
Other species - 41 21 , 2 

Totals 101 175 175 
(sessions) 

Chi-square = 250,2 df = 17 P< 0,001 
*Sample size too small to calculate confidence intervals 
(ace) Significant acceptance 
(rej) Significant rejection 
(ns) Not significant 

Observed percentage 
(O-E) 2 utilized with 90% 

E confidence limits 

25,7 3 , 5 +- 9 , 7 ..... 1 5 , 9 ( re j ) 
1 ,6 4 ,4 .._10, 9..,...17 ,4 (ns) 

88,9 7~8._15,4-t23,0 (ace) 
0,5 1 , 7* 
0 2,3* 

4,7 1 , 9 +- 7, 4 ~ 12, 9 (ns) 
28,7 2, 3 +- 8, o _,. 13, 7 (ace) 
4,0 0 '- 3 , 4 -. 7 , 2 ( re j ) 
4,7 1 , 1 * 

53,2 2, 7 ~ 8, 54 14 ,3 (ace) 
5,8 0* 
3,9 0* 
0,6 1 , 7* 
2,3 1 , 1 * 
0, 1 0 ~ 4 , 0 ..... 8 , 0 (ns) 
6,7 0* 
0,5 1 , 1 * 

18,5 14,6+-23,4 4 32,2 (ace) 

250,2 100 

Expecte~~! percentage ! 
utilized ~ 

31 , 1 
8, 1 
3,0 
2,5 
2,3 
4, 1 
2, 1 
7,6 
4,7 
1 ,6 
3,3 
2,2 
2,7 
3,2 
3,7 
3,8 
1 ,9 

12, 1 

100 

....a. 

....a. 
u, 
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TABLE 24b 1HE PRE-RAIN FLUSH: MID SEPTEMBER TO NOVEMBER 

Recording Observed Expected 

Species sessions mnnber number 
utilized utilized 

No % (0) (E) 

Acacia nigrescens 30 57 63 54, 1 
Combretum apiculatum 7 13 9 7, 1 
Combretrnn hereroense 10 19 21 4,7 
Securinega virosa 0 0 0 3,3 
Ziziphus mucronata 3 6 3 3,3 
Dichrostachys cinerea 2 4 4 5,3 
Ma.ytenus heterophylla 2 4 2 2,9 
Dalbergi_a melanoxylon 4 8 4 9,8 
Acacia gerrardli 4 8 6 7,3 
Ehretia amoena 2 4 3 2,9 
Acacia tortilis 1 2 1 5,0 
Cissus lonicerifolia. 1 2 1 2,9 
Dombeya rotundifolia 2 4 3 2,0 
Pterocarpus rotundifolius 0 0 0 4,7 
Euclea divinorum ' 6 3 9,3 .) 

Grewia monticola 1 2 1 9,6 
Lonchocarpus capassa 8 15 10 3,4 
Other species 21 17 ,4 

Totals 53 
(sessions) 

155 155 

Shi-square = 101 df = 17 
*Sample size too small to calculate 
(ace) Significant acceptance 

P< 0,001 
confid0~ce limits 

(ns) Not significant 

(O-E) 2 

E 

1 , 5 
0,5 

56,5 
3,3 
0 

0,3 
0,3 
3,4 
0,2 
0 

3,2 
1, 2 
0,5 
4,7 
4,3 
7,7 

12,8 
0,7 

101 

Observed percentage 
utilized with 90% 
confidence limits 

2 9 , 7 +- 4 0 , 6 ➔ 51 , 5 (ns) 
0, 6 t- 5, 8-+ 11 , 0 (ns) 
5, 9 ... 13, 5 ➔ 21 , 1 (ace) 

0* 
1 , 9* 
2,6* 
1,3* 
2,6* 
3,9* 
1,9* 
0,6* 
0,6* 
1 , 9* 
0* 

1 ,9* 
0,6* 

1 , 0 ._ 6, 5 ➔ 12, 0 (ns) 
6, 1 f-13, 8 _. 21 , 5 (ns) 

100 

Expected 
percentage 
utilized 

34,9 
4,6 
3,0 
2,-1 
2, 1 
3,4 
1, 9 
6,3 
4,7 
1 ,9 
3,2 
1 ,9 
1 ,3 
3,0 
6,0 
6,2 
2,2 

11 ,3 

100 

~ 

~ 

°' 



D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2021 

TABLE 24c 11-IE WET SEASON: DECEMBER TO APRIL 

Recording Observed Expected 
sessions number number 

Species utilized utilized 
No = % (0) (E) 

Acacia nigrcscens 16 33 44, 1 
Combretum apiculatum 17 19 20,7 
Combreturn hereroense 3 4 2,6 
Securinega virosa 7 7 4,6 
Ziziphus mucronata 7 8 2,4 
Dichrostachys cinerea 7 9 4,6 
Maytenus heterophylla 7 7 4,7 
Dalbergia melanoxylon 3 3 7,7 
Acacia gerrardii 2 3 3,4 
Ehretia amoena 5 5 1, 4 
Acacia tortilis 0 0 3,0 
Cissus lonicerifolia 3 3 5,4 
Dombeya rotundifolia 1 1 1 ,0 
Pterocarpus rotundifolius 1 1 1, 0 
Euclea clivinorum 0 0 3,3 
Grewia monticola 2 2 4,6 
Lonchocarpus capassa 2 2 1, 2 
Other species - 24 15,2 

Totals 100 
131 131 "sessions) 

Chi-square = 50,2 df = 17 P< 0,001 
* Sample size too small to calculate confidence limits 
(ns) Not significant 

,Observed percentage 
(O-E) 2 utilized with 90% 

E confidence limits 

2,8 14,7t-25,2 ➔ 35,7 (ns) 
0, 1 6,0+-14,5-30,0 (ns) 
0,8 3,1* 
1 ,3 0 +- 5 , 3 4 1 0 , 7 (ns) 

13, 1 0, 3 .- 6, 1--. 11 , 9 (ns) 
4,2 0, 8 ~ 6, 9-> 13, 0 (ns) 
1 , 1 0 ~ 5,3➔ 10,7 (ns) 
2,9 2,3* 
0, 1 2,3* 
9,3 3,8* 
3,0 O* 
1 , 1 2,3* 
0 0,8* 
0 0,8* 

3,3 0* 
1, 5 1 , 5* 
0,5 1, 5* 
5, 1 · 8, 9 ..-1 8, 3 ➔ 2 7, 7 (ns) 

50,2 100 

Expected 
percentage 
utilized 

33,7 
15,8 
2,0 
3,5 
1 ,8 
3,5 
3,6 
5,9 
2,6 
1 , 1 
2,3 
4, 1 
0,8 
0,8 
2,5 
3,5 
0,9 

11 ,6 

100 

_.... 
_.... 
--....J 
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TAilLE 24d THE DRY SEASON OF 1977: MA.Y TO AUGUST 

Recording Observed Expected 
sessions mnnber number 

Species utilized utilized 
No % (0) (E) 

Acacia nigrescens 31 24 51 58,2 
Cornbretum apiculaturn 27 21 43 17 ,0 
Cornbretum hereroense 11 9 15 5, 1 
Securinega virosa 2 2 2 4,5 
Ziziphus mucronata 7 6 7 4,7 
Dichrostachys cinerea 14 11 14 9, 1 
Maytenus hetcrophylla 2 2 2 3,8 
Dalbergia rnelanoxylon 1 1 1 12, 1 
Acacia gerrardii 7 6 8 7,4 
Ehrctia amoena 6 5 7 3,2 
Acacia tortilis 7 6 8 S, 1 
Cissus lonicerifolia 0 0 0 4,3 
Domheya rotundifolia 1 1 1 4,0 
Pterocarpus rottu1difolius 2 2 2 5, 1 
Euclea divinorum 3 2 4 6,0 
Grewia rnonticola 0 0 0 6,4 
Lonchocarpus capassa 1 1 1 3,6 
Other species - 23 26,3 

Totals 127 189 189 

Chi-quare = 98 ,4 df = 17 P< 0 ,001 
*Sample size too small to calculate confidence intervals 

(ace) Significant acceptance 

(ns) Not significant 

(0-E) 2 Observed percentage 

E utilized with 9u% 
confidence limits 

0,9 18,1+-27,0 ➔ 35,9 (ns) 
39,8 14,3+-22,8~31,3 (ace) 
19,2 2 , 5 4-- 7 , 9 ~ 1 3 , 3 ( ns) 
1 ,4 1 , I* 
1 , 1 0 t-- 3,7~ 7,4 (ns) 
2,6 2 , 1 ~ 7 , 4 ~ 1 2 , 7 (ns) 
0,9 1 , 1 * 

10,2 0,5* 
0 0 , 2 ~ 4 , 2 -. 8 , 2 (ns) 

4,5 0 ~ 3, 7--> 7 ,4 (ns) 
0 0, 2 ._ 4, 2 ~ 8, 2 (ns) 

4,3 o* 
2,3 0 ,5* 
1 ,g 1 , 1 * 
0,7 2,1* 
6,4 0* 
1, 9 0 ,5* 
0,4 S,6.._12,2--.18,8 (ns) 

98,4 

Expected 
percentage. 
utilized 

30,8 
9,0 
2,7 
2,4 
2,5 
4 (J ,0 

2,0 
6,4 
3,9 
1 , 7 
4,3 
2,3 
2, 1 
2,7 
3,2 
3,4 
1 , 9 

13 ,9 

100 

~ 

~ 

00 
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z statistic, are shown in Table 24 a-d. Observed percent2ges 

diffdr significantly (P < 0,10) from the expected percentages if 

the latter lie outside the confidence limits. 

Some difficulties arise in applying these tests to the data given 

in Table 24 a-d which must be discussed before the results are 

presented. Firstly the test statistic is a normal approximation 

of a variable which follows the binomial distribution. There= 

fore if the percentage utilization of a species is close to zero 

or one the sample size should be larger to maintain a good approxi= 

mation. For many of the less frequently utilized species the 

sample size is inadequate so no interval estimates could be made 

for them. Another limitation is that the tests assume that each 

utilized plant is independent of every other. In fact many spe= 

cies tend to grow in groups so that the plants utilized within 

recording sessions would not be independent. This could affect 

results, for example it could happen that the set of recordings 

from one season included one session in which kudus fed on a 

large number of individuals of a certain species growing in a 

clump. The sample from another season may not have included any 

of:this species simply because the sampled animals did not happen 

to encounter such a (:lump. Considering only the number of 

utilizPd plants could give a false impression. To guard against 

this the numbers of sessions in which each species was utilized 

are included in Table 24, and these have to be considered in 

addition to the test results in interpreting the data. Further= 

more the tests are also strictly appropriate only when k (the 

number of estimates) is small (Neu~ al; 1974), whereas in this 

case it is large (18). The tests are nevertheless presented 

because they provide some guidelines to interpreting the data. 

In the dry season of 1976 Combretum hereroense, Maytenus hetero= 

ohylla and Ehretia amoena were accepted significantly more fre= 

quently than would be expected from their abundance. (For these 

species the expected percentages utilized are lower than the 90 

per cent confident intervals for the observed percentages utilized, 

see Table 24a). The category 'other species' was also accepted 
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more freq~ently than expected. Acacia nigrescens and Dalbergia 

melanoxylcn were fed on significantly less frequently than would 

be expected from their availability (their expected percentages 

are greater than the 90 per cent confidence limits, Table 24a). 

For the remaining species the observed percentages either do not 

differ significantly from the expected or the sample sizes are 

too small to d~cide. 

In the pre-rain flush Combretum hereroense was accepted signifi= 

cantly more frequently than expected. No species were signifi= 

cantly rejected, although in most cases the sample sizes were 
inadequate. 

In the wet season the chi-square value is significant (Table 22c), 

showing that observed and expected numbers differ significantly 

over the whole set of species. However differences cannot be 

declared significant for any specific species. For the species 

Ziziphus mucronata, Dichrostachys cinerea and Ehretia amoen~, and 

for the 'other species' category, deviations of observed fr0m 

expected values are fairly high. A larger sample size may have 

rev~aled significant acceptance of these species. 

The frequency of utilization of the different woody species in 

the dry season of 1977 differed from that of 1976. In 1977 only 

Combretum apiculatum was significantly accepted and no species 

were significantly rejected. Differences between the two dry 

seasons are discussed below. 

Seasonal differences in the frequency of utilization of individual 

woody plants 

Seasonal changes in selection for individual woody species were 

assessed by comparing the observed number of a species fed on in 

each season with an expected number calculated assuming utiliza= 

tion to be proportional to avai labi li ty. The avai labi li ty of any 

particular species as experienced by the kudus varied between 
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seasons because of seasonal differences in the proportion of 

recording time spent in the various habitat subdivisions 

(Table 22). Also, the sample sizes (number and durations of 

recording sessions; Table 21) differed between seasons, and 

this could account for differences in the number of plants 

recorded as utilized. Therefore both sample size and avail= 

ability were considered in calculating the expected numbers of 

individual plants fed on in each season. 

Again the chi-square test was used to determine whether observed 

values differ significantly from the expected, and the Bonferroni 

z statistic to establish specifically for which seasons the dif= 

ferences are significant. The null hypothesis is that observed 

differences between seasons in the numbers of a woody species 

fed on is due only to seasonal differences in sample size and 

availability. The alternative hypothesis is that the degree of 

selection for any specific woody species varies between seasons. 

The result~ are summarized in Fig. 20. Only for seven species 

could seasonal differences in selection be analysed, for the 

remainder the expected values were too small to permit the chi­

squar0 test. 

Acacia nigrescens was selected significantly less frequently than 

expected in the 1976 dry season, and more than expected in the 

pre-rain flush. The confidence limits also allow comparison 

between seasons. The frequency of utilization of Acacia 

nigrescens was significantly lower in the dry season of 1976 than 

in that of 1977 (the confidence interval for 1976 does not over= 

lap with that of 1977, Fig. 20). 

Combretum apiculatum was fed on less frequently than expected in 

the wet seas on and more than expected in the 19 7 7 dry seas on. 

Here too the differences between the two dry seasons was signifi= 

cant, with 1976 lower than 1977. 

For Combretum hereoense overall differences between seasons are 

significant. The frequency of utilization appears lower than 

expected in the wet seaso~ bu~ a confidence interval could not 
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be calculated because the sample size was insufficient for the 

normal approximation of the binomial distribution. The £re= 

quency of utilization was higher in the 1976 dry season than in 

1977 but the difference is not significant. 

For Maytenus heterophylla there is a marked difference between 

the two dry seasons in frequency of utilization. In the dry 

season of 1977 the sample size was too small to construct a con.= 

fidence interval but a chi-square contingency test shows the 

difference between the two dry seasons to be significant 

(P < 0 , 0 1) • 

The frequency of utilization of Ehretia amoena was significantly 

higher than expected in the 1976 dry season. It appears lower 

than expected in the pre-rain flush but the sample size was 

inadequate to calculate a confidence interval. The difference 

between the two dry seasons is not significant. 

For Ziziphus mucronata and Dichrostachys cinerea observed percen= 

tages do not differ significantly from the expected, so apparently 

selectivity for these two species does not vary over the seasons, 

at least in terms of frequency of utilization. 

As not~d, it is desirable to examine the percentage of recording 

sessions iu which a species was utilized,in addition to the number 

of individual plants fed o~. However percentages of sessions 

(Table 24 a-d) shows essentially the same features discussed 

above. 

Mean duration of feeding on individual plants in relation to the 

weight of leaves available 

The ratio of feeding time to mean weight of leaves available on an 

individual plant (expressed as seconds spent feeding per plant per 

gram of leaves available) is compared between woody species in 

Table 25. Sample sizes (the number of plants fed on) were suffi= 

cient to consider only the raost frequently utilized species. 
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TABLE 25 ~IBAN TIME (SECONDS) SPENT FEEDING ON INDIVIDCAL PLANTS PER GRAM OF LEAVES AVAILABLE. 
SAMPLE SIZES (NUMBER OF PLANTS) ARE GIVEN IN PARENTHESES 

Species 

Acacia nigrescens 

Combretum apiculatum 

Combreturn hereroense 

Securinega virosa 

Ziziphus mucronata 

Dichrostachys cinerea 

:Maytenus heterophylla 

Ehretia amoena 

Euclea divinorurn 

Cohnnn Means 

Dry Season 
1976 

0,69 
(n=17) 

1,58 
(n=17) 

0,46 
(n=26) 

0,34 
(n=3) 

0,96 
(n=4) 

0,47 
(n=13) 

0,84 
(n=14) 

0,58 
(n=15) 

0,07 
(n=7) 

0,62 

Pre-rain 
Flush 

2, 12 
(n=63) 

3,64 
(n=9) 

0,73 
(n=21) 

1,64 
(n=4) 

6,52 
(n=2) 

2,23 
(n=3) 

0,04 
(n=3) 

1,98 

Wet 
Season 

0,46 
(n=33) 

0,61 
(n=19) 

0,42 
(n=4) 

0,66 
(n=6) 

0,55 
(n=8) 

0,32 
(n=9) 

0,47 
(n=7) 

0,22 
(n=5) 

0,46 

Dry Season 
1977 

0,62 
(n=50) 

1 , 13 
(n=43) 

0,48 
(n=15) 

0, 18 
(n=2) 

0,56 
(n=7) 

0,68 
(n=14) 

1 , 38 
(n=2) 

0,58 
(n=7) 

0,01 
(n=4) 

0,57 

Note: 1be means presented are antilogs of means of log transformed data (see text) 

Row 
Means 

0,88 

1,53 

0,52 

0,38 

0,68 

0, 71 

1,62 

0, 77 

0,04 
....... 
N 
~ 
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Since the ratios were transformed to logarithms (see Methods) 

the means given in Table 25 are antilogs of means calculated in 

the logarithmic scale (geometric means, Sokal and Rohlf 1969) 

and are slightly lower than means in the normal scale. 

The mean ratios of feeding time to weight of leaves available 

varied between seasons. For most species values were highest 

in the pre-rain flush, intermediate in the dry seasons and lowest 

in the wet season (see column means Table 25). Despite the fact 

that leaf abundance was lowest during the pre-rain flush the mean 

feeding time spent on individual woody plants was the highest of 

the year. 

Differences between woody species in duration of feeding on 

individual plants 

Difference5 between woody species in seconds spent feeding on 

individual plants per gram of leaves available are discussed 

below for each of the four seasons. Only these species in 

Table 25 with a sample size of five or more were included in 

these analyses. 

The dry season of 1976 

For the seven species considered in the 1976 dry season (Table 26a) 

variances remained significantly heterogeneous in spite of the 

trans f orma ti on to logarithms. Both the variance and the me an of 

Euclea divinorum are much lower than those of the other species, 

and if Euclea is excluded the remaining variances are not signi= 

ficantly heterogeneous. Since conclusions about Euclea are obvious 

the Newman-Keuls te~t was carried out on the remaining species. 

This showed the mean for Combretum apiculatum to be significantly 

higher than those of the other species. Remaining differences 

were not significant. 
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TABLE 26 DIFFERENCES BETWEEN SPECIES IN FEEDING -TIME (SECONDS) PER PLANT PER GRA.M np LEAVES AVAILABLE 
TESTED WIIBIN EAGI SEASON. MEANS FOLLOWED BY TI-IE SAME SUPERSCRIPT ARE NOT SIGNIFICAN1LY 

TABLE 26a 

Species 

Variance 

Mean 

DIFFERENT. FOR DETAILS OF STATISTICAL TESTS SEE TEXT. 

Note: The means are antilogs of means of log transfonned data (geon:etric means) 

DRY SEASON 1976 : MAY TO MID-SEPTEMBER 

Combretum Maytenus Acacia Ehretfa ___ Dichrostachys-- Cornbretum Euclea 
a:eiculatum hetero:ehylla __ nigrescens amoena cinerea hereroense divinorum 

0,081 0,025 0,047 0,025 0,018 0,026 0,003 

1,58a 0,84b 0,69b 0 58b 
' 

0 47b 
' 

0 46b , 0,07 

Comparisons among means using the Student-Newman-Keuls test ~ = 0,05. Euclea divinorum excluded because of 

obviously lower variance. 

TABLE 26b 

Species 

Variance 

Mean 

PRE-RAIN FLUSH MID-SEPTEMBER TO NOVEMBER 

Combretum 
aEiculatum 

0, 101 
3,64a 

Acacia 
nigrescens 

0, 121 
2, 12a 

Combretum 
hereroense 

0,038 
0 73b , 

Lonchocarpus 
ca£assa 

0,015 
0,36b 

Variances significantly heterogeneous. Paired comparisons between means made using the t test for samples 

with unequal variance ( CX = 0 ,005) 

~ 

N 
a. 
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TABLE 26.c . WET SEASON DECEMBER TO APRIL . . 

Species Securinega Combretum Zf£iphus Maytenus Acacia Dichrostachys Ehre~fia 
virosa a2iculatum mucronata hetero12hrlla nigrescens cinerea amoena 

V.ar_iance 0,047 0,034 0,029 0,035 0,018 0,012 0,004 

Mean 0 66a 
' 

0 61a 
' 

o ssa 
' 

0 47a 
' 

0,46a 0 32a , 0 22a 
' 

Analysis of variance shows no significant differences between species. 

TABLE 26d . DRY SEASON 1977 MAY TO AUGUST . . 

Species t:-C,mbretum Dichrostachys Acacia Ehretia Ziziphus Combrrifum ~- -Acac1.a 
a:eiculatum cinerea nigrescens amoena mucronata hereroense gerrardii 

Variance 0,040 0,029 0,023 0,049 0,019 0,018 0,013 
Mean 1 13a 

' 
0 68ab 
' 

0 62ab 
' 

0 58ab 
' 

0 56ab 
' 

0,48b 0 32b 
' 

Comparisons among means using S-tudent-Newman-Keuls test a-= 0 ,OS. 

-N 
'-l 
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The pre-rain flush 

Here sample sizes from only four species were sufficient 

(Table 26b). The variances of these four species were signifi= 

cantly heterogeneous, Combretum hereroense and Lonchocarpus 

capassa having a lower variance than Acacia nigrescens and 

Combretum apiculaturn. This probably reflects the marked di£= 

ferences between them in phenology during the flush period. 

Combretum hereroense did not lose its leaves to the same extent 

as Acacia nigrescens or C. apiculaturn and there was considerably 

less variation between individuals in phenology (see Fig. 14). 

This could account for the lower variability between individuals 

in feeding time per gram on Combretum hereroense. 

Because of this, alternative tests were used to compare the four 

means. The approximate test of equality of means when the 

variances are heterogeneous (Sokal and Rohlf 1969) was used to 

test whether the four means are from the same populatjon. The 

null hypothesis of equality of means was rejected at P < 0,005 

(F = 16,6 df = 3, 26). Paired comparisons were made using the t 
s 

test for two samples whose variances are assumed to be unequal 

(Sokal and Rohlf 1969). This showed that both Acacia nigrescens 

and Combretum apiculatum were significantly higher in i11ean 

feeding time per gram of leaves available than both CombreLum 

hereroense and Lonchocarpus capassa (Table 26b). These paired 

comparisons involved six separate tests, so that there was a 

higher risk of wrongly rejecting the null hypotheses. However 

the differences noted above are all highly significant 

(P < 0 ,005). 

The wet season 

For the seven species analysed in the wet season (Table 26c) the 

overall F test showed no significant differences between the 

me ans ( F = 0 , 7 0 d f = 6 , 8 0) . 
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The dry season of 1977 

Variances were not significantly heterogeneous and so the 

Newman-Keuls test was applied. Mean feeding time per gram of 

leaves available on Combretum apiculatum is significantly higher 

than on Cornbretum hereroense and Acacia gerrardii. Remaining 

differences between species are not significant (Table 26d). 

For two of the species considered in these analyses, Lonchocarpus 

capassa in the pre-rain flush and Acacia gerrardii in the 1977 

dry season, the estimates of leaf densities were based on only 

one mo~th's frame samples (see Chapter 1). Estimated leaf weight 

per plant could therefore be inaccurate, so the above conclu= 

sions for these two species are tentative. 

Utilization of the less common woody species 

Table 27 shows the relative frequency of utilization and m6an 

time spent feeding p~r individual plant for the woody species 

that occurred at densities of less than 15 per ha. An indica= . 
tion of the availability of each species is given by its relative 

density. Because of the smaller numbers of the less common 

species contacted in the belt transects estimates of canopy 

volume per plant are unreliable, and so these are not presented. 

Two of the rare species that were highly favoured were Grewia 

flavescens and Spirostachys africana. 

DISCUSSION 

Some of the assumptions made in applying the statistical tests 

above were unrealistic. As discussed under Methods the chi­

square test requires that observations be independent; and the 

confidence limits calculated using the Bonferroni z statistic 
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TABLE 27 FREQUENC'f OF UTILIZATION (PER CENT) AND MEAN TIME (SECOND5) SPENT FEEDING 

PER PLANT FOR THE LESS COMMON WOODY SPECIES, COMPARED WITH RELATIVE DENSITY 

(PER CENT OF INDIVIDUAL PLANTS AVAILABLE) 

A FREQUENCY OF UTILIZATION 

B FEEDING SECONDS PEk PLANT 

P~r cent of 
i~dividuals 

Species Dry Season 1976 Pre-rain Flush Wet Season Dry Season 1977 available 

A B A B A B A B 

Conmiphora mollis 0 0 0 0 0,92 

Macrua parvifolia o.6 8 0 0 0,5 287 1,68 

Cassia abbreviata 0 0 0,8 48 0 0,23 

Diospyros mespilifonnes 1 , 1 31 0 0 0 0,46 

Grewia flavescens 0,6 192 0,6 432 1 ,5 342 1,6 59 0, 15 

Grewia hexamita 0 1,9 41 0 0 0,76 

Grewia bicolor 0,6 9 0 0 0 0,08 

Lannea stuhlmannii 0 0,6 30 1,5 23 0,5 358 0,61 

Ac~cia nilotica 3,4 27 0 0 0,5 4 0,38 

Combretum mossambicense 0 0 3,8 58 1 , 1 95 2,29 

Spirostachys africana 1,7 240 0 0 1,6 147 0,38 

COIIllliphora africana 0 0 1 , 5 175 0 0,38 

ltmdulea sericea 0,6 69 0 0 2, 1 30 0,38 

Peltophorum africanum 0 1,3 139 2,3 35 0 1,22 

Sclerocacya caffra 0,6 325 2,6 131 0 0 1 ,37 

Bridelia micrantha 0 0 0,8 156 0 0,08 

Phyllanthus reticulatus 0 0 0,8 44 0 0,99 

Acacia senegal 1 , 1 74 3,2 71 0 0 0,08 

Altizia harveyi 0 0 0,8 16 0 0,46 

Ficus ingt;:;ns 0 0 0 0 0,08 

Schotia brachypetala 1 , 7 30 0,6 112 0 0 0, 15 

Strychnos madaga~cariensis 0 0 0 0,5 380 0,46 

EhP'tia rigida 0 0 0 0 0,69 

Acacia caff ra 0,6 31 0,6 24 0,8 40 0,5 11 2 0,23 

Acacia exuvialis 0 0 0 0 0,46 

Acacia erubescens 0 0 0,8 170 0 0, 15 

Comhretum imberbe 2,3 44 0 0 0,5 20 0,53 

Ximcnia caff ra 0,6 12 0 0 0 0, 15 

Balanites maughami 0,6 91 0 0 0,5 151 0,23 

Tenninalia phanerophlebia 0 0 0 0,5 46 0, 15 

Oimocarpum trichocarpum 0,6 27 0 0 0 0,08 

Ximcn ia americana 0 0 0 0,5 12 0,31 

Berchcmia zeyheri 2,3 39 0,6 33 0 0,5 17 

Galpinia transvaalica 0,6 31 0 0 0 

Manilkara mochisia 0,6 15 0 C 0 * 
Gar<lenia spatulifolia 0,6 11 0 0 0,5 8 * 

Acacia spp. 1, 7 6 0 0 0,5 45 

Ozoroa engleri 0 0,6 79 0 0 

Pappea capcnsis 0 0 1 ,5 48 0 
t.lcphantorrtp.:a b...irJ.i.ci 0 0 0,8 17 0 

•Density unknown (species not contacted in the belt transects). 
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requires that the number of food types be small (Neu et al 

1974). Neither of these requirements were met, and the conse= 

quences of these shortcomings are difficult to assess. The 

tests also did not consider sampling errors made in estimating 

the availability of different food types. Another possibly 

weak assumption, frequently made in interpreting selectivity 

ratings, is that the ratings indicate preference or avoidance; 

a value of more than one showing prefe~ence, less than one 

showing avoidance (see Petrides 1975). The method of Neu et al. 

(1974) applied to the data of Table 24 and Fig. 20, makes the 

assumption that food types can be regarded as favoured or avoided 

depending on whether the observed frequency of utilization 

di ff er s s i gn i f i cant 1 y from the exp e ct e d . This approach has been 

criticized by Johnson (1980) on the grounds that conclusions 

about whether a food type is used above, in proportion to, or 

below its availability depends on the array of food types which 

the investigator, often arbitrarily, deems available ~o the 

animal. He stresses that selectivity measures can be used to 

develop rankings in order of relative acceptability, but should 

not be used to make absolute statements about preference and 

avoidance. 

However alternative methods of testing the significance of dif= 

ferences among food types in acceptability could not be uscJ in 

the present study. Johnson's (1980) approach employs measures of 

food acceptance and availability for individual animals as the 

unit of observation, which is not feasible for the kudu foraging 

data. Hobbs and Bowden's (1982) method of calculating confidence 

limits on selectivity ratings requires replicated estimates of 

diet composition which is also not possible for the kudu data. 

Thus for the kudus the reliability of the measures of selectivity 

depend on the estimates of food availability. The latter in turn, 

depend on the assumptions made in Chapter 1 as to what constitutes 

potential food, and are also subject to sampling err0r. Errors in 

the estimates of the re la ti ve numbers of woody plan ts a vai lab le 

are likely to be greater for species with a clumped distribution 

like Euclea divinorum and Combretum hereroense. 
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Nevertheless there can be no doubt that the kudus discriminated 

between woody species, both in choosing individual plants on 

which to feed and in the amount of feeding time spent on indi= 

vidual plants. The above analyses support the idea that seasonal 

changes in diet composition cannot be explained only in terms of 

changing food availabilities, and that preference among species 

varies with season. There was also evidence of considerable 

between year differences, Acacia nigrescens and Combretum 

apiculatum were both selected more frequently in the dry season 

of 1977 than that of 1976. 

FACTORS AFFECTING FOOD SELECTION 

The remainder of this chapter examines some hypotheses that may 

account for the observed seascaal and between plant species 

variations in the selectivity ratings. The first of these ~s 

that the kudus tend to favour food types with a high nutritional 

value. This hypothesis would predict a positive correlation 

between the selectivity ratings of the various food types and 

their leaf nutrient contents. 

Relationships between the selectivity ratings and leaf nutrient 

contents are examined in Fig. 21 a-c. The values for protein, 

phosphorus and water contents given in Fig. 21 are the means of 

the monthly values within each season. The values for protein 

and phosphorus cover all four seasons, but no analyses for water 

contents were done in the dry season of 1976 and the pre-rain 

flush. Kendall rank correlation coefficients were calculated 

relating the selectivity ratings to the content of each nutrient. 

The correlation coefficients and the probabilities associated 

with each value of the coefficients are shown in Fig. 21 a-c. 

For the wet season the resul~s are as predicted; protein, 

phosphorus and water contents all show significant positive corre= 

lations with the selectivity ratings (P < 0,01 for protein and 

phosphorus, P < 0,05 for water). However for the remaining seasons 
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there are no significant positive correlations between the selec= 

tivity ratings and protein, phosphorus or water contents. 

Few plant species were analysed for calcium content and so car= 

relation coefficients relating calcium content to the selecti= 

vity ratings were not calculated. However comparison of 

Tables 19 and 23 shows no relationship between leaf calcium 

contents and the selectivity ratings. 

The significant relationships between the protein, phosphorus 

and water contents and the selectivity ratings in the wet season 

is consistent with the idea that the kudus tend to select plants 

with a high nutritional value. But the absence of the expected 

correlations at other times of the year shows that differences 

among food types in nutrient content are inadequate to explain 

the observed differences in acceptance. Clearly selection is 

also influenced by other factors. 

An important consideration is the defences evolved by plants to 

deter herbivory. Two types of defences can be recognized: 

structural or morphological defences, for example thorns and 

spines, and chemical deterrents (Rosenthal and Janzen 1979). 

Chemic~l defences can be divided into two categories (Cates and 

Rhoades 1977): 

( i) ~.iges tibi li ty reducing compounds which act to inhibit 

digestion, so reducing the value of the forage to the 

herbivore 

(ii) toxic substances which directly affect the herbivore 

or its symbiotic micro-organisms. 

Chemical deterrents are potentially important in determining food 

selectjon by kudus, but lack of information on either the concen= 

trations of chemical deterrents in food plants, or the effect 

these have on the animals prevents the question from being 

considered further. Possible effects of structural defences are 

evaluated below, but before considering these the known effects 

of plant structure on food intake rate by herbivores are discussed. 
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Thorns or spines do not prevent feeding by large herbivores but 

reduce the rate at which leaves and shoot ends can be eaten. The 

food value of a plant is thus better represented by the rate at 

which the herbivore can ingest nutrients rather than the actual 

concentration· of nutrients in the foliage (owen-Smith and 

Novellie 1982). The rate of nutrient intake is a function of the 

nutrient concentration in the food and the eating rate (the 

weight of food eaten per unit of feediag time). Eating rate in 

turn depends on the average bite size and the rate of bites. 

Studies which have measured eating rates for large herbivores 

indicate that this can be influenced by a number of plant charac= 

teristics, e.g. thorns, abundance and density of foliage, leaf 

size, and toughness of leaves and shoots (Theron and Booysen 

1966, Chacon, Stobbs and Dale 1978, Dunham 1980, Trudell and 

White 1981). Dunham (1980) measured the bite rates, bite sizes 

and food intake rates of a tame impala feeding on 10 African 

browse species, and showed quantitatively that the thorns of 

an Acacia ~pecies reduced eating rate. Eating rates varied 

between plant species from 7,48 g dry weight per minute for the 

most rapidly ingestable foliage to 0,91 g per minute for the 

slowest. Mean bite size was positively correlated with mean 

leaf weight. Trudell and White (1981) examined relaticnships 

between forage structure and food intake rate of reindeer. They 

also found that plant species differed in the rate at which their 

foliage could be ingested. Food intake rate increased with 

standing crop for all plants except £orbs, which could be eaten 

rapidly even when scarce. Chacon, Stobbs and Dale (1978) 

measured the effect of pasture characteristics on the bite sizes 

of cattle. They concluded that cattle grazing low-yielding short 

swards were forced to take small bites and this depressed dry 

matter intake. Theron and Booysen (1966) found that the force 

required to remove mouthfuls from grass plants was the most 

important factor influencing food selection by sheep. This may 

be because intake rate was lower for the tougher plants. 

It thus seems likely that the rate at which kudus could harvest 

leaves would vary between species depending on thorns, leaf den= 

sity, leaf size and toughness. Intake rate can also be expected 
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to vary between seasons for a number of reasons. The density of 

leaves within woody plant canopies decline with advancing leaf 

fall and this would cause an increase in the average interval 

between bites in the dry season. New shoots present in spring 

may allow larger average bite sizes because a larger proportion 

of shoot could be included with each bite of leaves. Thorns 

present on new growth are soft and likely to be less effective 

than mature thorns. Tough-leaved species tend to have soft new 

leaves in spring. Eating rates are therefore likely to be 

higher when new growth is abundant than during the dry season. 

Eating rates could not be measured in this study but the fora= 

ging behaviour and food selection of kudus can be compared 

between the armed and unarmed woody species to assess possible 

effects of structural defences. Leaf, twig and thorn structures 

of some commonly utilized woody species are shown in Fig. 22. 

Differences between food plants in the proportion of feeding 

time spent chewing 

It was possible to record differences between food types in the 

proportion of feeding time spent by the kudus standing with their 

heads raised chewing. This refers specifically to the time spent 

standing and chewing, not to total chewing time because the kudus 

sometimes chewed between bites without raising their heads from 

the vegetation. This could not he recorded because the kudu's 

mouth ~as usually obscured. There is reason to expect that the 

proportion of feeding time spent standing and chewing would 

reflect structural differences between food species. A kudu 

feeding on a species which offered small average bite sizes and 

a low rate of bites would not spend as long standing and chewing 

as one feeding on a species which allowed a faster gathering 

rate. Time spent chewing would also depend on leaf texture, as 

hard leaves would require more chewing. 
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TABLE 28 THE PERCENTAGE OF FEEDING TI.ME SPENT STANDING AND Q-IEWING COMPARED BE1WEEN IBE C~10N 
WOODY SPECIES AND PLANTS IN TI-IE HERB LAYER 

Species Dry Season Pre-rain Flush Wet Season Dry Season Species 
1976 1977 Means 

Acacia nigrescens 6 6 13 7 8 
Combretum apiculattrrn 18 9 29 21 19 
Combrettrrn hereroense 8 11 25 22 17 

*Securinega virosa 4 - 19 4 9 
Ziziphus mucronata 6 5 6 6 6 
Dichrostachys cinerea 6 2 12 8 7 
~Iaytenus heterophylla 12 12 13 8 11 

*Dalbergia melanoxylon 6 1 10 6 6 
*Acacia gerrardii 3 3 17 3 7 
Ehretia amoena 24 7 33 12 19 
Lonchocarpus capassa - 15 - - 15 
Euclea divinorum 12 15 - 26 18 
Herb.layer 21 23 27 17 22 

Seasonal means 10,S 9, 1 18,5 11 , 7 

*Sample sizes insufficient in one or both cry seasons so data from both dry seasons are pooled. ~ 

.i:::,. 
0 
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Table 28 shows that the mean chewing time is highest for plants 

in the herb layer, followed by Combretum apiculatum, Ehretia 

amoena, Euclea divinorum, Combretum hereroense and Lonchocarpus 

capassa in that order. These species are all unarmed and all 

have simple leaves. The other woody plants shown in Table 28 are 

all armed, and for them the means are considerably lower. 

Chewing time is thus higher for those species which one would ex= 

pect could be more rapidly harvested. The large simple leaves of 

some of the u~armed species (Combretum apiculatum, Ehretia amoena, 

Lonchocarpus capassa) would probably require more time to chew than 

the smaller compound leaves of some of the armed species. It seems 

likely, however, that the gains in terms of higher gathering rate 

offered by the unarmed species would outweigh the cost in ~erms of 

extra time required to chew them. The amount of food swallowed 

per unit feeding time would then be higher for the unarmed species. 

Differences between seasons in the overall average per cent of 

feeding time spent standing and chewing are also shown in Table 28. 

Chewing time is considerably higher in the wet season than at other 

times. The wet season is the time of maximum leaf biomass, so that 

bite size and rate cf bites wculd be highest and this could account 

for the high chewing time. However, there are other factors which 

could influence chewing time besides the structure of food plants. 

Time spent standing and chewihg could reflect the need to maintain 

vigilance against predators, or tc take brief pauses to rest during 

foraging. The kudus maintained foraging efficiency in the dry sea= 

son partly by reducing the proportion of foraging time spent stan= 

ding alert and on other miscellaneous activities (see Chapter 3). 

This could be another factor accounting for the difference between 

seasons in chewing time. 

Average protein content compared between armed and unarmed 

woody species 

Because of the effect of the thorns one would expect the kudus to 

favour unarmed species over armed ones, given no difference in 

nutrient content. However of the plant species analysed in this 

study most of those with thorns or spines had higher protein contents 

tl1an the unarmed species. This suggests that the species which are 



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

142 

most likely to suffer herbivory have envolved morphological 

defences. The number of woody species considered in this study 

is too small to draw general conclusions but Sauer (1977) ana= 

lysed the crude protein content of the leaves of a large number 

of Transvaal trees. If the results of Sauer 's study arc combined 

with this one, then the mean crude protein content of 16 armed 

species is 16,5 per cent, compared with the mean of 11 ,3 per cent 

for 26 unarmed species. (The values for each species were aver= 

aged over the whole seasonal cycle.) Thus (apart from some 

exceptions discussed below) the armed species offer high quali~y 

foliage, but probably allow only a slow eating rate. Unarmed 

species on the other hand generally have poorer quality foliage 

but this can be harvested more rapidly. 

Seasonal differences in acceptance of armed and unarmed woody 

species 

If the thorns on newly produced sh~ots are in fact less effective 

than mature, hardened thorns then the relative difference between 

armed and unarmed species in the rate of which kudus could 

harvest food would vary between seasons. The differe11ce would be 

least in the growing season and greatest in the dry season. 

Owen-Smith (1979) suggested this effect as a possible reason 

accounting for the fact that the unarmed Combretum apiculatum 

compri~ed a higher proportion of the kudus' diet than the armed 

Acacia nigrescens in the dry season but a lower proportion at 

other times of the year. 

The following hypothesis can thus be advanced: In the growing 

season structural defences have a lesser effect, and kudus tend 

to select the higher quality armed species in preference to the 

unarmed species. In the dry season the rate at which food can 

be harvested from the armed species declines more markedly than 

for unarmed species. The unarmed species, despite their lower 

nutritional value, thus allow a higher nutrient int8.ke rate per 

feeding time than the armed species. The kudus then select these 

in pr~ference to the armed species. 



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

143 

The diet composition and selectivity ratings are now examined 

to evaluate this. Fig. 23 shows the monthly proportions of 

feeding time spent by the kudus on armed and unarmed woody 

species. The proportions of feeding time spent on the most 

important species, Acacia nigrescens, Combretum apiculatum, 

and C. hereroense are also shown. The relative contribution of 

armed and unarmed species to the diet clearly varied seasonally, 

with the formeL more prominent in the growing seasons (October 1976 

to May 1977) and the latter increasing in importance in the dry 

seasons. 

This seasonal pattern is due in part to the seasonal change in 

the relative contribution of the two dominant woody species, 

A. nigrescens and Combretum apiculatum, to the kudus' diet. How= 

ever even if these two species and C. hereroense are excluded 

from the data the seasonal pattern remains; Fig. 23 shows that 

the ratio of "other armed species" (i.e. excluding A. nigrescens) 

to "other unarmed species" (i.e. excluding C. apiculatum and 

C. hereroense) is consistently high over the wet period fro~n 

November to March, b~t is generally lower over the remainder of 

the year. 

It remains to compare these variations in diet with variations in 

availability. Fig. 24 comp~res seasonal changes in the relative 

contributions of armed and unarmed species to the kudus' diet with 

seasonal changes in the relative availability of leaves of armed 

and unarmed species. The relative availability of armed species 

changed over the seasons, from highest in the wet season to lowest 

in the pre-rain flush. This was largely because the common unarmed 

Euclea divinorum is evergreen,and therefore made up a relatively 

greater proportion of available leaves in the pre-rain flush when 

many deciduous plants were bare (see Chapter 1). Fig.24 shows 

that seasonal changes in the proportion of feeding time spent on 

armed as opposed to unarmed species do not correspond to seasonal 

changes in relative availability. Selectivity ratings for armed 

species (calculated as the ratio of per cent in the diet to per 

cent available, from the values in Fig. 24) ·are highest in the 

pre-rain flush (2,4), interme~iate in the wet season (1 ,3) and 

lowest in the dry seasons (1 ,1). These changes in the selectivity 

ratings cannot be ascribed to variation in relative nutritional 
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value, the leaf protein contents of armed species remained 

about 1 ,4 times that of unarmed species in all seasons (Fig. 24). 

The fact that armed species are most favoured in relation to 

their availability in the pre-rain flush when most new growth 

appears, and least favoured in the dry seasons, supports the 

above hypothesis. 

Seasonal variations in acceptance of individual woody species 

In Table 29 the common woody food plants of each season are listed 

according to their selectivity ratings, from highest to lowest. 

The unarmed species would be expected to appear relatively higher 

on the lists in the dry seasons than in the wet season or the 

pre-rain flush, whereas the reverse would be true of the armed 

species. 

The selectivity ratings of the armed species Acacia nigrescens, 

Securinega virosa, Dichrostachys cinerea and Ziziphus mucronata 

all ranked relatively low in the dry seasons thus conforming to 

the expected pattern. However the season of highest rank varied 

between these armed species. S. virosa and D. cinerea ranked 

lower in the pre-rain flush than they did in the wet season, 

whereas the reverse was true of A. nigrescens. Z. mucronata was 

ranked highest of all species in the wet season. The leaf den= 

sity of this species was not estimated in the pre-rain flush so 

no selectivity rating could be calculated, but Z. mucronata did 

not feature prominently in the kudus' diet in the pre-rain flush 

so it was probably also selected for more strongly in the wet 

season than the pre-rain flush. This difference between 

A. nigrescens and the other armed species is probably related 

to the difference between them in the timing of leaf production 

(Chapter 1). A. nigrescens flushed early so the most favourable 

period for browsing by kudus would have been the pre-rain flush. 

The other three species flushed late, few new leaves were available 
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TABLE 29 

Rank according to 

IBE CQ\MONLY UTILIZED WOODY PLANT SPECIES LISTED IN EACH SEASON 
IN ORDER OF SELECTI1ITY RATING FROM HIGHEST TO LOWEST 

selectivity rating Dry Season 1976 Pre-rain Flush Wet Season 

1 E. amoena *M. heterophylla *Z. mucronata 

2 C. hereroense C. apiculatum * S. virosa 

3 *M. heterophylla C. hereroense *D. cinerea 

4 C. apiculatum *A. nir,rescens E. amoena 

5 *Z. mucronata *D. melanoxylon C. apiculatum_ 

6 *D. cinerea .E. amoena *M. heterophylla 

7 *A. nigrescens *D. cinerea *A. nigrescens 

8 *S. virosa L. capassa C. hereroense 

9 ·E. di vinorwn E. divinorum E. divinorum 

10 ,cs . virosa 

X Armed species 

Dry Season 1977 

C. apiculatwn 

C. hereroense 

E. runoena 

*n. cinerea 

*z. mucronata 

*A. nigrescens 

*M. i1eterophylla 

.. s. virosa 

E. divinorum 

--" 
.,:::,. 
--....J 
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before November (Chapter 1), so the time when the leaves could 

be gathered most rapidly was probably the wet season. 

Feeding on S. virosa was frequent in the wet season, but the 

selectivity ratings for this species were low in other seasons. 

Unlike any other woody species examined, the ratio of feeding 

time spent to weight of leaves available per individual plant 

for S. virosa was higher in the wet season than at other times 

of the year (Table 25). By comparison Z. mucronata and 

D. cinerea were fed on fairly frequently in the dry seasons. A 

possible explanation of this is that both the latter species 

retained leaves to a greater extent than S. virosa over the dry 

season (Fig. 14). The seasonal trend in browsing on S. virosa 

seems very consistent from year to year. During the preliminary 

observations in the spring and wet season of 1975-76 feeding on 

S. virosa was seen only in mid-summer. Owen-Smith (1979) reported 

that it comprised a high proportion of the kudus' diet in the wet 

season of 1975. 

One armed species which did not follow the expected pattern was 

Maytenus heterophylla, which had a high selectivity rating in the 

dry season of 1976 (Table 29). Unlike most other armed species 

M. heterophylla did not have a high protein content, but its water 

content was the highest of all woody plants analysed. This may 
have accounted for its selection in the dry season. 

The unarmed species Comb return apiculatum, C. hereroensc, and 

Ehretia amoena all appear high on the lists in the dry seasons, 

again as would be expected (Table 29). The two Combretum species 

were also listed high in the pre-rain flush. For C. hereroense this 

would be expected, as it did not lose leaves to the same extent 

as other species in the dry season and tended to flush early. In 

the pre-rain flush it offered fair quality (14% protein) food when 

little else was available, and it was prominent in the diet at 

this time, not only in this study but also in that of Owen-Smith 

(1979). 

In contrast C. apiculatum made up only a small proportion of the 

pre-rain flush diet. Its high selectivity rating at this time was 
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due mainly to its low estimated availability. In spring the 

kudus appeared to spend most of their foraging time on the pedi= 

ment where the abundance of the early flushing A. nigrescens 

trees was highest. Consequently the proportion of recording 

time obtained on the hill slopes was low, and hence the estimated 

availability of C. apiculatum was low. However since utilization 

was high relative to avajlability the selectivity rating was 

high. As discussed in Chapter 1 the timing of the flush on 

C. api~ulatum varied be-tween areas, some groups of trees flushed 

as early as August, but in general most new growth appeared in 

November. This meant that high quality browse was available on 

C. apiculatum very early in the season but only in certain loca= 

lities. 

A conspicuous difference between the two Combretum species is that 
C. apiculatum comprised a much greater proportion of the diet 

than C. hereroense in the early dry season, whereas the reverse 

was true in the late dry season (see Fig. 23). This is probably 

a reflection of their different phenology, C. apiculatum lo3t 

leaves to a much greater extent over the late dry season 

(Fig. 14). 

Euclea divinorum was utilized only in the late dry seasons and 

to a small extent also in the pre-rain flush. At all times its 

overall rating was low compared to other species. This seasonal 

trend in utilization appears co~sistent from year to year as 

Owen-Smith (1979) noted that it was fed on only in the late dry 

season. Euclea is evergreen and unarmed and so probably offers 

a high ingestion rate, but its protein ~ontent is low. Its 

rejection in the wet season and weak acceptance in the dry season 

is thus consistent with the above hypothesis. 

An unarmed species which did not follow the predicted pattern was 

Lonchocarpus capassa. The leaf weight per unit canopy volume of 

this species was estimated only in the pre-rain flush so 

selectivity ratings could not be calculated for the other seasons. 

However Table 24 suggests that L. capassa was fed on more 

frequently than expected in the pre-rain flush and less than 
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expected in the dry seasons. For Lonchocarpus the sample sizes 

were too small to statistically test these results but the same 

seasonal pattern was observed during the preliminary observa= 

tions in 1975 and was reported also by Owen-Smith (1979) for 

1974-75. The mature leaves of this species are very hard, and 

the difficulty of chewing these probably restricts utilization 

in all seasons except spring when the soft new leaves appear. 

One would expect that hard-leaved species would have a high 

content of structural carbohydrates, and because of the general 

negative relationship between protein and structural carbohydrate, 

protein content should be low. However the protein content of a 

sample of mature Lonchocarpus leaves collected in the wet season 

(Table 16) was higher than that of many soft-leaved species. 

Less ·commonly browsed woody plan ts 

The following fairly common species all tended to be utilized less 

frequently than their availability would indicate. 

Acacia tortilis was fed on less frequently than expected in all 

seasons except the dry season of 1977 when its utilization was 

roughly proportional to availability. Time spent feeding per 

tree was low. The phenology of this species seemed to be erratic 

and out of phase with the other species and this probably 

explains its very high protein content in May 1976 (21%) and July 

1977 (20%). It has minute compound leaves and is armed with both 

straight and hooked thorns, so its structure is probably the main 

factor accounting for its rejection (see Dunham 1980). 

Cissus lonicerifolia and Grewia monticola are both unarmed with 

large leaves which should allow easy harvesting. Protein content 

of Cissus was not analysed but that of Grewia is comparable to 

the Combretum species (Table 16). The reason for its rejection 

throughout the year is obscure, but may be related to the 

pres~:-ice of chemical deterrents. Pterocarpus rotundifolius is 

similar to Lonchocarpus capassa in that it has large but ~ough 
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leaves and these are likely to be the reason for its lack of 
favour. Like Lonchocarpus its protein content is higher than 
many soft leaved-species (Table 16). 

There were two rare species which were fairly consistently 
favoured. Grewia flavescens was eaten in all seasons and time 
spent feeding per plant was almost always very high. It was 
utilized more frequently than the much T!lore common G. monticola. 
The two species have roughly the same protein content (Table 16), 
and their structure and leaf density are very similar. The 
leaves of G. flavescens are softer than those of G. monticola, 
but this does not seem sufficient to account for the great 
difference in selectivity between the two. 

Another highly favoured rare species was Spirostachys africana 
which accounted for high proportions of feeding times in the mid­
dry seasons of both 1976 and 1977. The distribution of this 
species was very clumped, and further data would be n~eded to 
confirm whether it does tend to be eaten particularly in the dry 
seasons. It has a relatively high protein content (Table 16). 

Some moderately widespread species which were not frequently 
recorded as being eaten are Commiphora mollis, Maerua farvifolia 
and Combretum mossambicense but these species are not easily 
visible above the herb layer and may be under-represented in 
the samples . 

Differences between years in diet composition 

Diet composition differed significantly between the dry season of 
1976 and that of 1977. Acacia nigrescens and Combretum apiculatum 
were both fed on significantly more frequently in 1977 than in 

1976, while :Maytenus heterophylla was browsed more frequently in 
1976. The leaf densities of A. nigrescens and particularly 
C. apiculatum were on average higher in 1977 than 1976, and this 
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may account for th~ difference in diet composition. However no 

measures of variation were made for the leaf density estim~tes 

of 1976 so the difference between years cannot be tested statis= 

tically. The leaf density of M. heterophylla was sampled too 

infrequently to draw conclusions about differences between the 
two dry seasons. 

Leaf abundance in the dry season probably depends on climatic 

conditions during the preceding wet season. In terms of total 

precipitation there was little difference between the wet season 

of 1975-76 and that of 1976-77, but the distribution of the rain 

over time was different. In 1976-77 there was a drought in mid-
summer during which growth was retarded (Chapter 1 ) . In 
February 19 7 7 most of the season's rain fell over a period of 

1 0 days (Fig. 2) • In the wet season of 1976 pre cipi ta tion was 

much more evenly distributed between months. However it is not 

clear how this difference in precipitation pattern could have 

accounted for the observed difference in diet composition. 

Comparison with related studies 

Most studies on kudu diet composition have shown that grass is 

normally eaten only at the beginning of the rainy season when it 

is immature (Wilson 1965, Conybeare 1975). This would be expected 

since the digestive system of kudus is not adapted to a diet of 

mature grass (Hofmann and Stewart 1972). In the present study 

kudus accepted new grass leaves growing after a fire when they 

had an everage protei~ content of 15 per cent but rejected them 

when the protein content declined to 13 per cent. 

Seasonal variations in the proportion of time spent by kudus 

feeding on plants in the herb layer differed between this study 

and that of Owen-Smith (1979). Means for the wet season were 

similar (65 per cent reported by Owen-Smith, 66 per cent in this 

study) but in the dry season the kudus spent 64 to 68 per cent of 

feeding time on plants in the herb layer in this study compared 
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with 55 per cent in 1974-75 (Owen-Smith 1979). The rainfall 

during Owen-Smith's study period (542 mm in 1974-75) was lower 

than during this study (651 mm in 1975-76, and 668 mm in 1976-77). 

Possibly this caused the difference in dry season diet composition; 

forb abundance in the dry season may depend on precipitation in 

the previous wet season, in which case £orbs would have been 

relatively scarcer in 1974-75. 

Conybeare (1975), Owen-Smith (1979) and this study all noted that 

the ratio of woody plants to other food types in the diet of 

kudus was highest in the early growing season. This would be 

expected because woody plants tend to start leaf production ear= 

lier than plants in the herb layer, and in the early growing 

season wculd offer browse which is both more abundant and of 

higher quality. 

The tendency to favour armed woody species in the growing season 

and unarmed ones in the dry season has also been observed in 

giraffe. Stephens (1975) reports that spine-bearing plants 

represented 90 per cent of bites taken by giraffe in the mid-wet 

season, but only 33 per cent in the late dry season. 

CONCLUSIONS : ALTERNATIVE HYPOTHESES EXPLAINING THE SEASONAL 

VARIATIONS IN FOOD SELECTION 

The observations discussed above support the hypothesis that imma= 

ture thorns on newly emerging shoots are less effective in 

deterring kudus than mature thorns. This effect provides an 

explanation for the observed seasonal relationships between leaf 

protein content and the selectivity ratings. Since most armed 

species had higher leaf protein contents than unarmed species 

through all seasons one expects a positive correlation between the 

selectivity ratings and protein content in the growing seasons, 

when armed species were favoured, but not in the dry seasons, 

when the unarmed species were favoured. The selectivity ratings 

were in fact correlated with leaf nutrient contents in the wet 

seasons but not during the pre-rain flush. The most important 
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factor determining acceptance during the pre-rain flush was 

apparently the timing and extent of leaf production; the 

early flushing woody species were favoured by the kudus. Some 
of the armed species with high protein contents (Securinega 

virosa_, Dichrostachys cinerea and Ziziphus mucronata) produced 

only few, sparsely distributed new leaves during the pre-rain 

flush, and this may have been the reason why they were not 

favoured. However the sample sizes for the pre-rain flush were 

smaller than for the other seasons and further observations 

would be required to determine the factors underlying acceptance 

at this time. 

Thus far the selectivity ratings have been interpreted entirely 

in terms of nutritional value (indicated by protein content) 

and eating rate as influenced by thorns. This ignores several 

important factors. Firstly protein content is not an absolutely 

reliable guide to nutritional value. As discu3sed previously 

(Methods, Chapter 1) the justifica~ion for assuming that protein 

content reflects nutritional value is that it is negatively 

correlated with the proportion of cell wall in the forage. The 

proportion of cell wall relative to cell sap is an important 

determinant of the digestion rate. However this represents a 
general tendency only and one cannot infer with certainty that 

because one species contains mpre crude protein than another it 
is necessarily lower in the relative proportion of cell wall 

(see for example Oldemeyer et al. 1977). The relative proportions 
of the different nutrients in the cell sap varies between species, 
and so a species high in protein may be low in some other nutrient. 
Protein content is not always closely correlated with energy 
availability (Barnes 1973, Bransby 1981). 

An important point is that large herbivores probably cannot select 

specifically for protein content. Characteristics such as 'crude 

protein', 'fibre' or 'energy' are not recognizable as such to a 

herbivore because they are not present in this form at the 

molecular level in the plant (Arnold 1981). Herbivores can select 

only for what they can sense. Owen-Smith and Novellie (1982) 
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sugge~ted that there may be no more than four characteristics 

indicating food value: toughness indicating fibre content, 

succulence indicating moisture content, bitterness indicating 

toxin content and finally the rate at which the animal can 

harvest the food. The justification for assuming protein content 

to be the major selection criterion is that it is negatively 

correlated with fibre content, which is presumably detected as 

toughness. But again protein content is probably not an abso= 

lutely reliable indicator of the criteria whereby the animals 

select. 

Thus an alternative explanation of the lack of correlation 

between the selectivity ratings and leaf protein content in _the 

dry seasons is that the kudus were selecting for some plant 

characteristic not associated with protein. For example both 

Combretum apiculatum and C. hereroense had relatively high dry 

season phosphorus contents. C. apiculatum leaves were lower in 

phosphorus than those of A. nigrescens in the wet season but 

higher in the dry seasons. The phosphorus content of 

C. hereroense leaves was higher than those of A. nigrescens in 

all seasons except the pre-rain flush. It is thus possible that 

the relatively high selectivity ratings of the two Combretum 

species in the dry seasons was iue to their phosphorus content 

rather than the fact that tl1ey are anarmed. There is reason to 

doubt whether herbivores can detect phosphorus concentrations; 

domestic cattle offered dicalciurn phosphate show little evidence 

of a specific appetite for phosphorus (Coppock, Everett and 

Belyea 1976), but on the other hand bone chewing is frequently 

observed in phosphorus-deficient livestock, which suggests that 

they may be capable of an appropriate response. 

A further possibility is that the kudus occasionally select a 

plant for its moisture content. Leaf water content was not 

correlated with protein content in the dry season; two species 

with low protein contents, Mavtenus heterophylla and C. hereroense, 

had relatively high dry season water contents. However neither 

water nor phosphorus are likely to be of overriding importance; 
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th~ selectivity ratings were not significantly correlated with 

eith~r in the dry seasons. 

It therefore seems unlikely that food selection could be 

explained without considering the effects of plant structural 

defences on eating rate. Further understanding of the factors 

underlying diet selection would require measurements of the 

rates at which kudus can harvest foliage from the various food 

species. As noted, plant secondary compounds were not considered 

in this study, and it is also important to investigate the role 

of these in determining selection. 

CHAPTER su~~1ARY : STAPLE, FAVOURED AND AVOIDED PLANT SPECIES 

The food types available to an animal can usually be divided into 

(i) those that make up a large proportion of the diet (the 

dietary staples or principle foods), (ii) those that are not 

common enough in the habitat to contribute significantly to the 

diet, but are neverti1eless favoured by the animals (favoured or 

preferTed foods) and (iii) those that are normally avoided (see 

Petrides 1975). For kudus the distinction is important because 

population performance is likely to be more closely associated 

witl1 the abundance and quality of the favoured and staple food 

types rather than the total potential food abundance. 

It cannot be stated with certainty that any woody plant species 

present in the study area was totally rejected by kudus. Over 

the study period they were observed feeding on 54 of the 60 odd 

species present in the hill base ecotone, but those few for which 

there were no feeding records were all rare or isolated (e.g. 

Sterculia rogersii, Ficus ingens ,and Ficus soldenella) so further 

observation may reveal that they are in fact accepted occasio= 

nally. 
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Nevertheless there were relatively few wooJy species that comprised 
a significant proportion of the kudus' diet. The dietary staples 
among the woody plants were Acacia nigrescens, Combretum 
apiculatum and C. hereroense. These three together comprised 
10 to 20 per cent of recorded feeding time in the wet and dry 
seasons, increasing to 55 per cent in the pre-rain flush. All 
other woody species combined made up no more than 25 per cent of 
the diet in any season. Scarce species that were highly favoured 
were Spirostachys africana and Grewia flavescens. Other woody 
species that were important in some seasons were: Ziziphus 
mucronata (wet season), Securinega virosa (wet season), ralbergia 
melanoxylon (pre-rain flush), Lonchocarpus capassa (pre-rain 
flush), Ehretia amoena (dry season) Maytenus heterophylla (dry 
season), Dichrostachys cinerea (wet and dry seasons). 

The rarely accepted species were Acacia tortilis, Cissus 
lonicerifolia, Dombeya rotundifolia, Pterocarpus rotundifolius, 
Grewia monticola, Peltophorum africanum and Euclea divinorum. 
Together these species made up 50 per cent or more of the total 
available woody plant leaves, but contributed to no more than 3 
per cent of the diet at any time of the year. 

Plants in the herb layer were strongly favoured during ~ost of 
the year. Despite their lower abundance than woody browse they 
made up 65 to 70 per cent of re corded fee ding time in both the 
wet and dry seasons, declining to below 20 per cent only in the 
pre-rain flush. Of the 78 species of £orbs identified in the hill 
base ecotone 47 appeared in the feeding records during the study 
period. Of these 14 were recorded as being utilized mor~ than 

five times (see Appendix I), the most common oi1es being Barleria 

lancifolia, Justicia £lava, Comffielina species, Aspilia 
mossarnbicensis, Ipomoea species, Cucurnis species, Rhynchosia totta, 

Hibiscus micranthus, Solanum panduraeforme and Tragia rupestris. 
However both the list of £orb species occuring in the hill base 
ecotone and the list of utilized species are probably incomplete. 
Further work is therefore required to establish which forb species 
comprise the greatest proportion of the kudus' diet. 
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CHAPTER THREE FORAGING BEHAVIOUR 

This chapter evaluates Owen-Smith's (1979) indices of accepted 

food abundance (feeding time per unit distance moved during 

foraging) and food intake rate (the proportion of foraging time 

spent feeding). As discussed in the Introduction the indices 

are intended to assess long-term relationships between habitat 

conditions and population dynamics of kudus. The sensitivity 

of the indices to changing habitat conditions was evaluated by 

examining their relationship with seasonal and between-h~bitat 

variations in potential food abundance. A positive correl~tion 

between the indices and potential food abundance would be pre= 

dieted. If this proved true it would support the validity of 

the indices. 

In addition diurnal v~riations in the indices were analysed by 

comparing the early morning and late afternoon foraging periodes 

with foraging at midday. Seasonal variations in the activity 

budget of kudus (the proportion of daylight hours devoted to 

foraging, moving and being inactive) are also discussed. 

METHODS 

Data on foraging behaviour were collected using the methods of 

Novellie (1978) and Gwen-Smith (1979). The procedures followed 

to obtain tape-recorded sequences of the activities of foraging 

kudus were described in Chapter 2. These recording sessions 

provided a record of the sequence of activities of a foraging 
kudu, as well as the duration of each bout of activity. 

Foraging was regarded as comprising two main activities, feeding 

and walking between food items. During foraging periods the 

kudus often performed short bouts of other activities, mostly 
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standing and looking around but also grooming, defecation, 

urination or brief social interactions with other group members. 

Provided a bout of such miscellaneous activities did not last 

longer than two minutes it was included in the foraging period. 

As discussed in Chapter 2, if the kudu engaged in any miscel= 

laneous activity for longer than two minutes the foraging period 

was considered to have ended and recording was stopped. The 

monthly sample sizes of recording sessions are shown in 

Table 21. 

Feeding and walking take place in alternating bouts; the animal 

stands and feeds at a certain place and after a time moves on. 

It may adjust its position by taking one or two steps without 

interrupting feeding, or it may stop feeding, walk a sequence of 

steps and commence feeding at another place. Goddard (1968) 

defined a 'feeding station' as the area accessible to a foraging 

animal without it moving its fore feet. The time spent feeding 

at a feeding station is termed the feeding station duration. 

The sequence of paces taken in moving between feeding stations 

is termed the step set. Foraging may thus be analysed in terms 

of an alternating series of feeding stations and step sets 

(Novellie 1978). The minimum duration of a feeding station was 

one second, and the minimum number of steps in a set was one. A 

bout of miscellaneous activity lasting less than two minutes was 

not considered to terminate a feeding station or step set. For 

exampJe if a kudu fed at a station for 10 seconds then stood 

alert for a period, then fed once again for 4 seconds before 

moving on, the feeding station duration was scored as 14 seconds. 

The foraging parameters can then be defined as follows: Consider 

a recording session of duration T. Let the total time spent 

feeding, walking and on miscellaneous activities be F, Wand M 

respectively, and let the number of paces moved be S. Let there 

be n feeding stations in the recording session each of duration 

£
1 
... f .... £. If the recording starts with a feeding station 

1 n 
and ends with a step set then there will also be n step sets, 

each comprising s 1 ... s .... s paces. 
1 n . 
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and 

The mean feeding station duration F/n is a measure of the time 
remained at the average feeding station. The mean number of 
steps per set S/n is a measure of the average distance moved 
between feeding stations. One would expect a positive relation= 
ship between the amount of food available at the average feeding 
station and the mean feeding station duration. It could also be 
predicted that the mean number of steps per set would tend to 
increase as food became scarcer. 

The indices proposed by Owen-Smith (1979) can be expressed as 
follows: The proportion of foraging time spent feeding (F/T) is 
the index of the food intake rate while foraging. The feeding 
time achieved in relation to the number of steps moved (F/S) is 
the index of accepted food abundance per unit area. lhe propor= 
tion of recording time Tis devoted to each of the activities 
F, Wand Mis termed foraging time apportionment. 

Statistical analysis 

Decision statistics are required to evaluate the significance of 
observed differences in the foraging parameters, and the question 
arises of how to sample them and of what constitutes a suitable 
unit of sampling. The foraging parameters are interrelated, and 
it is possible to express some in terms of others. Thus the 
index of accepted food abundance F/S is equal to the quotient of 
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mean feeding statlon duration and mean steps per set 
(F/n I S/n = F/S). The sum of the values F/T, W/T and M/T is 
one, so that any one of the three can be expressed in terms of 
the other two. 

It would therefore be unnecessary to sample and statistically test 

all the parameters as conclusions about some could be derived from 

the analyses of others. The parameters selected for sampling 
and analysis were: mean feeding station duration, mean steps 
per set, the proportion of recording time spent feeding and the 
proportion of recording time spent on miscellaneous activities. 
The value for feeding time per pace was derived from mean feeding 
station duration and mean steps per set. 

Since the effects of a number of factors on the foraging para= 
meters (e.g. seasons, time of the day) have to be tested,multi­
way analysis of variance is appropriate. This requires that the 
variates analysed be independent and normally distributed with 
homogeneity of variance. The feeding station durations and step 
sets defined above are not normally distributed but tend to 
follow the exponential or gamma distributions (see Baker 1973). 
Also the successive feeding stations or step sets within a 
recording session may not be independent of one another. Because 
of these problems the analyses were not carried out using the 
individual feeding station durations or step sets as the variates. 
Instead, for each recording session, the mean feeding station 
duration and mean number of steps per set were calculated, and 
these means were then regarded as the units of sampling. Sample 
sizes were insufficient to statistically test whether the means 
were in fact normally distributed. However their distributions 
were obviously skew (more values below than above the mean). 
Also, as is often the case with non-normal distributions, the 
variance was correlated with the mean, indicating the likelihood 
of heterogeneity of variance. To correct for this the logarith= 
mic transformation was applied (Sokal and Rohlf 1969). 
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For the proportions of recording time spent on feeding and on 

miscellaneous activities the unit of observation was again the 

recording session. The proportions of time spent feeding and 

on miscellaneous activities were calculated for all sessions 

over 5 minutes in duration. The distributions of these proper= 

tions were also obviously skew so the arcsine transformation for 

proportions was applied (Snedecor and Cochrane 1967). 

The analyses. were performed by computer using the program 

Rummage (Scott et al. 1977). As noted in Chapter 1 the program 

output indicates whether the variates are normally distributed 

and whether the variance is homogeneous. The results showed 

that the above transformations were reasonably successful in 

meeting the requirements for the analysis. The consequences 

of moderate non-normality and heterogeneity of variance are in 

any case not serious for the overall test of significance. The 

means and confidence limits presented in this chapter are retrans= 

formed from means and confidence limits calculated from the 

transformed data (Sokal and Rohlf 1969). 

RESULTS 

Mean durations of feeding stations 

Differences between the four seasons and between the time of the 

day (midday compared with early morning-late afternoon) in mean 

feeding station duration are shown in Table 30. The analysis of 

variance (Table 30b) shows no significant diurnal differences but 

the differences between seasons are highly significant. Mean 

feediHg station durations were highest in the pre-rain flush and 

lowest in the two dry seasons. These differences do not corres= 

pond with the variations between seasons in the abundance of 

available leaves. Leaf biomass in the pre-rain flush was the 

lowest of the four seasons so the long mean feeding station dura= 

tion at this time is unexpected. 
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SEASONAL AND DIURNAL VARIATION IN MEAN FEEDING STATION 

DUAATION (SECONDS PER STATION) 

Dry Season Pre-rain Dry Season Overall 
1976 flush Wet Season 1977 Row Means 

15 24 19 13 17 

17 21 20 16 18 

16 22 19 15 

*Early-morning-Late afternoon October to March, before 08h00 and after 

16h00: April to September, before 09h00 and after 15h00 

Note: The means above are transfonned back from means calculated in the 

logarithmic scale. They are lower than the means of untransformed 

data. 

TABLE 30b Ai~YSIS OF VARIANCE OF SEASONAL Ai\JD DIURNAL VARIATION 

IN FEEDING STATION DURATION 

Source of variation df Mean Square 
F Signifi== 

ratio cance 

Seasons 3 0,433 9,20 P<-0,001 

Time of day 1 0,042 0,88 n.s. 

Seasons x Time interaction 3 0,065 1,37 n.s. 

Error 372 0,047 

TotJ.1 379 



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

164 

Grouping of the data into the four seasons was necessary to 

provide a sufficiently large sample size for statistical ana= 

lysis, but as discussed in the previous chapter the seasonal 

groupings represent an approximation. Monthly mean feeding 

station durations are therefore shown in Fig. 25 together with 

monthly variation in biomass of accessible leaves. These two 

parameters are related in that the highest mean feeding station 

durations in February-March coincide with the period of maximum 

leaf biomass, while the lowest durations in August-September 

coincide with lowest leaf abundance. However an obvious dis= 

crepancy is that feeding station durations in the pre-rain flush 

months, October and November, are as high or higher than those 

of the wet season months December, January and April whereas on 

the basis of differen~es in leaf abundance they would be 

expected to be much lower (Fig. 25). It is because of this dis= 

crepancy that the overall mean feeding station duration for the 

wet season (December to April) is lower than that of the pre-rain 

flush. 

One possible factor accounting for the discrepancy is that the 

overall mean feeding station duration is influenced by the rela= 

tive contribution of £orbs and woody plants to the diet. As 

shown below the mean duration of feeding stations on woody 

plants is much longer than that on plants in the herb layer. 

Thus the overall mean feeding station duration tended to be 

relatively high in the pre-rain flush,when a high proportion of 

the diet came from woody plants,and lower in December, January 

and April when the diet comprised mostly £orbs. The seasonal 

trends in feeding station duraLions on woody plants and in the 

herb layer are therefore examined separately below. 

Feeding station durations in the herb layer (Fig. 26) show a 

clear seasonal trend which is significantly correlated with 

seasonal changes in the biomass of £orb leaves (r = 0,82, 

P < 0,01). As expected mean durations were highest in the mid­

wet season when leaf biomass was highest and were lowest in the 

late dry seasons at the time of lowest leaf abundance. In con= 

trast the monthly variation in mean feeding station duration on 
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woody plants (Fig. 27) was not related to seasonal variation in 

woody plant leaf biomass. A comparison of Figs. 26 and 27 shows 

that mean feeding station duration in the herb layer was lower 

than that of woody plants in almost all months of the study 

period. 

Mean steps per set 

A negative relationship between mean steps per set and the abun= 

dance of potential food would be expected because when food is 

scarce the kudus would on average move greater distances between 

feeding stations. The difference between the four seasons in 

mean steps per set (Table 31) follows the expected pattern in 

that the values are highest in the pre-rain flush, the season 

of lowest abundance, and lowest in the wet season, at the time 

of greatest abundance. However the seasonal differences a~e not 

marked and the analysis of variance (Table 31b) shows no signi= 

ficant seasonal or diurnal differences. 

Feeding time per pace 

As discussed above the feeding time achieved per pace walked was 

calculated by dividing the mean feeding station duration by the 

mean steps per set. Monthly variation in feeding time per pace 

is significantly correlated with total leaf biomass (r = 0,77 

P < 0,01) (Fig. 28). Neither the overall mean feeding station 

duration nor the mean number of steps per set showed significant 

diurnal variation (Tables 30 and 31) and therefore there is no 

reason to suspect that feeding time per pace varied over the day. 
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TABLE 31a 

Time of da 

*Early morning-
Late afternoon 

Midda 

Overall 
Column Means 

169 

SEASONAL AND DIURNAL VARIATION IN MEAL\I NUMBER OF STEPS 
PER SET 

Dry Season Pre-rain Dry Season Overall 
1976 flush Wet Season 1977 Row Mean 

3,47 3,81 3,24 3,93 3,60 

3,96 4, 11 3,26 3,44 3,67 

3, 71 3,96 3,25 3,68 

*Early morning-Late afternoon: October to ~larch, before 08h00 and 16h00 
April to September, before 09h00 and after 15h00 

Note: The means above are transformed back from means calculated in the 

lcgarithmic scale. They are lower than the means of untransformed 
data. 

TABLE 31b 

Source of variation 

Seasons 

Time of day 

ANALYSIS OF VARIANCE OF SEASONAL AND DIURNAL VARIATION 
IN MEAN STEPS PER SET 

df Mean Square F Signifi= 
ratio cance 

3 0,0825 1,420 n.s. 

1 0,0054 0,094 n.s. 

Seasons x Time interaction 3 0,0627 1,079 n. s. 

Error 372 0,0581 

Total 379 
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s~asonal differences in the foraging parameters; comparing 
woody plants and £orbs 

Plotted at monthly intervals the mean duration of feeding sta= 
tions on woody plants show no clear seasonal trend. However 
the sample sizes in some months were small, and if the data 
are grouped into the four seasons there is evidence of a sea= 
sonal pattern (Fig. 29). The means were highest in the pre-
rain flush and lowest in the wet season, with the two dry 
seasons intermediate. This seasonal difference in duration of 
feeding stations on woody plants is in fact negatively related 
to the seasonal variations in woody plant leaf abundance, not 
positively as would be expected. There is also a negative corre= 
lation between the feeding station durations in the herb layer 
and those on woody plants (Fig. 29), and it seems possible that 
the two are interrelated; the time spent at the average woody 
plant feeding station may increase when the availability of 
alte~native food in the herb layer is low. In the pre-rain flush 
£orbs were scarce, and moreover this was the only time of the 
year when the protein content of £orb leaves was lower than the 
average of the woody plant leaves (Fig. 17). This may account 
for the fact that woody plant feeding station durations averaged 
lnngest in the pre-rain flush. In the wet season the abundance 
and nutritional value of £orbs was highest relative to the woody 
plants (Figs 17 and 18) and this, in turn, may account for the 
low feeding station duration on woody plants at this time. 

This interpretation is in accord with the evidence (Chapter 2) 
that £orbs are the favoured food resource, with woody plants 
increasing in importance only when £orbs are scarce. However 
despite the fact that the time spent at feeding stations on woody 
plants increased from the wet season to the dry, while that of 
£orbs decreased, there was apparently little change in the rela= 
tive proportions of £orbs and woody plants in the diet from the 
wet season to the dry (Table 23). This was because the number 
of woody plant feeding stations located per pace walked during 
foraging (Fig. 30) was higher in the wet season than the dry. In 
other words, although the duration of woody plant feeding stations 
incr~ased from the wet season to the dry this was balanced by a 
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decrease in the relative number of woody feeding stations 
located, and so the overall proportion of woody plants in the 
diet did not change appreciably. 

Seasonal differences in feeding time per pace on woody plants 
and plants in the herb layer are summarized in Fig. 31. For 
plants in the herb layer feeding time per pace is highest in the 
wet season and lowest in the pre-rain flush, thus corresponding 
with seasonal variations in abundance of £orb leaves. For woody 
plants, however, feeding time per pace is highest in the pre­
rain flush, which is the time of lowest woody plant leaf abun= 
dance. Again this is probably due to the low availability of 
£orbs during the pre-rain flush. This suggests that the seasonal 
variations in feeding time per pace on woody plants depends not 
so much on the abundance and quality of woody plant leaves as 
such, but rather on the abundance and quality of alternative 
food available in the herb layer. 

Foraging time apportionment 

Tr-e proportion of foraging time spent feeding showed little sea= 
sonal or diurnal variation, and the analysis of variance revealed 
no significant differences (Table 32). In contrast the proper= 
tion of time spent on miscellaneous activities was highest in 
the wet season, lower in the dry seasons and lowest in the pre­
rain flush, although the difference is significant only at the 
ten per cent level (Table 33). Diurnal differences in time spent 
on miscellaneous activities are not significant. 

As discussed above the amount of foraging time spent walking was 
not analysed statistically because conclusions about this compo= 
nent of foraging time apportionment can be derived from the 
analyses of the other two. Since the proportion of foraging 
time spent feeding did not vary greatly between seasons it 
follows that the seasonal variation in the proportion of time 
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TABLE 32a 

Time of Da 

*Early morning-
Late afternoon 

Midda 

Overall 
ColllllUl Means 
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SEASONAL AND DilJRJ.\IAL VARIATION IN TIIE PERCENTAGE 
OF FOAAGING TI~IE SPENT FEEDING 

Dry Season Pre-rain Dry Season Overall 
1976 flush Wet Season 1977 Row Mean 

75,9 77,2 74,S 69,9 74,4 

70,4 78,4 74,9 74,6 74,6 

73,2 77,8 74,7 72,3 

*Early morning-Late afternoon: October to March, before 08h00 and after 
16h00: April to September before 09h00 and after 15h00 

TABLE 32b A~YSIS OF VARIANCE OF FORAGING TI~1E SPENT FEEDING 

Source of variation df Mean Square F Signifi= 
ratio cance 

Seasons 3 0 ,0377 1,19 n.s. 
Time of day 1 0,0004 0,01 n.s. 
Seasons x Time interaction 3 0,0571 1,80 n.s. 
Error 339 0,0318 

Total 346 
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TABLE 33a 

Time of Da 

*Early morning-
Late afternoon 
Midday 

Overall 
Coh..nnn Means 
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SEASONAL ..'\ND DIURNAL VARIATION IN 1HE PERCENTAGE OF 
FORAGING TIME SPENT ON MISCELLANEOUS ACTIVITIES 

Dry Season Pre-rain Dry Season Overall 
1976 flush Wet Season 1977 Row Mean 

8,6 8, 1 11, 5 7,5 8,9 

11 , 1 6,4 12,3 10 ,0 9,8 

9,8 7,2 11 ,9 8,7 

*October to ~larch, before 08h00 and after 16h00 April to September before 
09h00 and after 15h00 

TABLE 33b ANALYSIS OF VARIANCE OF FORAGING Til\1E SPENT ON 
MISCELLANEOUS ACTIVITIES 

F Signifi= 
Source of variation df Mean Square ratio cance 

Seasons 3 0,0631 2, 14 p~ 0, 10 
Time of day 1 0,0162 0,55 n.s. 
Seasons x Time interaction 3 0,0160 0,54 n.s. 
Error 339 0,0295 

Total 346 
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spent walking is negatively correlated with the proportion 

spent on miscellaneous activities, in other words high in the 

pre-rain flush and low in the wet season. This seasonal trend 

in the proportion of foraging time spent walking is negatively 

related to the abundance of potential food, which is to be 

expected because when food is scarce the kudus would have to 

spend more time walking between food items. Monthly variation 

in walking time (Fig. 32) is significantly negatively correlated 

with total leaf abundance (r = -0,67, P < 0,01). 

If the proportion of time spent on miscellaneous activities had 

in fact remained constant over the seasons then the time spent 

on feeding would have been negatively related to walking time 

and thus positively correlated with food abundance. The fact 

that there is little seasonal variation in feeding time is due 

to the seasonal variation in time spent on miscellaneous acti= 

vities. This pattern of seasonal variation in foraging time 

apportionment is the same as that found by Owen-Smith (1979). 

He pointed out that the decrease in time spent on miscellaneous 

activities as the dry season advanced enabled the kudus to 

maintain a high feeding time per foraging time in the dry season 

despite the necessary increase in walking time. The present 

rcsul~s confirm this conclusion. 

The index of accepted food abundance compared between habitat 

subdivisions: Relationships with potential food abundance 

Given that the proportion of potential food that is accepted by 

kudus remains constant, differences between habitats in the index 

of accepted food abundance will correspond with differences in 

potential food abundance. Discrepancies between potential and 

accepted food abundance should thus indicate differences between 

habitats in the proportion of potentially available food that is 

accepted. Such differences in acceptance could arise, for example, 

because of differences between habitats in the relative density of 
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favoured as opposed to avoided plant species or because of 
differences in the average nutrient content of food plants. 

In this section the index of accepted food abundance, and 
potential food abundance are compared between the habitat sub= 
divisions of the study area to assess possible differences 
between habitats in the proportion of available food accepted 
by the kudus. A possible confounding factor in these compari= 
sons is that the average eating rate (weight of food eaten per 
feeding time) may vary between habitats, and because of this 
the index may not give a reliable reflection of differences in 
accepted food abundance. The likely effects of differences in 
eating rate are discussed further below. 

In Chapter 1 £orb abundance was compared between the hill slopes 
and the pediment, and also between regions burnt during the fire 
of January 1977 and unburnt regions. The slopes were regarded 
to be the zone extending 80 m up the hill slopes to 20 m out 
from the hill base thus including the upper slopes and the hill 
base, see Chapter 1. The pediment extended from 20 m to 400 m 
out from the hill base. The woody plant canopy volumes per unit 
area in- eaci of these regions was also estimated, but differences 
between habitat subdivisions in woody plant leaf weight per unit 
canopy volume were not investigated. Thus in calculating leaf 
abundance of woody plants in each habitat subdivision it is 
assumed that leaf weight per unit canopy volume remain the same 
over all regions. 

Seasonal variations in the index of ac~epted food abundance and 
potential food abundance on the slopes and pediment are shown in 
Fig. 33. The values for the 1977 dry season are for burnt and 
unburnt regions combined (differences due to the fire are con= 
sidered separately below). The relative contributions of plants 
in the herb layer and woody plants to accepted food abundance 
are indicated in Fig. 33. These are compared with the quantities 
of woody plant and £orb leaves available. The ratios of accepted 
food abundance to potential food abundance (seconds spent feeding 
per pace divided by g dry weight of leaves per m2

) are shown in 
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Table 34 for plants in the herb layer and woody plants separately. 

High values for the ratios indicate that a high proportion of 

potenti~lly available food was accepted. 

Fig. 33 shows that total potential food abundance was higher on the 

slopes than on the pediment in the wet season, but in the pre­

rain flush and the dry seasons there was little difference 

between the two regions in potential food abundance. In the wet 

season and the pre-rain flush differences between the pediment 

and the slopes in the index of accepted food abundance corres= 

pond with the differences in potential food abundance. This 

indicates that there were no major differences between the two 

regions in the proportion of potential food that was accepted 

during the wet season and the pre-rain flush. In both the 1976 

and the 1977 dry seasons, howeve~, feeding time per pace aver= 

aged higher on the slopes than the pediment, despite the rela= 

tive lack of difference between the two regions in potential 

food abundance. From Fig. 33 and Table 34 it is evident that 

the difference was largely due to the much higher feeding time 

per pace spent on woody plants on the slopes (feeding time per 

pace spent on plants in the herb layer differed little between 

the slopes and pediment). This means that in the dry seasons 

woody plants leaves on the slopes were on average more acceptable 

to kudus than those on the pediment. This would be expected 

from the seasonal variations in the composition of the kudu's 

diet discussed in Chapter 2. The dominant woody species on the 

slopes, Combretum apiculatum, was favoured by the kudus in the 

dry seasons, whereas the common species on the pediment were not 

favoured at this time. 

On both slopes and pediment the ratios of accepted to potential 

food abundance for plants in the herb layer are consistently 

higher than for woody plants (Table 34). This shows that the 

kudus favoured £orbs over woody plants on both the slopes and 

the pediment (see also Chapter 2). 
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TABLE 34 
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RATIOS OF ACCEPTED FOOD ABUNDANCE (SECONDS SPENT 
FEEDING PER PACE WALKED WHILE FORAGING) TO POTENTIAL 
FOOD ABUNDANCE (g DRY WEIGHT OF LEAVES PER m'2 ) 

COMPARED BETWEEN SLOPES AND PEDIMENT 

(A) WOODY PLANTS 

Slopes 

Pedirnen t 

Dry season 
1976 

0,13 

0,05 

Pre-rain 
flush 

0, 32 

0, 35 

(B) PLANTS IN THE HERB LAYER 

Slopes 
Pediment 

Dry season 
19 76 

0, 35 

0,22 

Pre-rain 
flush 

0,60 

0,45 

Wet 
Season 

0,06 

0,05 

Wet 
Season 

0,29 

0, 16 

Dry season 
19 77 

0, 1 3 

0,04 

Dry season 
1977 

0, 35 

0,33 
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Table 34 shows that the ratios of accepted to potential food 
abundance for plants in the herb layer on the slopes is higher 
than for those on the pediment in all seasons. This suggests 
that the £orbs on the pediment were on average less palatable 
than those on the slopes throughout the year. This is unex= 
pected, since the average protein content of the £orb leaves 
on the pediment was equal to those on the slopes in the wet 
season and higher in the dry seasons (Chapter 1). As noted in 
Chapter 1 the species composition of £orbs differed greatly 
between slopes and pediment, but further observation would be 
required to determine the factors underlying the apparant dif= 
ference between the two zones in acceptability of £orbs. 

Comparison between burnt and unburnt regions 

In Ch apt e r 1 i t was e s t ab 1 is he d that the f i re in Jan 11 a ry 1 9 7 7 
caused a temporary reduction in £orb abundance, but after good 
rain in February the biomass of £orb leaves and terminal stems 
did not differ much between burnt and unburnt areas. However 
the protein content of £orb leaves on the burnt areas was lower 
than those on unburnt areas in the dry season after the fire. 
No comparisons were made between the burnt and unburnt areas of 
the weight of woody plant leaves per unit canopy volume. There= 
fore in estimating woody plant leaf abundance it is assumed 
that the leaf density per unit canopy volume did not differ 
between burnt and unburnt areas. This assumption seems reasonable 
because, although the fire affected plants in the herb layer, it 
was not hot enough to seriously affect the woody plants. 

The kudus left the burnt areas in January and did not return until 
April, so it is not possible to co~pare foraging behaviour on 
burnt and unburnt areas in the wet season. The data for the dry 
season of 1977 can however be compared to check for differences 
in accepted food abundance which might have been caused by the 
fire. 
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Differences between burnt and unburnt areas in potential food 
abundance and in the index of accepted food abundance are shown 
in Fig. 34. Table 35 gives the ratios of accepted to potential 
food abundance for woody plants and plan ts in the herb layer. 

On the pediment potential food abundance did not differ markedly 
between burnt and unburnt regions. In contrast, potential food 
abundance was higher on the unburnt than the burnt slopes. This 
was because woody plant canopy volume per unit area was higher 
on Nwamuriwane (the unburnt hill) than Nwamuriwa (the burnt hill), 
which probably reflect an inherent difference between the two 
regions and was not due to the fire. The variations in the 
index of accepted food abundance correspond approximately with 
these differences in potential food abundance; values for the 
burnt and unburnt pediments are similar, whereas the val~e for 
the unbur~t slopes is higher than for the burnt slopes (Fig. 34). 

Since the protein content of £orb leaves on the unburnt regions 
was higher than on the burnt one would expect a relatively higher 
acceptance of the unburnt £orbs. From Table 35 this seems to 
have been the case, the ratios of accepted to potential food 
abundance for p 1 ants in the herb 1 ayer we re higher on unburnt 
than burnt areas for both the slopes and the pediment. Further 
observations would be required to clarify whether the difference 
in nutrient content and relative acceptability of £orbs between 
the two regions is likely to have been due to the fire or to 
some other factor such as a difference in £orb species composi= 
tion. 

Apart from the slight difference in acceptance of plants in the 
herb layer there is no evidence that the fire had any affect on 
accepted food abundance during the dry season of 1977. 

Differences between the slopes and pediment, and between burnt 
and unburnt regions in the index of food intake rate (the pro= 
portion of foraging time spent feeding) were the same as described 
above for the index of accepted food abundance, and therefore 
the results are not presented. 
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TABLE 35 

Woody Plan ts 

Plants in the 

Herb layer 

1 86 

RATIOS OF ACCEPTED FOOD ABUNDANCE (SECONDS SPENT 

FEEDING PER PACE WALKED WHILE FORAGING) TO 

POTENTIAL FOOD ABUNDANCE (g DRY WEIGHT OF LEAVES 

PER m2
) COMPARED BETWEEN BURt\JT AND UNBURNT 

REGIONS DURING THE DRY SEASON OF 1977 
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Comparison between the hill base ecotone and the knobthorn 

savanna 

Owen-Smith (1979) found that feeding time per unit distance 

moved by kudus foraging in the knobthorn savanna was signifi= 

cantly lower than in the hill base ecotone. In Chapter 1 it 

was shown that the abundance of £orbs and the density of woody 

plants was lower in the knobthorn savanna than the hill base 

ecotone. It is ~vident then,that the difference between the 

knobthorn savanna and the hill base ecotone in accepted food 

abundance corresponds with the difference between them in 

potential food abundance. 

The magnitude of seasonal variation in acc~pted and potential 

food abundance 

The magnitude of seasonal variation in the index of accepted 

food abundance w3s less than that of potential food abundance. 

Thus the peak wet season mean for feeding time per pace was 3,6 
times the lowest dry season value (see Fig. 28), whereas the 

total potential food abundance (biomass of woody plant and £orb 

leaves varied seasonally by a factor of 5 times. The seasonal 

variations in the ratios of accepted to potential food abundance 

(Table 34) indicate that the fraction of potential food abundance 

actually accepted was greatest in the pre-rain flush and lowest 

in the wet season, with the dry seasons intermediate. This sug= 

gests that the kudus expand their diets to include a greater 

porportion of potential food in seasons of food scarcity. There 

are some indications that this was the case, for example 

Euclea divinorum, a woody species with a relatively low protein 

content, was consistently accepted by kudus in the dry season 

but rejected in the wet season. However, as discussed further 

below, the eating rate is likely to be lower when food is scarce 

than when it is abundant, and therefore the true magnitude of 

seasonal var·iation in accepted food abundance would not be as 

great as suggested ty variations in feeding time per pace a 
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Activity budgets 

Data on the activity budget (the proportion of daylight hours 
allocated by the kudus to their various activities) were 
gathered by watching individual cow groups from as early as it 
was possible to contact them in the morning until nightfall 
(see also Owen-Smith 1979). Every 15 min the prevailing acti= 
vity over a period of one minute of each of the adult members 
of the group was recorded according to the follnwing categories: 

(i) foraging (which included feeding as well as moving 
between feeding stations) 

(ii) inactive (including standing or lying) 

(iii) miscellaneous activities (including mostly moving, 
with some social interactions and drinking). 

An important restriction was that one or more of the group members, 
especially those resting, were frequently obscured from the ob= 
server, sometimes for long periods. Thus if recording was con= 
fined to visible animals results would be biased in favour of 
foraging and moving. To avoid this bias the activity of each 
group member had to be accounted for at each 15 min sampling 
point, even though this meant inferring the activity of invisi= 
ble animals. Inferences were made on the basis of what the 
individual had been doing when it was last seen, how long it 
had remained obscured and what the other group members were 
doing. Changes in activity of visible animals were recorded 
when observed within the 15 min interval, and these records 
also helped to assess the activity of animals which were invi= 
sible at the main sampling point. Although subjective judgement 
sometimes had to be used results were sufficiently accurate to 

reflect the main seasonal and· diurnal trends. 

The 15 min sampling interval would probably yield less accurate 
results than the standard 4 min interval used in other studies 
(e.g. Spinage 1969). However the longer interval was nece~sary 
because under unfavourable conditions it was difficult to record 
each group member's activity at shorter intervals. 
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To assess <liurnal variation in activity patterns the daylight 

period was divided into 1 h intervals. The relative proportions 

of each hour interval spent on each of the three activity cate= 

gories was estimated from the four 15 min sampling points 

within the hour. Thus for example if three sampling points were 

scored as foraging and one as inactive the animal was assumed 

to have spent 75 per cent of the hour foraging and 25 per cent 

inactive. Mean proportions were then calculated for each hour 

interval within each of the four seasons. The proportions of 

the total daylight period spent on the three activity categories 

were derived from the hourly proportions. 

Diurnal variation in time allocated to foraging 

The pattern of diurnal variation in foraging is shown in Fig. 35 

for the wet season and the combined 1976 and 1977 drj seasons. 

(The sample size in the pre-rain flush was too small to examine 

diurnal variatioii.) 

In the wet season foraging tended to occur mostly in the cooler 

early morning and late afternoon periods. The frequency of 

foraging was lowest from 12h00 to 15h00. The pattern in the 

dry season was more variable but the period of least frequent 

foraging was again the early afternoon - 13h00 to 15h00. 

Figure 35 suggests that during the dry season most foraging 

occurred in the late afternoon, whereas during the wet season the 

period of most frequent foragi~g was the early morning. However 

this impression is probably misleading because no data were 

obtained for the earliest part of the day during the dry season 

(07h00 to 08h00) and the dusk period in the wet season (18h00 -

19h00). 
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Seasonal changes in activity budgets 

The proportion of daylight hours spent foraging varied seaso= 

nally, being lower in the wet season than in the pre-rain flush 

and dry seasons (Fig. 36). This result is in accord with Owen­

Smith's (1979) finding that foraging time per day is lowest in 

the wet season. Reliable data on night activity was more di£= 

ficult to obtain. Owen-Smith (1979) did two all night watches 

in the wet season and two in the late dry season. These showed 

no evidence of seasonal differences and an overall mean of 45 

per cent of the night was spent foraging. I was able to com= 

plete one all night watch during the wet season of 1977, which 

also gave a value of 45 per cent foraging. The estimates of 

foraging time per 24 h in Fig. 36 were derived assuming 45 per 

cent of the night devoted to foraging with no seasonal variation. 

DISCUSSION 

Although the magnitude of seasonal variation in the index of 

accepted food abundance was not as great as that of potential 

food abundance the general seasonal trend was the same for both 

measures. However when feeding time per pace is partitioned 

into woody plant and £orb components it is evident that only 

the latter followed the same seasonal trend as potential food 

abundance; feeding time per pace on woody plants was highest 

in the pre-rain flush, the season of lowest potential food 

abundance. This is in accord with the evidence (Chapter 2) 

that £orbs were preferred, and feeding time spent on woody 

plants increased only when £orbs were scarce. 

In general, variations between habitats in accepted food abun= 

dance correspond with variations in potential food abundance. 

The most marked discrepancy between the two measures was on the 

hill slopes during the dry seasons, where the feeding time per 

pace spent on woody plants was high in relation to the biomass 
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of woody plant leaves. Data on the seasonal variations in 

diet composition (Chapter 2) show that in the dry seasons the 

kudus tended to favour the common woody species on the hill 

slopes relatively more than woody plants in other regions, 

thus supporting the evidence that acceptable food abundance 

was higher on the slopes than elsewhere. 

The general correlation between leaf biomass and the index of 

accepted food abundance shows that the index is sensiti~e to 

variations in habitat conditions. This supports the idea that 

the index would be useful in assessing long term relationships 

between food availability and the population performance of 

kudus. However, the index can be employed with confidence only 

if estimates of variations in the average eating rate are 

available. This is particularly true in assessing seasonal 

variations in acceptable food abundance because, as stressed by 

Dunham (1982), seasonal variations in eating rate aan be marked. 

Monro (1979) found that the weight of food eaten per unit 

feeding time by impala in the dry season was only 60 per cent 

of that in the wet season. Thus as food abundance declin0s 

from the wet season to the dry the eating rate of kudus is also 

likely to decline. As a result feeding time per pace would 

underestimate the true magnitude of variation in accepted food 

abundance. To determine seasonal changes in the proportion of 

potential food that is accepted by kudus it would be necessary 

to estimate the magnitude of seasonal variation in eating rate. 

Both this study and that of Owen-Smith (1979) established that 

the kudus decrease the proportion of foraging time spent on mis= 

cellaneous activities in the dry season. This has the effect of 

compensating for the dry season increase in the proportion of 

foraging time spent walking, so that the proportion spent 

feeding varies little between seasons. Feeding time per foraging 

time, the index of food intake rate, was therefore less sensitive 

to variations in habitat conditions than was feeding time per 

pace. 
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It was evident from the diurnal variation in time spent for= 

aging that the kudus preferred to forage in the cooler hours 

of the day and to rest in the early afternoon. Nevertheless 

throughout the year some foraging took place during the hot 

midday hours, and the question arises of whether foraging be= 

haviour is modified to cope with the heat load. For example 

the kudus could move more slowly and pause more frequently 

during foraging at midday to reduce heat production due to 

activity. This would amount to sacrificing food intake rate 

while foraging for the sake of temperature regulation. Diurnal 

modifications in foraging behaviour could affect the indices 

of acceptable food abundance and food intake rate while for= 

aging. However there was no significant diurnal variation in 

feeding station duration, in mean steps per set or in foraging 

time apportionment, so there seems no reason to suspect any 

marked temperature effect on these parameters. 

The rainfall during this study (651 mm in 1975-76, and 668 mm 

in 1976-77) was higher than during 1974-75, the years covered 

by Owen - Sm i th ( 1 9 7 9 ) ( 5 4 2 mii1) . Des p i t e this di ff e re n ce in 

rainfall there was little difference in the foraging parameters. 

As discussed above the pattern of seasonal variation in the 

parameters was similar in both studies. The year round averages 

were also similar. The proportion of foraging time spent 

feeding was reported as 72 per cent by Owen-Smith (1979) and 

75 per cent in this study. Time spent on miscellaneous activi= 

ties was 11 per cent in Owen-Smith's study and 9 per cent in 

this one. Sampling procedure for feeding time per unit distance 

moved (the index of accepted food abundance) differed between 

the two studies; Owen-Smith (1979) sampled it as feeding time 

per 50 paces walked, whereas in this study feeding time per pace 

was derived from mean feeding station duration and mean steps 

per set. Nevertheless if both are expressed as feeding time 

per pace the values are close, 5,8 seconds from Owen-Smith 

(1979) and 5,4 seconds in this study. Feeding time per 24 hours 

was slightly lower in this study, 50 per cent as opposed to 

54 per cent. The small differences between these means are 

unlikely to be significant, suggesting that habitat conditions 
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remained fairly similar over the years covered by the two 

studies. 

Foraging behaviour of kudus compared with that of other 

ante lope 
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Jarman (1974) postulated that typical group size in African 

antelope is determined in part by the spatial dispersion of 

their food. He argued that selective feeders could not asso= 

ciate in such large groups as unselective feeders because the 

group members would soon become scattered as they foraged for 

their relatively rare and widely dispersed food items. In 

most African savannas grass plants are more continuously dis= 

persed than browse plants, and Jarman suggested this as one 

reason why browsers do not associate in such large groups as 

do some grazers, such as the wildebeest. 

Apart from kudus, patterns of foraging behaviour have been 

studied quantitatively in blesbok and springbok (Novellie 1978) 

and impala (Dunham 1982). Kudus are browsers, blesbok are 

exclusively grazers, while springbok and impala are mixed 

feerlers, accepting both grass and browse. As would be predicted 

by Jarman's (1974) hypothesis the typical group size of kudus 

is smaller than those of the other three species. 

According to Jarman's hypothesis the average distance between 

food items should be highest for browsers and lowest for grazers, 

with the mixed feeders intermediate. The average number of 

steps per set should thus be highest for the kudus and lowest 

for the blesbok. Grazers would be expected to have the highest 

feeding time per foraging time because they need to spend less 

time moving between food items than browsers or mixed feeders. 

The year round averages of the fora~ing parameters are compared 

between the four species in Table 36. As predicted, the mean 

number of steps per set is highest fo~ the kudus and lowest for 

the blesbok. The mean feeding station c.uration is much high.er 
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COMPARISON OF FEEDING STATION DURATION, NUMBER OF 
STEPS PER SET, FEEDING TIME PER PACE WALKED WHILE 
FORAGING AND FEEDING TIME PER FORAGING TIME 
BETWEEN FOUR ANTELOPE SPECIES. THE VALUES SHOWN 
ARE AVERAGED OVER A SEASONAL CYCLE 

S P E C I E S 
FORAGING PARAMETER 

K11du Springbok Imp ala}E: Blesbok 

Feeding station dur3.tion 19 6 9 
(seconds) 

Number of steps per set 3,6 3,0 1 , 7 

Feeding time per pace 5,4 2, 0 5,8 5, 3 
(seconds) 

Feeding time per 75 68 83 87 
foraging time (per 
cent) 

x From Dunham 1982 
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for the kudus than for the other species. This suggests that 
on average woody browse plants offer more food per feeding 
station than grass plants. 

Also as expected, the feeding time per foraging time is highest 
for the blesbok. As already noted by Dunham (1982) feeding 
time per foraging time for impala is higher than for kudus, 
However mean feeding time per foraging time is unexpectedly 
low for the springbok. The mean feeding time per pace niffers 
little between the kudus, impala and blesbok, but is again much 
lower for the springbok. 

Thus because of their short average distance between feeding 
stations the grazing blesbok are able to feed continuously, 
taking mostly single steps at comparatively frequent intervals. 
Unlike the kudus they seldom inteYrupt feeding to walk between 
feeding stations and this accounts for their high feeding time 
per foraging time. The high feeding station duration for the 
kudus compensates for their high average steps per set, and 
hence the time they spend feeding per pace does net diffe£ 
much from the other species. The low feeding time per pace and 
feeding time per foraging time of the springbok may reflect 
the fact that the area where they were studied (the sour 
Transvaal Bankenveld, see Novellie 1978) was unsuitable habitat 
for springbok. 

The differences between these four species in patterns of for= 
aging behaviour are as would be predicted by Jarman's (1974) 
hypothesis. Similar data on a wider variety of species are 
needed to further evaluate the hypothesis. 

For impala Dunham (1982) noted a four-fold seasonal variation in 
feeding time per Wli t distance covered while foraging, with a 
peak in the wet season and a low point in the dry season. This 
is slightly greater than the magnitude of seasonal variation 
in feeding time per pace from the wet season to the dry in kudus 
(3,6 times). Dunham (1982) also noted only a small decrease from 
the wet season to the dry in the proportion of foraging time 
spent feeding by impala. As was the case for kudus this was 
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achieved in part by a reduction in the proportion of foraging 
time devoted to miscellaneous activities in the dry season. 

For both impala and kudus the proportion of foraging time spent 
moving increased from the wet season to the dry (Owen-Smith 
1979, Dunham 1982, this study), indicating that time spent 
searching for acceptable food increases as food becomes scarcer. 

The opposite tendency was reported in reindeer foraging on 
tundra by Trudell and White (1981). The reindeer increased the 
proportion of foraging time spent searching as food abundance 
increased, evidently feeding more selectively as the abundance 
of favoured food plants increased. 
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ESTIMATING NUTRIENT REQUIREMENTS AND NUTRIENT 
INTAKE 

The importance of food as a factor•limiting the kudu population 
could be directly assessed if it were possible to measure 
nutrient intake rate in relatio~ to nutrient requirements for 
maintenance and production. Nutrient requirements of African 
wild ruminants have not been determined, but from published 
data on domestic ruminants and North American deer (Moen 1973) 
it is possible to make an approximation of the protein, energy, 
phosphorus and water requirements of kudus. For comparison 
with the estimated requirements rough approximations of daily 
protein, phosphorus and water intakes of kudus are calculated 

from the data given in the previous chapters. Estimates of 
energy intake are derived from the values for protein (see 
below). These estimates are too rough to reliably assess the 
adequacy of nutrient intake. They are nevertheless useful 
in identifying shortcomings in the data at present available 
and in indicating the information that is needed to determine 

the nutritional status of free-ranging k~dus. The exercise is 
also useful in suggesting which of the nutrients analysed in 
this study is most likely to be limiting, and the times of the 
year when limitations are likely to occur. 

Nutrient requirements for maintenance, pregnancy and lactation 
for a~ adult female kudu are estimated according to Moen's 
(1973) scheme. The female is assumed to weigh 180 kg, to con= 
cei ve on 1 May (the conception peak is through Apri 1-May, Owen­
Smi th unpublished) and to give birth on 15 January (gestation 
period 260 days). Observations in this study are in accord with 

Wilson's (1965) observation that the birth peak for kudu is 

January to March. The mass of the calf at birth is assumed to 

be 15 kg (from Wilson 1965). The nutrient requirements of a 
weaned calf (weighing about 95 kg) jn the late dry season are 



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

200 

also estimated. Relatively few data were obtained on the for~ 

aging behaviour, diet and activity cycle of adult males and so 
no attempt is made to assess their requirements. 

Protein requirements 

Protein is required for production (growth of hair, body tissue, 

foetal tissue and milk production) and for the maintenance of 

basic life processes. Even if an animal receives a completely 

nitrogen-free diet a certain quantity of nitrogen appears in 

the urine and faeces, demonstrating that a proportion of the 

nitrogen in the excreta is of endogenous rather than dietary 

origin (McDonald et ~- 19 7 3) • 

The endogenous urinary nitrogen (EUN) is derived from the cata= 
bolism of body tissue and is related to the metabolic weight of 

the animal (Crampton and Harris 1969). Approximately 2 mg 

ni~rogen is excreted in the urine daily for every kcal energy 
expended for basal metabolism. The EUN can thus be estimated 

as 

2 x 70 (W O ' 7 5 ) g/ day 
1 000 

where Wis the weight of the animal in kg (Moen 1973). 

The nitrogen of endogenous origin in the faeces, known as meta= 

bolic faecal nitrogen (MfN), arises from microbial cells, tissue 

abraded from the digestive tract, and spent enzymes. MFN is 

related to the quantity of food eaten, approximately 5 g of 
nitrogen are excreted per day per kg of dry matter intake by 

cattle and sheep (ARC 1965). If digestion inhibitors such as 

phenolics are present within the plant cells they can form 
irreversible complexes with digestive enzymes, with microbial 

proteins or ,,-Jith the protein of epithelial cells in the diges= 

tive tract, thus markedly increasing MFN (Mould and Robbins 
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1981). Since phenolics are more prevalent in browse than grass 

MFN is likely to be higher for kudus than for grazing cattle 

and sheep. Because of this the MFN estimate for deer fed on 

browse diets (7,55 g N/kg dry matter intake) reported by 

Robbins et al. (1974) is used to estimate MFN for kudus rather 

than the ARC value for cattle and sheep. 

The loss of metabolic faecal nitrogen and endogenous urinary 

nitrogen rr.ust be Teplaced by nitrogen from the diet. Protein 

requirewents for maintenance can thus be estimated as 6,25 

(MFN +EUN), assuming that the protein contains 16% nitrogen 

(Moen 19 7 3) . 

Protein is also required for the growth of hair and replacement 

of tissue abraded from the skin surface but this amounts to a 

very small proportion of total protein requirements (ARC 1965) 

so for the approximations made here it can be ignored. 

The protein requirements for pregnancy and lactation remain to 

be considered. From data given by the ARC (1965) Moen (1973) 

derived the following equation for estimating protein require= 

ments for gestation in cattle: 

y = e(-3,1206 + 0,0298 t) 

where Y is the protein requirement for gestation in grams per 

day, tis the time pregnant in days, and e is the base of 

natural logarithms. 

The formula can be modified to calculate the requirement for 

pregnancy in a wild ruminant as follows: 

Qpp = {e-3,1206 + 0,0298 (t/c)}/W 

where Qpp is the quantity of protein required in grams per day 

per kg of foetus weight at birth, and c is a conversion factor 

for the gestation period (260/280 * 0,92857 in the case of the 

kudu). Wis the birth weight of the average domestic calf in 
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kg (45 kg) (see Moen 1973). The absolute requirement is cal= 
culated by multiplying the grams per kg foetus weight by the 
birth weight of the wild ruminant (in the case of the kudu 
1 5 kg) . 

To establish the protein cost of lactation Moen estimated the 
protein requirements of the growing offsp~ing and the fraction 
of those requirements which are met by the mother's milk as 
opposed to forage. This fraction declines, as the fawn grows, 
from 100% at birth to zero at weaning. It is assumed that the 
protein in the milk is sufficient to meet the requirements of 
the offspring. If the protein content of the milk is known 
the quantity of milk produced per day to satisfy the offspring 
can be calculated. The cost to the mother in terms of protein 
of producing the required quantity of milk can then be estimated 
from data on lactation in domestic ruminants. 

Data required for these estimates include: 

(i) the growth rate of the offspring 
(ii) the protein requirement of the offspring per unit 

body weight 
(iii) the development of the rumen in the growing offspring 

(which gives an indication of the percentage of 
protein requirements that are derived from the milk) 

(iv) the protein content of the milk. 

For kudu information on these factors is lacking,but some 
estimates can be made. The birth weight and gestation period of 
the American elk is sfmilar to that of kudu and so the age-weight 
relations derived by Murie (1951), quoted by Moe~ (1973), for 
female elk are used for kudu calves: 

w = e(Z,529 + 0,385 ln t) 

where Wis the weight of the calf in kg and tis its age in days. 

Moen (1973) estimated that the protein requirements of white­
tailed deer fawns range from 3,3 to 6 ,6 grams of crude protein 
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per kg per day during the nursing period. Kutlu calves are 

larger than white tailed deer fawns (which are only 3 kg at 

birth) and so the protein requirement of kudu calves per unit 

body weight would be lower. As a rough estimate kudu calves 

are assumed to require 3 g protein per kg during the nursing 

period. 

On the basis of rumen development in growing white tailed deer 

Moen derived a linear regression relating the percentage of 

nutrients met by milk to the weight of the fawn. As noted the 

percentage declines from 100% at birth to 0% at weaning. From 

observations in the field it was evident that kudu calves seldom 

suckled after they were about 4 to 5 months old. Age at weaning 

is thus assumed to be 150 days (5 months), at which time the c~lf 

weighs 85 kg (estimated from the formula for elk given ahove) .1_ 

A linear regression relating milk dependance to weight in kudu 

is then: 

%MD = 12 1 , 5 

where %MD is the percentage of nutrients met by milk and Wis the 

weight of the calf in kg (adapted from Moen's formula). 

The protein content of kudu milk is assumed to be the same as 

that of eland (7 ,6%, Van Zyl and Wehmeyer 1970). The assumed 

duration of lactation of 5 months is shorter than Simpson's 

(1968) estimate of 6 months for kudu. The difference does not 

materially alter conclusions. 

The milk production necessary to meet the protein needs of the 

offspring can be calculated using the equation given by Moen 

(1973): 

Qmp = 

(W) (MD) (Qp f / ) 
6,25 

(0,01216) (0,85T 

where Qmp is grams milk produced per day, Wis the weight of the 

offspring in kg, MD is the fraction of the offspring rs protein 

requirements met by the milk, Qpf is the protein required by tne 
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offspring (for kudu 3 g per day per kg), 0,01216 is the nitrogen 

fraction in eland milk, and 0,85 is the net protein coefficient 

for milk, 6,25 is the protein : ·nitrogen ratio for body tissue. 

As estimated by this formula the milk production increases from 

birth as the requirements of the growing offspring increases, 

then reaches a peak and declines as an increasing proportion of 

requirements are met by forage instead of milk (see Moen 1973). 

As recommended by Moen the protein requirement for lactation by 

the mother was estimated by multiplying the nitrogen in the milk 

by 6,38 to convert it to a protein equivalent and then by 1,3 

which represents the protein cost to the mother over the protein 

in the milk alone. 

For salculatio4 of metabolic faecal nitrogen estimates are required 

of the SPasonal variation in dry matter intake. Arman and Hop= 

craft (1975) reported that eland ingested 2,6 to 3,4% of their 

body weight of pelleted ration per day. The kudu cow is assumed 

to eat 3% of her bodyweight in dry matter per day during the wet 

season, i.e. 5,4 kg. If this quantity is eaten in 8 hours feeding 

time per day (see Chapter 3) then the mean eating rate is 11 g min-1. 

On the basis of ~~nro's (1979) observations on seasonal variation 

in bite size taken by impala Owen-Smith and Novellie (1982) assumed 

that the eating rate of kudu in the dry season is 60% of that in 

the wet season. If this assumption is followed here then the 

eating rate in the dry season would be 7 g min-1. In the dry sea= 

son the kudus spent an average of 9,1 hours feeding per day so that 

at the assumed eating rate of 7 g min- 1 the dry matter intake would 

be about 3,7 kg per day. 

The eating rate and hence the amount ingested per day in the 

pre-rain flush is difficult to estimate. For calculation of 

metabolic faecal nitrogen the kudus are assumed to eat the same 

quantity per day in the pre-rain flush as in the dry season. In 

summary then, a 180 kg kudu cow is assumed to eat 5,4 kg per day 

from December to April and 3,7 kg per day from May to November. 

There is likely to be a gradual seasonal change in the quantity 

ingested per day r1ther than such an abrupt change, but in view 

of the approximate na~ure of these estimates refinements are not 

justified. 



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

205 

The protein requirements for growth and maintenance of a weaned 
calf in the late dry season (August) are also estimated. The 
calf is assumed to be 7 months old and weighing 95 kg (estimated 
from the elk growth rate equation given above). The dry matter 
intake of the calf is taken as 2,5% of body weight (2,4 kg). 
The nitrogen requirement for growth can be estimated as about 
2,5% of the gain in body weight per day (ARC 1965). From the 
elk growth rate equation the calf would be gainingabout 0,18 kg 
per day. The figure seems reasunable since the average gain per 
day of wildebeest from birth to one year is about 0,25 kg per 
day (Berry 1980). 

The seasonal cycle in protein requirements of the cow calving 
in January and the re qui reme11 ts of the weaned calf in August 
are shown in Table 37. In the late dry seasons, July to 
September, the cow is in the early stages of pregnancy, and 
the protein requirement for pregnancy makes up only a small 
proportion of total requirements. Only in the last two months 
before parturition, December and January, do the demands of the 
foetus contribute significantly to total protein requirements. 
As shown by Moen (1973) the requirements at peak lactation (for 
the kudu in mid-February) are considerably higher than at the 
late stage of pregnancy just before parturition. The total 
protein requirement of the cow is thus at its peak in mid­
February, and thereafter declines. The calving season, January 
to March, is the period of maximum biomass of potential food, 
so that peak requirements coincide with the peak availability of 
protein (see Figs. 17 and 18). 

Estimating protein intake 

The extent to which dietary protein meets requirements can now 
be estimated. From the data on diet composition (Chapter 2), 
the protein contents of the various fuod specjes (Chapter 1), and 
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TABLE 37a . ESTIMATED DAILY PROTEIN REQUIRF.MENTS OF A 180 KG KUDU COW GIVING BIR11-I TO A 15 KG CALF . 
ON 15 JANUARY (GESTATION PERIOD 260 DAYS). nm CALF IS ASSUMED TO BE WEANED IN MID 

JUNE, WEIGHING 85 KG. REQUIREMENTS ARE ESTIMATED fOR 11-IE 151H OF EACH MONTI-I, GIVEN 
IN GRAf.15 PROTEIN PER DAY. 

Maintenance Pregnancy Lactation 
Date Days 

EUN X 6,25 MFN X 6,25 Da:z:s 12regnant Protein Lactating Protein Total 

15/7 43 g 175 g 76 0,2 g 218 g 

15/8 43 g 175 g 107 0,5 g 219 g 

15/9 43 g 175 g 137 1,2 g 219 g 

15/10 43 g 175 g 168 3,2 g 2 21 g 

15/11 43 g 175 g 198 8,5 g 227 g 

15/12 43 g 255 g 229 22,9 g 321 g 

15/1 43 g 255 g Parturition 62,0 g 360 g 

15/2 43 g 255 g - - 30 121 g 419 g 

15/3 43 g 255 g - - 61 101 g 399 g 

15/4 43 g 255 g - - 91 60 g 358 g 

15/5 43 g 175 g - - 122 25 g 243 g 

15/6 43 g 1 75 g - - 152 0 218 g 

Assumed daily dry matter intake of cow: December to April 5,4 kg per day 
N May to November 3,7 kg per day 0 

°' 
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TABLE 37b 

:Maintenance 

ESTIMATED DAILY PROTEIN REQUIREMENTS OF A 95 KG WEAi\JED ;.I(UDU CALF IN THE LATE. DRY SEASON 

(AUGUST). 1HE GROW1H RATE IS ASSUMED TO BE O, 18 KG PER DAY 

Growth Total 

EUN X 6 25 z. MFN X 6z.25 

27 g 114 g 29 g 

Assumed daily dry matter intake of calf = 2, 4 kg 

170 g 

N 
0 
-...J 
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the presumed daily dry matter intakes given above it is pos= 

sible to estimate the daily intake of crude protein. In making 

these estimates it has been assumed that feeding time provides 

an accurate indication of the relative quantities of the dif= 

ferent species in the diet, in other words that there are no 

differences between the rates at which the various plant species 

are eaten. The possible effects of variations in eating rates 

on daily nutrient intake are discussed later. Monthly variations 

in the daily protein intake are compared with requirements in 

Fig. 37. 

Not all dietary nitrogen is used by the animal, a proportion 

passes out in the excreta. The true digestibility of nitrogen 

is generally between 90 and 100%. For white-tailed deer Robbins 

et al. (1974) report a true digestibility of 94%, i.e. on aver= 

age 94% of dietary nitrogen is absorbed from the digestive tract 

and 6% remains undigested, passing out in the faeces. 

The percentage of the nitrogen absorbed from the digestive tract 

that is retained by the animal (i.e. not excreted in the urine) 

is defined as the biological value (McDonald et al. 19 7 3) . The 

biological value is variable, depending on the level of protein 

in the diet, the amino acid composition and whether protein is 

catabolised to provide energy (Crampton and Harris 1969, :McDonald 

et ~l. 1973). The concentration of protein in the diet that is 

available to meet the requirements of the animal can be estimated 

by multiplying the dietary crude protein concentration by the 

true digestibility and the biological value expressed as frac= 

tions (Mould and Robbins 1981). 

For the kudus true digestibility of protein is assumed to be 

95% and the biological value 70% (as suggested by the ARC, 1965, 

for rough estimates). These values were used to convert the 

estimated daily crude protein intake to available dietary protein 
(Fig. 37). 

Fig. 37 indicates that the protein intake of a kudu cow is well 

in excess of her requirements throughout the year. The surplus 
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QUIREMENTS FOR A 180 kg KUDU COW CALVING IN 
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FAECAL NITROGEN), PREGNANCY AND LACTATION 
(FROM TABLE 37a) 
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is relatively greater in the wet season than the dry. The in= 

take of available dietary protein by a 95 kg weaned calf in the 

late dry season is estimated to be about 165 g per day. This 

is close to the estimated daily requirement of 170 g to support 

a growth rate of 0,18 kg per day (Table 37b). This suggests 

that protein deficits are more likely to occur in growing calves 

than adult cows. 

Energy requirements 

The energy requirements of the kudu cow and growing calf can be 

estimated in a similar way. The net eneYgy requirement for 

maintenance is given by the sum of expenditure for basal meta~ 

bolism and the expenditure for activity. The expenditure for 

basal metabolism jn MJ per day can be estimated from the 

standard formula of 0,293 times the body mass in kg Taised to 

the power of 0,75. The expe~diture for activity was estimated 

from the daily activity budget (Chapter 3) using the estimates 

of the energy cost of various activities given by Moen (1973). 

As discussed in Chapter 3 a complete record of the 24 h activity 

budget was not obtained. For the daylight hours activities were 

categorised as foraging, 'inactive' (which included standing, 

lying and rumination) and 'miscellaneous activities' (which 

included mostly moving; little time was spent on social inter= 

actions or play). At night it was possible to record the kudu 

only as being either 'active' or 'inactive'. The following 

assumptions were therefore made in deriving the energy cost of 

activity: 

(i) Miscellaneous activity includes only moving. 

(ii) There is no moving at night, i.e. all 'active' records 

at night were counted as foraging. This assumption is 

reasonable because, as reported by Owen-Smith (in press), 

kudus move very little at night. 
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(iii) More resting time was spent standing than lying, so 

standing is assumed to comprise 75% of 'inactive' time 

and lying 25%. The difference in energy expenditure 

between standing and lying is not great (Moen 1973) 

so errors in this assumption would be of little con= 
sequen-ce. 

The energy expended on rumination has be6n ignored but this 

would make up only a small proportion of total expenditure 

(Graham 1964). 

The energy requirement for gestation was estimated using the 

relationship derived by Moen (1973) from data given by the ARC 

(1965): 

Qep = 0 004184 {e(Z,8935 + 0,0174 !)}/45 
' C 

whe~e Qep is the energy required for pregnancy in MJ metaboli= 

zable energy per day per kg of foetus weight at term, e is the 

base of natural logarithms, tis days pregnant and c is the 

conversion factor to correct for the difference in gestation 

period between kudu and cattle (0,92857). The absolute energy 

requirement for kudu is found by multiplying the above equation 

by _the birth mass of the kudu calf (15 kg). This estimates the 

energy retained by the developing foetus and adnexa but there are 

likely to be additional costs associated with pregnancy. The 

basal metabolism is assumed to increase by 20% in the last month 

of pregnancy (ARC 1965). The extra weight carried by the preg= 

nant cow adds slightly to the cost of activity. The cow is 

estimated to weigh 190 kg one month before parturition and 200 kg 

just before parturition. 

The procedure and assumptions for estimating energy requirements 

for lactation are similar to those described for protein above 

(see Moen 1973). The estimates for percentage dependence on milk 

and growth rate are as given above. Moen quotes Nordan, Cowan 

and Wood (1970) as finding that the energy requirements of black 

tailed deer fawns are about 2,1 times basal metabolism, and the 
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The quantity of milk produced by the kudu cow to meet the 

energy requirements of the calf was then calculated from these 

data using the formula given by Moen (1973): 

where Qmp is milk production in grams per day based on energy 

requirements of the offspring, Wis the mass of the offspring 

in kg (growing as predicted by the elk-formula), MD is the 

fraction of the offspring's requirements met by the milk as 

opposed to forage, Enet is the net energy coefficient of milk 

(0 1 8) and GE is the energy in milk. The energy cost to the 

mother of producing the required quantity of milk can be esti= 

mated as 1 ,6 times the energy contained in the milk (Moen 1973). 

As noted, the calf is estim2ted to be weaned at five months old 

at a weight of 85 kg. The change in milk production from birth 

to weaning is thus similar to that described above for protein. 

The energy in the milk is estimated as 6,4 kJ g-1, assuming 

that the composition of kudu milk is the same as ·that of eland 

(Van Zyl and Wehmeyer 1970). The energy value of the milk was 

derived from the formula: energy kJ = 0,3817 (% fat) + 0,2455 

(%protein)+ 0,1655 (% lactose) (from Sadleir 1980). 

The estimated energy expenditure for maintenance is shown in 

Table 38. Adult kudu cows spend very little time on the more 

strenuous activities such as running and playing, and the 

activity which accounts for much the greatest part of energy 

expenditure is foraging. Year round the energy expenditure 

for maintenance averages just over 1 ,4 times the basal metabolism. 

Because of the seasonal variation in the activity budget energy 

expenditure for activity varies seasonally, expenditure is loweT 

in the wet season than in spring or the dry season. However the 

magnitude of the seasonal difference is not great. Although 
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TABLE 38 ESTIMATES OF TI-IE ENERGY COSTS OF MAINTENANCE (BASAL METABOLISM PLUS ACTIVITY) 
FOR A 180 KG KUDU COW. TI-IE ENERGY EXPENDI1URE ON EACH ACTIVITY IS GIVEN IN ~U 

ABOVE BASAL METABOLISM, ESTIMATED FRQ\1 DATA PRESENTED BY MOEN (1973) 

Dry Season Pre-rain Flush Wet Season 
(1976 & 1977 combined) 

Activity Hours per Energy Hours per Energy Hours per Energy 
day MJ per day day MJ per day day MJ per day 

Bas~l metabolism 24 14,4 24 14,4 24 14,4 
Foraging 12,5 5, 1 12,5 5, 1 10,6 4,3 
Standing 8,2 0,5 8,3 0,5 9,2 0,6 
Lying 2,7 0 2,8 0 3,0 0 
Walking* 0,6 0,4 0,5 0,3 1 ,2 0,8 
Total daily energy for maintenance 20,4 20,3 20, 1 
Total as a multiple of basal 1,42 1 ,41 1,39 

*All walking is assumed to be on level ground at a speed of 2km h-l 

N .._. 
v-1 



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

214 

foraging time per day decreased from the dry season to the wet 

more time was spent walking in the wet season. This is partly 

the reason for the lack of marked difference between the 

seasons in energy expenditure, but even if walking is disregarded 

seasonal differences are not great. 

The energy intake per day will be estimated in terms of metabo= 

lizable energy, and so requirements must be expressed in the 

same way. The requirements in Table 38 &re for net energy 

(metabolizable energy minus the heat increment, Crampton and 

Harris 1969). According to the ARC (1965) the efficiency of 

utilization of metabolizable energy for maintenance and mus= 

cular work is about 68% for good all-roughage rations with an 

energy content of about 8,4 MJ per kg. The energy expenditure 

for maintenance was therefore converted to requirements for 

metabolizable energy assuming an efficiency of utilization of 

70%. For roughage diets the efficiency of utilization of meta= 

bolizable energy for lactation is about 66% (ARC 1965), so this 

value was used here to convert net energy requirements for lac= 

tation (calculated from the formela given above) to metaboliza= 

ble energy. For pregnancy the above formula derived by Moen 

gives requirements in terms of metabolizable energy (assuming 

an efficiency of utilization of 40%, see ARC 1965) so no adjust= 

ment is necessary. Seasonal changes in requirements for metabo= 

lizable energy of the 180 kg cow calving in January are shown 

in Table 39. The pattern of seasonal variation is the same as 

described for protein, with highest requirements occurring in 

February at peak lactation. 

Estimating energy intake 

A gross energy determination of a forage gives no indication of 

its nutritional value because a l~rge part of the energy measured 

is obtained by oxidising compounds which cannot be digested or 

metabolized by the animal. Direct determin~tion of metabolizable 
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TABLE 39 ESTIMATED REQUIREMENfS IN MJ DAY-1 FOR METABOLIZABLE ENERGY FOR A 180 KG KUDU COW 
CALVING ON 15 JMTUARY 

July Aug. Se:et. Oct. Nov. Dec. Jan. Feb. Mar. A:er. May June 
Maintenance 29,2 29,2 29,2 29,2 29, 1 33,0* 33,4+ 28,7·~ 28,7 28,7 29,2 29,2 (Basal Metabolism & Activity) ., 

Pregnancy 0, 1 0,2 0,3 0,6 1 , 0 1 ,8 3,3 

Lactation - - - - - - - 18.7 13 ,2 5,4 4,3 

Total 29,3 29,4 29,5 29,7 30, 1 34,8 36,7 47,4 41,9 34, 1 33,5 29,2 

*Basal 1netabolism assumed to increase by 20% in last month of pregnancy. Nlass of cow in December 
assumed ot be 190 kg. 

+Ivlass of cow just before parturition assumed to be 200 kg. 

·.) 

~ 

V1 



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

216 

or net energy through trials is time consuming and costly, and 
therefore attempts have been made to derive predictive equations 
relating energy values of forages to the concentrations of 
various chemical components (Stallcup et al. 1976). The latter 
study tested the accuracy of predictive equations for a number 
of feeds. No regressions were found which would be of value in 
predicting the energy contents of forages in general - different 
kinds of forages require separate equations. 

Since there is a general correlation between the energy value of 
a forage and its crude protein content it is reasonable to 
derive a predictive equation relating the two nutrients. Cramp= 
ton and Harris (1969) give tables showing the nutrient contents 
of lucerne, Medicago sativa, at different stages in the growth 
cycle. The following regression was derived from the data in 
these tables (see Fig. 38): 

Y = 9,025 + 0,092X, R2 = 0,42 

where Xis the per cent crudd protein and Y is the digestible 
energy content i11 MJ kg-l dry matter. This equation derived 
from lucerne data is used in preference to others reported in 
the literature (e.g. Stallcup et al. 1976, Anon. 1975) because 
it is more likely to reflect the protein: energy ratio of 
browse than would an equation derived for other forages. Using 
this regression the digestible energy content of the diet was 
estimated from the protein content. The metabolizable energy 
content was estimated as 0,82 times the digestible energy con= 
tent (Crampton and Harris 1969). 

The daily intake of metabolizable energy was then estimated for 
the 180 kg kudu cow, assuming that daily intake of dry matter 
was the same as discussed above for protein requirements. Intake 
of metabolizable energy is the same as or slightly higher than 
requirements in the dry season and at peak lactation in February 
(Fig. 39). For the remainder of the year estimated intake is 
considerably higher than requirements. 
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FIG. 39 ESTIMATED DAILY INTAKE OF METABOLIZABLE ENERGY COMPARED 
WITH TOTAL DAILY REQUIREMENTS FOR A 180 kg KUDU COW 
CALVING IN JANUARY. REQUIREMENTS ARE FOR MAINTENANCE 
(BASAL METABOLISM PLUS ACTIVITY), PREGNANCY AND 
LACTATION 
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For the 95 kg weaned kudu calf growing at 0,18 kg per day in 
the late dry season requirements for maintenance are estimated 
at 17,4 MJ metabolizable energy per day. The energy value for 
gain in young growing cattle is 14,7 MJ per kg and the effi= 
ciency of utilization of metabolizable energy for gain is about 
40% (ARC 1965). For the kudu calf requirements for the daily 
gain in terms of metabolizable energy can then be estimated as 
6,6 MJ, and the total requirement is then 24,0 MJ per day. If 
the ca 1 { e at s 2 , 5 per cent of i ts body we i gh t in dry matter p e r 
day then the estimated intake of metabolizable energy is 19,9 MJ 
which is less than requirements for growth but sufficient for 
maintenance. 

Phosphorus requirements 

From tables given by Crampton and Harris (1969) the ~atios of 
daily phosphorus to protein requirements for domestic cattle 
were calculated for: 

(i) non-reproductive adult cows 

(ii) pregnant cows 

(iii) lactating cows, and 

(iv) growing calves. 

Using these ratios the daily requirements of kudus for phosphorus 
were derived from the estimated requirements for protein dis= 
cussed above. Phosphorus requirements for the cow calving in 
January and the growing calf in the late dry season are shown 
in Table 40. 

Daily intake of phosphorus was estimated from the phosphorus 
contents of the food plants (Chapter 1) and the diet composition 
in the same way as described above for protein intake. Phos= 
phorus intake and requirements are compared in Table 40. Intake 
is in most cases in excess of requirements, except for the cow 
at peak lactation. Le~ dietary intake of phosphorus is sometimes 
associated with low milk yield in dairy cows (ARC 1965). 
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TABLE 40' ESTIMATED PHOSPHORUS REQUIREMEi\JTS COMPARED WI1H 

PHOSPHORUS INTAKE FOR A 180 KG KUDU COW CALVING 

IN JANUARY, AND A 95 KG WEANED KUDU CALF 

Cow August (107 days 
pregnant) 

Cow January (parturition) 

Cow February (peak lactation) 

Calf August 

Phosphorus 
Requirements g/day 

7 

10 

17 

5 

Phosphorus 
Intake g/day 

10 

16 

16 

7 
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However this does not necessarily imply that the apparently 
low phosphorus intake of the lactating kudu cow would limit 
milk production. Particularly during lactation domestic 

ruminants liberate phosphorus and calci~m from the bones. 
Since phosphorus intake is evidently adequate for the kudu 
cow over most of the year phosphorus in the bones could be 

mobilized to meet the extra requirements at peak lactation. 

Pope (1971) recommended a minimum dietary concentration of 
0,16 per cent phosphorus for sheep. It is noteworthy that the 
leaf phosphorus contents of all woody species analysed, except 

Securinega virosa, declined below this value at some time during 
the year (Table 17). However the phosphorus contents of £orb 

leaves were much higher than most woody plants, seld0m declini~g 
below 0,2 per cent of dry matter at any time of the year 

(Fig. 12). 

Calcium requirements 

The calcium content of browse is generally higher than that of 

grass, and the calcium: phosphorus ratio tends to he higher for 
browse than for grass (Roth and Osterberg 1971, Dougall et al. 

1964). Lauw (1969) suggested that a calcium content of about 

0,22 - 0,46% is adequate for optimal production of domestic 

livestock. The calcium contents of browse plants analysed in 

this study are all very much higher than this (1,3 - 3,8% see 

Table 19) so a deficiency of calcium for kudus seems very un= 
likely. It is interesting that the calcium: phosphorus ratio 

of browse is very much higher than the values of 1: 1 to 2: 1 
generally recommended for domestic livestock (Table 19). However 
evidence suggests that domestic ruminants can tolerate much 

·higher ratios than those usually recommended (Du Toi t et al. 

1940, McDonald et al. 1973). 
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Water requirements 

Taylor (1968) estimated the minimum total water requirements 

(including metabolic water) of eland to be 3,74% of body weight 

at a constant environmental temperature of 22°c, and 5,48% with 

12 hat 22°c and 12 hat 40°C. These values are assumed to 

hold for kudu. The metabolic water obtained by a 180 kg kudu 

cow can be estimated roughly as 1 litre (from Taylor's (1969) 

data on eland), and this is subtracted from the total require= 

ment to give required daily intake of drinking water plus 

preforraed water from the food. The water requirements of a 

180 kg cow are shown in Table 41. The wet season values in 

Table 41 include an estimate of extra water required at peak 

lactation. Assuming that the energy content of kudu milk is 

the same as that of eland (see above) about 1,2 litres of milk 

would be required at peak lactation to meet the daily energy require: 

ments of the calf. According to the ARC (1965) 0,87 litres of 

water are required per litre of milk produced, so that the water 

requirement at peak lactation would be 1,04 litres. 

The intake of water from the food was estimated from the moisture 

contents of the various food species (Chapter 1). The assumed 

quantity of food ingested in each season is as described above 

under protein requirements. As a result of the greater heat 

load and the demands for lactation water requirements are much 

higher in the wet season than in the dry season. In spite of 

this, however, the water obtained from the diet appears adequate 

to meet requirements in wet se~son, and probably also in the 

pre-rain flush, but not in the dry season (Table 41). This 

result suggests that the kudus would have no need for surface 

water except during the dry season. 

It was evident in the field that kudus could go for several days 

without drinking; even in the dry season cow groups were sometimes 

contacted on up to four consecutive days, during which time they 

remained away from surface water. They did make occasional trips 

to the Nwaswitsontso River to drink in the dry season but the 

exact frequency of this is unknown. In summer they were observed 
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TABLE 41 ESTil\1ATED WATER REQUIREMENTS OF A 180 KG KUDU COW 

COMPARED WITI-I WATER OBTAINED FROM TI-IE FOOD 

Estimated .e/day Obtained 
SEASON Requirement .e/day from food 

Dry Season 5,7* 4,3 

Pre-rain Flush 5,7* - 8 g+ 
' 

8,4 

Wet Season 8 g+ 
' 

- 9 gX 
' 13,5 

Estimated requirements of the kudu cow are asswned to be the same as 

for eland (Taylor 1968). 

*Estimated assuming a constant temperature of 22°C 

+Estimated assuming 12 hours at 40°C and 12 hours at 22°C 

xAs above but including water requirements for milk production at peak 

lactation 
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drinking from pools of rainwater or from pools in the Nkongwana 
drainage line. The high intake of water from the food in summer 
is largely due to the high proportion of £orbs in the diet; the 
average moisture content of £orb leaves in the wet seasoa was 
76%, considerably higher than that of woody plant leaves. 

It seems that the kudus could be independent of surface water 
in the wet season and would drink only if water is readily 
available. Unless they specifically select food with a higher 
water content than the 'average' values measured (see Chapter 1) 

it would seem that surface water is obligatory in the dry season. 

DISCUSSIOi'-J : NUTRIENT REQUIREMENTS IN RELATION TO INTAKE 

The preceding results indicate no serious deficiency of protein, 
phosphorus or energy for ad1.~lt female. kudus at any stage during 
the study period. In the dry season the water content of the 
diet appears insufficient to meet the total requirement for 
water but the deficit could be easily made up by drinking sur= 
face water. Relatively low energy intake may restrict the 
growth rate of weaned calves in the late dry season to below 
their physiological maximum. However the estimated energy 
intake of the weaned calves in the dry season is in excess of 
their maintenance requirement, and more abw1dant food the fol= 
lowing wet season would allow growth to be made up. Thus the 
growth rate of the calves in the late dry season would be at 
most temporarily retarded. The kudu population was increasing 
during the study period and preceding years (Owen-Smith 1979), 

which shows that conditions were favourable. The above indica= 
tion that nutrient requirements were relatively easily met is 
in accord with this. However even in the favourable years the 

kudus in the study area lost condition and became thinner in the 
late dry season (Owen-Smith pers. comm., personal observation), 
especially the older animals. This suggests that the above ~alcu= 
lations have overestimated nutrient intakes. 
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The estimated daily nutrient intakes contain numerous potential 
sources of error, possibly the most serious being that eating 
rates, and hence daily dry matter intake, could not be measured. 
It is therefore possible that the daily quantities of food eaten 
were overestimated. There are also reasons for believing that 
the concentrations of usable nutrients in the diet were over= 
estimated. In calculating the dietary nutrient contents it was 

assumed that the kudus eat only leaves, whereas in fact they 
accept an unknown proportion of shoot ends with the leaves. 
Shoot ends are usually more lignified than the leaves and their 
nutrient contents would be lower. Also the foliage of the 
unarmed woody species can probably be eaten faster by kudus 
than that of the armed species. The unarmed species would then 
comprise a relatively greater fraction of the diet than indicated 
by the proportion of feeding time spent on them. Since the un= 
armed species averaged lower in protein content than armed 
species (Chapter 2) the error would lead to an overestimate of 
dietary nutrient content. Thirdly the digestibility reducing 
effect of plant secondary cor:1pounds have not been considered. 
Mention has been made of the fact the phenolics can increase the 
loss of endogenous nitrogen in the faeces by forming complexes 
with digestive enzymes, protein from the digestive tract and 
microbial protein. These compounds also complex with dietary 
proteins thus reducing the digestible fraction of ingested 
protein (Cates and Rhoades 1977). 

The estimated energy intake by kudus is relatively closer to 
requirements than is the case for protein and phosphorus. This 
is in accord with Owen-Smith's (in press) observation that be= 
cause of the high protein content of browse it seems unlikely 

that browsers would fail to achieve sufficient protein intake, 
and energy is more likely to be the major limiting nutrient. 
The intake of protein seems greatly in excess of requirements 
but, as noted, this depends on the digestibility reducing effect 
of plant secondary compounds. 

The above estimates indicate two seasons when adult female kudus 
could experience nutrient deficiencies under conditions of food 
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scarcity. Firstly the estimated energy intake is closest to 

the maintenance requirement of the female in the late dry 

season, apparently even under the good conditions which pre= 

vailed during the study period. The second critical period 

occurs at the time of peak lactation in the mid-wet season, 

when requirements for energy and phosphorus are again close to 

estimated intake. 

It has so far been implied that there is a specific quantity of 

milk required for the growth and maintenance of the calf. More 

accurately the fitness of the calf is dependent on the quantity 

and quality of the milk it receives, and even a small reduction 

in the nutrient intake of the calf could influence its growth 

rate and vulnerability to predators and parasites. Owen-Smith's 

(unpublished) records do in fact suggest a relationship between 

food availability and calf survival in kudus. There were con= 

sistent increases in the population each year from 1974 to 1978 

but in 1979, after the first year of below average rainfall, the 

population declined by about 10%. This was associated with a 

drop in calf survival from 52-ssi over previous yearsto 25%. 

However whether or not the cow experiences critical nutrient defi= 

ciencies during the periods of peak lactation or the late dry 

season depends on the extent to which nutrients could be stored 

during those seasons when intake exceeds requirements. When 

the· diet is insufficient tissue can be catabolized to provide 

protein, phosphorus can be liberated from the skeleton, and fat 

reserves can provide energy. Critical nutrient deficits would 

only occur if overall conditions deteriorated to the extent that 

accumulated reserves in favourable seasons were insufficient to 

cover the deficits in the unfavourable seasons. The energy 

intake of the kudu cow over the early wet season appears to 

considerably exceed requirements and it is possible that she 

could accumulate fat reserves over this period to be used 

at peak lactation. 

Signs of weight loss by the kudus ·dere noted only in August and 

early September. As discussed in Chapter 1 some woody plants 

begin leaf production in mid-September irrespective of whether 
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rain arrives. The approximations made above suggest that even 

if total daily food intake is assumed to remain the same in the 

pre-rain flush as in the late dry season the nutrient content of 
the flushing leaves is so high that intake seems greatly in ex= 

cess of requirements for all nutrients analysed. Despite the 
late arrival of the rain in both study years no mortality occurred, 

and the pre-rain flush was sufficient to carry the population from 

the middle of September to November. The start of the pre-rain 

flush thus seems likely to mean the end of the critical period of 
inadequate energy intake. A combination of circumstances that 

might cause mortality among adult kudus is delayed rain together 
with a reduced or retarded pre-rain flush. The abundance of the 

pre-rain flush is likely to depend on the quantity of reserves of 
moisture and nutrients sorted by the woody plants during previous 
seasons, and a number of successive dry years might lead to <le= 
pletion 0£ these reserves. 

In summary, the preceding estimates permit only a tentative con= 

clusion that the intake of protein, energy and phosphorus by 
kudus during the study period was sufficient to meet their re= 

quirements. Data needed for more reliable assessment of ti1e nu= 

tritional status of the kudus can now be considered. 

Estimation of the nutrient requirements of kudus from data on 

cervids and domestic bovids is unsatisfactory because digestive 

and metabolic capabilities can vary between species (Mould and 

Robbins 1981, 1982). Extrapolation from one species to another 

adapted to a widely different environment could be misleading. 
Hore information is needed on the nutrient requirements of' 

African wild ruminants, the following aspects in particular 
deserving attention: 

(i) Maintenance requirements of adults for energy, protein, 
phosphorus and other nutrients. 

(ii) Nutrient requirements of females during pregnancy - the 
relationships between female nutrition during pregnancy 
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and the survival chances of her offspring (see Thorne, 

Dean and Hepworth 1976, Robbins and Moen 1975a). 

(iii) Nutrient requirements for growth in young animals - the 

change in the relative contribution of milk as opposed 

to forage to meeting the calf's requirements from birth 

to we an in g (Robb ins and Moen 1 9 7 5 b) . 

(iv) The nutrient cost to the female of producing the required 

quantity of milk. 

(v) Nutrient costs of parasite infestation - the relationship 

between nutrient intake and the capacity of the animal 

to maintain immunity towards pathogens. 

As already indicated an impoLtant difficulty experienced in the 

present study was that the average rate at which the kudus ingest 

each dietary component could not be measured. Estimates of dry 

weight eaten per unit feeding time are necessary to convert 

feeding time spent on each food type to dry weight eaten, and 

to calculate daily dry matter intake from the total daily feeding 

time. Another difficulty was that observation distances were 

too great to determine selection among plant species growing in 

the herb layer or to estimate the relative contribution of di£= 

ferent plant parts to the diet. The average leaf nutrient con= 

tents of £orbs and woody plants used in estimating nutrient in= 

take provide only a rough indication of diet quality and, as 

discussed above, are likely to overestimate the actual nutrient 

concentration of the diet. 

These difficulties can only be overcome by studying food selection 

in tamed kudus. If the animals were sufficiently tame to allow 

frequent handling the most accurate results could be obtained by 

means of oesophageal fistulation, which would allow measurement 

to eating rate (Trudell and White 1981), and analysis of the nutrient 

content of the ingested material. Alternatively eating ~ates of 

the tame animals could be estimated by counting the rate of bites 

and duplicating by hand the amount of the different vegetation 

components taken per bite (e.g. Deschamps, Urness and Austin 1979, 
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Pellew in prep.). The relative quantities of shoots and leaves 

accepted could also be determined in this way. The nutrient 

content of the ingested food could be estimated by hand col= 

lecting vegetation components in the same proportions as they 

occur in the animals' diet and subjecting this simulated diet 

to analysis for chemical composition (Pellew in prep.). Another 

approach could be to analyse the nutrient contents of indivudual 

food types and to calculate overall nutrient content of the diet 

according to the relative proportion of each type in the diet• 

A potential problem in using tamed animals is that food habits 

depend partly on experience and learning (Leuthold 1971, Frost 

1981) and food selection by hand-reared animals may differ from 

wild ones. Comparisons of food selection between tamed and wild 

animals would be necessary to assess the reliability of the method. 

In addition, information is required on the fraction of ingested 

nutrients that are physiologically available to meet the animals' 

requirements, as well as the rate of digestive assimilation of 

the available nutrients. Of particular ~mportance is the extent 

to which nutrients are rendered unavailable to the animal by 

plant defensive chemicals. The digestibility and energy content 

of the diet can be determined by conventional in vivo digestion 

trials, but these are expensive and require impractically large 

quantities of forage (Palmer and Cowan 1980). Digestibility and 

energy content are therefore frequently predicted from equations 

developed b~ comparison of food chemical composition and in vivo 

digestibility (e.g. Stallcup et al. 1976) or alternatively 

derived from in vitro trials provided relationships between in vivo 

and in vitro digestibilities is known (Palmer and Cowan 1980, 

}.1ould and Robbins 1982). 

Nutrient requirements need not be met entirely by dietary nutrients; 

as indicated above stored reserves can make an important contribu= 

tion in unfavourable seasons. For assessment of year-round 

nutritional status it would be necessary to estimate the animals' 

capacity to accumulate reserves in favourable seasons, and also 
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the extent to which these are used to meet requirements in 

unfavourable seasons. 

A considerable number of factors need to be measured in order 

to estimate nutrient intake in relation to requirements. Never= 

theless methods of obtaining these measurements need to be 

developed and refined, since this is important for determining 

the likely effect of food as a factor limiting wild ungulate 

populations, and also for nutrition-based estim&tes of ~arrying 

capacity (Moen 1973). Moen's basic framework for modeling 

carrying capacity involves relating the nutrient requirements of 

the animals to the supply of nutrients available in the habitat. 

Two studies have used the considerable information on nutrient 

requirements of cervids to calculate carrying capacities accor= 

ding to this model (Wallmo, Carpenter, Regelin, Gill and Baker 

1977; Hobbs, Baker, Ellis, Swift and Green 1982). Hobbs et al. 

(1982) showed that relatively small errors in estimation of nutrient 

requirements or the quantity of nutrients available in the habitat 

can result in large variations in estimates of carrying capacity. 

Clearly a close understanding of the interrelationships b2tween 

habitat characteristics, nutrient intake rates, and animal fit= 

ness is required before meaningful estimates of carrying capacity 

are possible. 
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CONCLUSIONS 

The aim of the present study was to investigate aspects of the 

feeding ecology of kudus that might have a bearing on their 

population performance. If the measurements assessed in this 

study can in fact provide a sensitive reflection of the quantity 

and quality of available food, they could be used to monitor 

long-te~m changes in the nutritional status of the kudu popula= 

tion. Such monitoring may eventually be useful for determining 

the levels of food availability at which the kudu population is 

likely to decline. It remains, finally, to evaluate the potential 

usefulness of the estimates of abundance and nutritional value of 

potential food, and the index of accepted food abundance. 

The sensitivity of the indices of accepted food abundance and 

food intake rate while foraging was evaluated by comparing them 

with seasonal and between-habitat variations in potential food 

abundance. The results confirmed Owen-Smith's (1979) finding 

that the index of food intake rate while foraging did not closely 

reflect seasonal variations in food abundance. On the whole the 

index of accepted food abundance and the estimates of potential 

food abundance showed similar patterns of variation between sea= 

sons and habitat subdivisions, but two major discrepancies between 

them were noted. The first was that the magnitude of seasonal 

variation in the index of accepted food abundance was less than 

that of potential food abundance,which suggests that the kudus 

accepted a greater fraction of potential food in the dry season 

than in the wet season. This indication was supported by observa= 

tions on diet composition: There were some woody species that 

were accepted in the dry seasons but rejected in the wet season 

(Chapter 3). The tendency to expand the diet when the abundance 

of favoured food types declines is in accord with the predictions 

of optimal foraging models (see Owen-Smith and Novellie 1982). 
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But, as discussed in Chapter 3, the index probably underestimated 

seasonal variations in dry weight of food accepted per unit dis= 

tance moved while foraging because of the likely decline in 

eating rate from the wet season to the dry. Thus estimates of 

eating rates are required before the true seasonal variation in 

the fraction of potential food that is accepted could be deter= 

mined. 

The second major discrepancy between the index of accepted food 

abundance and potential food abundance was observed in both dry 

seasons of the study period when comparing the hill slope and 

pediment. The index of accepted food abundance showed higher 

values for the slopes than the pediment whereas potential food 

abundance did not differ between the two habitat subdivisions. 

The difference was evidently due to the higher acceptance of the 

woody plants on the slopes than those on the pediment. Again this 

was supported by the observations on food selection: During the 

dry seasons the kudus favoured the dominant woody species on the 

slo~es (Combretum apiculatum) to a much greater extent than the 

dominant species on the pediment. 

The mid-summer fire offered the opportunity to compare potential 

and accepted food abundance between burnt and unburnt regions. 

The fire caused the kudus to leave the burnt areas, but they 

returned within three months once the vegetation had recovered. 

After their return there were no marked differences between 

burnt and unburnt regions in either potential or accepted food 

abundance that could be attributed to the fire. However, the 

£orb leaves which grew on the burn after the fire had a lower 

average nutrient content than the unburnt £orb leaves, a difference 

possibly caused by the fire. This difference in £orb nutrient con= 

tent may have been the reason why the acceptance of £orbs on the 

burnt regions by kudus was slightly lower than that of the unburnt 

regions. 

Thus the index of accepted food abundance generally corresponded 

with estimates of potential food abundance, but where discrepancies 
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between the two occurred supporting evidence indicated that these 

were due at least in part to differences in the fraction of paten= 

tial food that was accepted. Therefore although the index may 

have been distorted by variations in eating rate it ~as success= 

ful in detecting the main seasonal and between-habitat diffe= 

rences in accepted food abundance. There is reason for confidence 

then, that the index could be used to monitor long-term changes 

in food abundance as experienced by the kudus. However because 

the eating rate is likely to decrease with declining fo0d avail= 

ability the index may underestimate the true magnitude of a de~ 

cline in food abundance, such as might occur under drought con= 

ditions. The reliability of the index would therefore be increased 

if it were accompanied by measurements of eating rates. 

The index of accepted food abundance alone gives no indi~ation of 

the nutritional value of the diet. As discussed in Chapter 4, the 

average nutritional value of potential food does not provide a 

reliable measure of dietary nutrient content, but it can serve 

as a general index of food quality. The estimates of potential 

food abundance and leaf nutrient contents made in the present 

study provide a reflection of habitat conditions during the 

favourable period of the late 1970's when the kudu population 

was expanding. Comparison with future data obtained during a 

population decline phase could reveal the extent to which popula= 
') 

tion changes are associated with habitat changes. 

An in~ortant aspect of the study was the identification of staple 

and favoured dietary components, because the abundance of these 

is likely to have a more important effect on kudu population 

dynamics than total potential food abundance. Favoured and 

avoided woody species were identified (Chapter 2), but further 

observations are needed to determine the most important food 

plants in the herb layer. 

A feature of the diet composition of kudus at the Nwamuriwa study 

area was the predictable seasonal change, certain plant species 

regularly increased in prominence in the diet during specific 

seasons. In part this seasonal change was related to the diff~= 

Yences ~mong the various plant species in phenology. There were 
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differences among woody species in the time of commencement of 

leaf production in the early growing season, and also in the 

extent of leaf loss in the dry ~eason. This meant that the 

relative differences between woody species in leaf abundance 

and nutritional value varied over the seasonal cycle according 

to a fairly consistent pattern. Thus the early flushing woody 

species such as Acacia nigrescens, and Combretum hereroense 

offered high quality food when little else was available, and 

therefore comprised a large proportion of the kudus' diet in 

the early growing season (September to November). Later flushing 

species such as Securinega virosa and Dichrostachys cinerea 

tended to increase in importance in the diet later in the season 

(December to March). The seasonal differences in the relative 

contribution of £orbs and woody plants to the diet was also rela= 

ted to the difference between them in phenology: The low accep= 

tance of £orbs in the early growing season was the result of their 

tendency to flush later than the woody plants. 

On the other hand the variation over the seasons in the relative 

contribution of armed and unarmed woody species to the diet could 

not be traced to variations in relative nutrient content or abun= 

dance. Armed species averaged higher in leaf protein content than 

unarmed species throughout the year. There was no general diffe= 

rence between armed and unarmed species in the magnitude of sea= 

sonal variation in leaf abundance, so that the relative quanti= 

ties of each available to the kudus did not vary much between 

seasons. Thus neither nutrient content nor relative availability 

could account for the dry season increase in the contribution of 

unarmed species to the diet. Although other explanations of the 

change in diet are possible the hypothesis that the inhibiting 

effect of thorns is relatively greater in the dry season than the 

wet seems the most plausible. The influence of the thorns would 

also account for the observation that the selectivity ratings of 

the various food species were significantly correlated with their 

nutrient contents in the wet season (when the high quality unarmed 

species were preferred) but not in the dry season (when the lower 

quality una!'med species were favoured). To test this hypothesis 

observations 3re required on the effects of structural defences 

on the rate at which browse can be harvested by kudus, as well as 
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the way in which this is modified by changes in shoot age and 

leaf density. 

The methods used in this study had certain limitations and the 
following refinements could be introduced in future studies: 

(i) Improved estimates of woody plant leaf biomass. The 
frame method used to determine le~£ weight per unit 

canopy volume yeilded overestimates for some species. 
Detection and correction of the bias proved laborious 
and could be done only for the dominant woody species 
in the study area. The leaf biomass estimates are 

therefore more reliable for Aca~ia nigrescens and 

Combretum apiculatum than fo~ the other species. As 
discussed in Chapter 1 in1proved methods of biomass esti== 
mation for woody plants would be valuable. 

(ii) Estimates of the abundance of leaves and shoots at diffe== 
rent growth stages. In this study leaf abundance of 

woody plants was categorized by species, and each species 
was regarded as having a certain characteristic average 

nutrient content. This does not consider the within­
species,variation in nutrient content between leaves and 
shoots of different ages. To provide a more realistic 
indication of the array of food types available browse 
biomass could be categorized by plant part (leaves and 

shoot ends) and by growth stages (e.g. new, mature and 
falling leaves) as well as by species. 

(iii) Additional analyses of nutritional value. The cnalyses 
of leaf protein content gave a rough indication of rela== 

tive nutritional value, but to further evaluate the fac== 
tors underlying diet selection it would be necessary to 
analyse for contents of plant secondary chemicals and also 
digestible energy content. The latter is important because 
the results of Chapter 4 suggest that energy is more 
likely to be a limiting nutrient for kudus than protein. 
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(iv) Identification and survey of vegetation subcommunities 

within the study area. The availability of different 

food types as experienced by the kudus depends on the 

proportion of foraging time they spend in the various 

vegetation subcommunities. This needs to be taken into 

account in calculating selectivity ratings. The study 

area was divided into broad subcommunities (Chapter 2), 

but further surveys aimed at identifying finer scale 

vegetation subcommunities of relevance to the kurtus are 

required. 

(v) Statistical tests of the selectivity ratings. The methods 

used in this study to test the statistical reliability of 

the selectivity ratings had two drawbacks: Firstly s0rne 

of the assumptions made in applying the analyses of Neu 

et al. (1974) were unrealistic for the data (see Chapter 2) 

and secondly sampling errors in the estimates of food 

availability were not taken into account (i.e. it was 

assumed that availability was measured without error). 

Alternative approaches to assessing the reliability of 

utilization-availability data (Johnson 1980, Hobbs and 

Bowden 1982) require independent, replicated samples of 

diet composition which could not be obtained in this study. 

Sampling procedures and methods of statistical analysis of 

selectivity ratings suitable for the kudu study need to be 

developed. 

(vi) Estimation of dry matter intake per unit feeding time. 

It would be difficult to measure eating rates for free­

ranging kudus at Nwamuriwa, but work on captive animals, 

using the method of Dunham (1980), could determine the 

rate at which food is harvested from the most important 

food plants. As noted, this would be necessary to test 

the hypothesis put forward to explain the seasonal varia= 

tion in acceptance of armed and unarmed woody species. 
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Data requirement~ for determining the nutritional status of the 
kudu population were identified in Chapter 4. This information 
would allow direct assessment of whether the population is likely 
to be limited by its food supply. The data needed for such an 
evaluation would be time consuming and expensive to obtain, and 
it would not be practical to monitor nutrient intake rate of the 
kudu population over long periods. The approach evaluated in this 
study, 11sing the index of accepted food abundance supported by 
estimates of the nutrient content and abundance of potentially 
available food, offers a feasible means of determining the 
importar-ce of the food supply as a population limiting factor. 
It remains for future research to reveal whether long-term varia= 
tions in these indices are in fact associated with variations in 
the perf0rm2nce of the ku<lu population. 
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SUMMARY 

The feeding ecology of kudus was investigated with the aim of 

developing and assessing indices of their nutritional status. 

Aspects measured were (i) an index of potential food abundance, 

given by the biomass of £orb and woody plant leaves per unit 

grow1d area (ii) the nutritional value of potential food 

(protein, phosphorus and water contents) (iii) an index of 

accepted food abundance, given by the feeding time achieved per 

unit distance moved while foraging (iv) an index of food in= 

take rate, given by the proportion of foraging time spent 

feeding (v) diet composition (vi) differences among food 

plants in acceptance, assessed by comparing the proportion of 

each in the kudus' diet with its relative availability in the 

habitat. 

Potential food abundance was highest in the late wet season 

(February-March) at 60 g dry weight per w2
, and lowest in the 

late dry season (August-September) at 12 g per m2
• The nutrient 

content of potential food was highest in the early growing sea= 

son (September to November) and lowest fr0m June to August. 

Thc-kudus generally favoured £orbs over woody plants. Forbs 

comprised about 65 per cent of the diet during most of the year, 

but declined to below 20 per cent in the early growing season. 

At this time the woody plants Acacia nigrescens ~nd Combretum 

hereroense made up the major part of the kudus' diet. These two 

species constituted an important food resource as they began 

leaf production early, thus offering high quality food when 

little else was available. The third dietary staple among the 

woody plants was Combretum apiculatum which was favoured in the 

dry season. Rarely accepted woody plants were Acacia tortilis, 

Cissus lonicerifolia, Dombeya rotundifolia, Pterocarpus rotundifo= 

liu~, Grewia monticola, Peltophorum africanum and Euclea divinorum. 
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The acceptance ranks of the various food types were positively 
correlated with their leaf protein, phosphorus and water con= 
tents in the wet season, suggesting that the kudus selected for 
plants with a high nutrient content. However, in the dry sea= 
son there was no significant relationship between leaf nutrient 
content and acceptance. This may have been because plant 
morphological defences, thorns and spines, tended to outweigh 
leaf nutrient content as a factor influencing selection during 
the dry season. The kudus tended to favour woody plants armed 
with thorns in the growing seasons and unarmed species in the 
dry seasons, despite the fact that armed species averaged higher 
in nutrient content throughout the year. The suggested explana= 
tion is that the soft thorns on new shoots in the growing seasons 
inhibit browsing to a lesser extent than hard thorns on mature 

growth in the dry seasons. 

The index of accepted food abundance was compared with seasonal 
and between habitat variations in potential food abundance. The 
results suggested that the index provided a satisfactory reflec= 
tion of variations in accepted food abundance. However a disad= 
vantage of this approach is that feeding time is assumed to 
accurately reflect the quantity of food eaten, whereas in fact 
the amount of food e~ten per unit time spent feeding may vary. 
To be used reliably the index would need to be corrected for 
differences in eating rate. Despite this reservation the index 
of accepted food abundance, supported by estimates of the abun= 
dance and nutrient content of potential food, shows promise as a 
~ethod of demonstrating whether long-term fluctuations in food 
availability are associated with kudu population performance. 

Rough approximations of the protein, phosphorus, energy and water 
intakes of kudus were compared with their estimated requirements. 
These comparisons indicated no nutrient deficiencies at any stage 
of the seasonal cycle, which was in accord with the observation 
that the population was expanding during the study period. Data 
requirements for more reliable measurements of nutrient intake rate 
in relation to requirements are discussed. 
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OPSOl'v1MING 

Die oogmerk met die studie was om 'n indeks te ontwerp en te 

evalueer wat die koedoe se voedingstatus sal reflekteer. 

Derhalwe is die volgende aspekte bepaal: 

(i) 'n indeks van die potensiele hoeveelheid voedsel beskik= 

baar, uitgedruk as die biomassa van blare van kruidag= 

tige - sowel as houtagtige plantsoorte per eenheid 

oppe rvl ak te. 

(ii) (iie 11utrientinhoud (proteien-, fosfor- en waterinhoud) 

van potensiele voedselbronne 

(iii) 'n indeks van die aanvaarde hoeveelheid voedsel, uit= 

gedruk i.t.v. die tyd gespandeer aan voeding per een= 

heid afst~nd wat die <lier beweeg gedurende die weidings= 

periode. 

(iv) 'n indeks van die voedselinnametempo, uitgedruk i.t.v. 

die tyd wat die <lier aan voeding per eenheid weidings= 

tyd spandeer 

(v) dieetsamestelling 

(vi) die aanvaarbaarheid van verskillende plantsoorte; bepaal 

deur die verhouding tussen die proporsie van die plant= 

soort in die koedoe se dieet, en die relatiewe beskik= 

baarheid van die plantsoort in die habitat. 

Die potensiele hoeveelheid voedsel beskikbaar het 'n maksimum 

bereik gedurende die laat-reenseisoen (Februarie-Maart) met 'n 

droemassa van 60 g per m2
, en 'n laagtepunt in die laat-droe= 

seisoen (Au~ustus - September) teen 12 g per m2 
• Die voedings= 

waarde van potensiele voedsel het oak seisoenaal gevarieer, met 

die hoogste nutrienti~houd in die vroee-groeiseisoen en die 
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laagste waardes vanaf Junie tot Augustus. 

Oor die algemeen het koedoes kruide bo borne en struike verkies. 
Die oorgrootte tyd van die jaar het die koedoes se dieet uit 
sowat 65 persent kruide bestaan, behalwe in die vroee-groeisei= 
soen, waartydens dit gedaal het tot minder as 20 persent. 

Gedurende hierdie tyd was dit veral jong blare en spriete van 
die boomsoorte Acacia nigrescens en Combretum hereroense wat 
die grootste bydrae tot die koedoes se dieet gemaak het. Hier= 
die twee spesies is 'n belangrike voedselbron vir die koedoes: 

Tydens 'n kritiede tydperk, wanneer daar min antler bronne be= 
sk ikb aar is, he t hul b 1 aarproduks ie al in aanvang gene em en ver= 
skaf hulle daarby oak 'n hoe voedingskwaliteit. Wat boomsoorte 
betref.is Combretum apiculatum 'n derde stapelvoedselplant. 
Dit was hoofsaaklik in die droe-seisoen benut. Acacia tortilis, 
Cissus lonicerifol~, Dombeva rotundifolia, Pterocarpus 
rotundifolius, Grewia monticola, Peltophorum africanum en 
Euclea divinorum is boomsoorte wat selde deur koedoes benut was. 

Die selektiwiteitsrangorde vir verskillende voedselsoorte toon 
'n positiewe korrelasie met die blare se proteien-, fosfor- en 
waterinhoud gedurende die reenseisoen. Dit impliseer dat die 
koedoes selekteer vir plante met 'n hoe ~utrientinhoud. In die 
droe-seisoen bestaan daar egter geen noemenswaardige verband 
tus·sen die nut rien tinhoud en voorkeur nie. Di t kan moon tlik 
toegeskryf word aan die teenwoordigheid van sekere morfologiese 
verdedigingsmeganismes soos darings en stekels, wat dan 'n 
seleksie vir hoer nutrientinhoud oorheers. Gedurende die groei= 
seisoen het koedoes hoofsaaklik voorkeur gegee aan plantsoorte 
met darings en stekels. Ten spyte daarvan dat bewapende spesies 
'n hoer nutrientinhoud gedurende die hele jaar handhaaf, het die 
koedoes wel plantsoorte sander verdedigingsmeganismes in die 
droe-seisoen verkies. Dit kan moontlik daaraan toegeskryf word 
dat die sagte darings wat op jong takkies in die groeisaisoen 
gevorm word, weiding nie soseer sal strcm as in die geval van 
harde darings op ouer takke in die droe-seisoen nie. 

Die indeks vir die aanvaarde hoeveelheid voedsel is, volgens 
habitat en seisoen, vergelyk met die potensiele hoeveelheid 
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voedsel beskikbaar. Volgens die vergelykings blyk dit dat die 
indeks 'n redelik betroubare beeld gee van variasies in die 
aanvaarde hoeveelheid voedsel. 'n Tekortkoming van hierdi~ teg~ 
niek is <lat dit aanvaar dat die tyd wat die dier aan voeding 
spandeer 'n akkurate weergawe is van die hoeveelheid voedsel 
wat ingeneem is. Bepalings van die voedselinnametempo sal 
egter die betroubaarheid van die indeks verhoog. Ten spyte 
van hierdie beperking is die indeks vir die aanvaarde hoeveel= 
heid voedsel, gerugsteun deur bepalings van biornassa en 
nutrientinhoud van potensiele voedsel, 'n belowende metode om 
langtermyn variasies in beskikbare voedsel te koppel aan die 
koedoe se populasiesukses. 

'n Benadering van die koedoe se proteien-, fosfor-, energie- en 
waterinname is vergelyk met hulle berekende behoeftes. Volgens 
hierdie bepalings blyk dit dat daar geen nutrientgebrek gedurende 
enige tyd van die jaar bestaan nie. Dit sluit ook aan by die 
gevolgtrekking dat die koedoes gedurende die studieperiode 'n 
populasiegroei ondervind he~. Die noodsaaklikheid vir meer be= 
troubare bepalings van nutrientinname in vergelyking met be= 
hoeftes, is ook in die teks bespreek. 
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APPENDIX I 

LIST OF FORE SPECIES IDENTIFIED AT IBE NWJ\i\URIWA HILLS, KRUGER NATIONAL 
PARK WITH FREQUENCY OF lITILIZATION BY KUDUS INDICATED 

* 

** 

*** 

One feeding record 

Two to five feeding records 

~1ore than five records 

Unmarked species are not lmown definitely to be utilized by kudus 

FAMILY ACAN'll IACFAE 

Asystasia gangetica 

Asystas1:a subbiflora 

Barleria lancifolia~** 

Barleria prionitoides* 

Blepharis integrifolia* 

Crabbea hirsuta 

Crabbea velut·ina* 

Dyschoriste spp. * 

Justicia flava*** 

Justicia kraussii* 

Ruellia cordata** 

Ruellia patula* 

Thunbergia dregeana 

FAMILY BORAGINACFAE 
Heliotropium steudneri** 

Heliotropium strigosum 

FAMILY CAPPARt\CEAE 
CZeome monophyZZa 

Maerua cafra** 

F.Al~ILY CQ\IIMELINACEAE 
Corronelina africana*** 

Corronelina benghalensis*** 

FAMILY CQ\1POSITAE 
Aspilia mossambicensis*** 

Epaltes gariepina*** 

Vernonia fastig-iata** 

FAMILY CONVOLVULACEAE 
Evolvulus aZsinoides 

Hewittia subZobata 

Ipomoea crassipes**•-+ 

Ipomoea obscura*** 

Merremia paZmata* 

Seddera capensis 

Seddera suffruticosa 

FAMILY CRASSULACEAE 
KaZanchoe ZanceoZata 
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FAMILY CTJCURBITACEA.E FAMILY LEGUMINOSAE 
Coccinia rehmannii** Indigofera schimper1i** 

Co11aUocarpus bainesii* Indigcfera viciodes 

Cucumis africanus** (fruit & leaves) Neorai~tanenia amboensis 

Cucumis metuliferus fruit*** Rhynchosia caribaea* 

Momordica clematidea 

FAMILY BJPHORBIACEA.E 

Acalypha indica** 

leaves** 

Acalypha segetalis** 

Dalechampia galpinii** 

Jatropha var1iifo Zia 

Phyllanthus maderaspatensis 

Tragia rupestris*** 

Rhynchosia densiflora** 

Rhynchosia minima* 

Rhynchosia totta*** 

Tephrosia rhodesica** 

Vigna decipiens * 

FAMILY LILIACF.AE 
SciUa spp.** 

Schizobasis intricata 

FAMILY MALVACFAE 

255 

FAMILY U\BIATAE 

Endostemon obtusifo lius 

Hemizygia spp. 

Abutilon austro-africanum* 

Hibiscus cannabinus* 

Hibiscus engleri* 

Leucas glabrata 

Ocimwn canum 

Ocimum urticifolium** 

Orthosiphon australis 

Hibiscus micranthus*** 

Hibiscus pusillus** 

Sida dregei 

FAMILY NYCTAGINACEAE 

Boerhavia bracteata** 
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FAMILY OLEACFAE 

Jasminwn fZuminense 

FAMILY PORTULACACFAE 

Tal-inwn caffrwn** 

FAt\1ILY SOLANAC.EAE 

Solanwn coccinewn 

Solanwn incanwn** 

APPENDIX I (CONTINlJED) 

So Zaman pandu1-aae f orme fruit* ;,t * 

leaves*** 

FAMILY VERBENACEAE 

Lantana rugosa*** 

FAMILY VITACEAE 

Cissus rotundifolia 

Cyphostemma schlechteri* 

FAJ\IILY ZYGOPHYLLACEAE 

Tribulus terrestris 

FAMILY ADIANTACEAE 

Pellaea viridis 
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APPENDIX I (CONTINUED) 

ADDITIONAL FORB SPECIES IDE~TIFIED ON 1HE NWA\-RJRIWA HILLS BY COETZEE ( 1977) 

FAf\IILY ACAN1HACEAE 
Bar ler-ia obtusa 

FMU LY AJ\IARf\r,~ 1HACEAE 
Achyranthes aspera 

Hermbstaedtia odorata 

FAMILY AAACEAE 

Stylc~hiton natalense 

FAMILY COMMELINACEAE 
Corrone lina livir~gstonii 

FAMILY COMPOSITAE 
Bidens bipinnata 

Vernonia oligocephala 

Vernonia posheana 

FAMILY CONVOLVULACEAE 
ConvoZvulus farinosus 

Ipomoea sinensis 

Merremia tridentata 

F A\U LY CYPERACEAE 

KyUinga alba 

FAMILY EUPHORBIACEAE 
Euphorbia neopolycnemoides 

Phyllanthus incurvus 

Tragia diocca 

FAMILY LABIATAE 
Becium cnyanum 

E~MILY LEGUMlNOSAE 
Tephrosia burchellii 

FAMILY MALVACEAE 
Sida chrysantha 

FA!'vIILY MOLLUGINACEAE 
Corbichonia decembens 

FAMILY PEDALLIACEAE 

Ceratotheca triloba 
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FAMILY POLYGALACEt\E 

Po Zyga Za sphenoptera 

APP.EN1HX I (CONTINUED) 

FAMILY SANTALACEAE 

Thesium graciZarioides 

FAMILY VITACEAE 

Cyphosterrona subciliatwn 

Rhoicissus tridentata 
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