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i. INTRODUCTION 

In an unpublished thesis (JARMAN, 1968) I surveyed what was then 

known of the ecology and social organisation of African antelope species, 
and suggested some relationships between the two. This paper attempts to 

bring that survey up to date, and discusses the relationships again. The 

hypotheses proposed by CROOK (i965) relating social organisation to general 

ecology of birds, and by CROOK & GARTLAN (1966) doing the same for 

primates show strong similarities to that proposed (JARMAN, 1968; and this 

paper) for antelope, and these similarities have been discussed by CROOK 

(r97o a & b). It would seem that these relationships are of wide applicability 
within the vertebrates, and possibly throughout much of the animal kingdom 
above the parasitic and protozoan level. However, as this paper indicates, 
there are many aspects of both the ecology and the behaviour of species 
that need to be measured before the relationships discussed here can be 

considered proven. The extreme range of socialisation shown by antelope, 
the relative ease with which they can be observed, and increasing knowledge 
about their food supplies and feeding habits, make them an ideal group of 

related species in which to study socio-ecology. 
In this paper antelope are taken to be the Bovidae excluding the Caprinae; 

the buffalo is thus considered here with the antelope. Within this group 
there are, according to ALLEN (1939), 93 extant species in Africa, and 

according to DORST & DANDELOT (1970) about 74; the difference results 

from a more modern attitude to subspeciation. The work by DORST & 

DANDELOT (i97o) has been used as a reference for specific names, and in 

some cases habitat and food preferences of species, since it is the most 

recent, widely available, comprehensive survey of the group. Specific 
binomials and vernacular names are given in Appendix i. 

This paper discusses: 

i) the relationship between antelope species and the plant communities in 

which they live in terms of the dispersion of the food items that they 
eat; 

ii) the relationship between the body size of a species and the dispersion 
and availability of food items which it eats; 

iii) the relationship between the size of group in which individuals of a 

species are typically found and the dispersion and availability of food items 

which they eat; 

iv) the relationship between the size of group in which individuals of a 

species are typically found and the behaviour they use to minimise predation; 

v) the relationship between size of typical group and feeding behaviour, 
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and the probability of females being found in a given place at a given time; 

vi) the relationship between the probability of location of females and 

the reproductive behaviour of males; 

vii) the effect of the reproductive behaviour of males on the typical 
social organisation of the species; and 

viii) the relationship of various other characteristics of each species, such 

as habitat choice, population composition, and sexual dimorphism, to these 

attributes. 

To simplify presentation, the majority of antelope species discussed here 

have been assigned to one of five Classes (A, B, C, D, or E) on the basis 

of their ecological, social and behavioural characteristics, and these Classes 

are supposed to use five different Feeding Styles (a, b, c, d, or e) which 

are characterised by the dispersion and availability of the food items that 

member species eat. These Classes are listed, where they can be identified, 

against each species in Appendix i. However, the boundaries between 

Classes and Feeding Styles are not rigid, since the divisions have been made 

for convenience of discussion and upon my own assessment of a species' 
characteristics. 

2. BOTANICAL BACKGROUND 

a.i African vegetation types. 

The antelope are all ground dwelling herbivores, so the plant communities 

provide not only a major part of their physical environment, providing 
cover or shade for instance, but also supply all their food including for 

many species the majority of their water and mineral intake. 
The major vegetation zones in Africa are largely determined by the 

seasonality and quantity of rainfall, and altitude. Where rainfall is heavy 
and well distributed through the year forest grows; where it is less heavy 
but still well dispersed, non-deciduous woodland, or savanna, or grassland 

grows; where it is less heavy, but strictly seasonal, deciduous woodland or 

scrub grows; and where it is light and eratic desert, or semi-desert, scrub 

is the only vegetation that will be supported. Antelope are found in almost 

all the numerous vegetation types. but their representation in each varies 

considerably in terms of the proportion they form of the local animal 

biomass, and of numbers of species. This variation is related to one charact- 

eristic in particular of the vegetation communities. No extant antelope 
stands higher than 175 cm at the shoulder (giant eland), so their utilization 

is confined to vegetation within 2 m of the ground. Consequently they are 

most numerous and form the most diverse communities where the greatest 
amount and proportion of plant production occurs within that 2 m zone, 
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as it does in savanna and certain light woodland or grassland communities. 

In desert plant communities the total annual primary production is low, 
and in forest the primary production available to antelope is low; in both 

situations antelope communities are poor in number of species, and do not 

produce high biomasses. 

There are important differences between vegetation types in the com- 

position of those parts of their communities which are potentially available 

to antelope as food. Because of their distinctly different growth charact- 

eristics and morphologies, grasses and dicotyledonous plants (which I will 

henceforth call browse) have quite different properties as potential food 

for antelope (see 2.2 below). In general grasses predominate in the avail- 

able zone of plant communities in grassland, savanna and light woodland, 
while browse plants predominate in this zone in forest at one extreme of 

the rainfall gradient, and in desert scrub at the other. Thus a large pro- 

portion of grasses in the available plant community is characteristic of the 

vegetation types that support a high biomass of antelopes, and a high 

proportion of browse characterises communities supporting low antelope 
biomasses. 

Obviously shade is most abundant in forest, and least in open grassland 
or semi-desert, while cover (visual screening) bears a more complex rela- 

tionship to the vegetation community structure and to the size and behaviour 
of the antelope species. 

2.2 Growth and food value of grasses and browse. 

Grasses and browse (all dicotyledonous plants) grow in importantly 
different ways, and their products of growth differ. The primary meristem 

of grasses is characteristically inter-calary, while that of browse is apical. 
A relatively smaller amount of a browse plant is likely to be actively growing 
at any time than of a grass. For an antelope the food value of a plant 

depends upon its having a high protein and digestible carbohydrate content 

and a low fibre content. Protein values are highest in newly emerged or 

growing foliage, and lowest in highly lignified or fibrous tissue. Foliage 
becomes reinforced with fibre as it matures, so that palatable young leaves 

decrease in food value as they grow older. In some cases, especially in 

browse, the process of becoming unpalatable is accelerated by the develop- 
ment of oils and resins in the leaves. Once photosynthetic activity in the 

leaf has stopped its food value falls even lower. 

Because of the difference between growth from inter-calary and apical 
meristems, and the proportion of the whole grass or browse plant actively 

growing, the average grass plant is likely to be more homogenous in food 
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value than is a browse plant, especially a woody one, which will be composed 
of an assembly of parts of heterogenous value; a few buds or newly emerged 
leaves distally, many mature leaves of much lower food value, and much 

structural material in the stem or trunk of almost negligible food value. 

Whether the whole plant can be considered as of homogenous or hetero- 

genous value depends, of course, on the level of food value acceptable to 

the antelope feeding on it. This point is amplified below (3.1). So, the 

important difference between grasses and browse in their form of growth 
is that the apical meristem of browse produces leaves which, emerging from 

a bud complete in fonn and quickly reaching maximum size, do not regrow 
to replace lost surface area when bitten, while the inter-calary meristem of 

grass produces a leaf which can continue to grow from the base for a 

considerable time, and can to a certain extent renew its surface area by 
basal growth when bitten distally. 

2.3 Seasonality of growth. 

The availability of soil water, normally produced by rain, is the greatest 
determinant of growth in most African vegetation types. In most areas 

vegetation responds rapidly to the onset of rain, and growth generally 
ceases at some time after rain stops. However, a proportion of browse 

species, especially shrubs and trees, being deeper rooted than grasses and 

forbs, continue to produce new vegetation long after rains have ceased. 

They also maintain mature, green, photosynthetically active leaves for much 

longer than most grasses. Grasses tend to produce much of their annual 

crop of foliage within a short space of time, so that most of their leaves 

emerge, grow, and mature almost simultaneously. By contrast a browse 

plant may produce groups of leaves in succession, so that at any time it 

carries a diversity of buds, new leaves, and foliage at different stages of 

maturity. So, a stand of grass begins to grow at the start of the rains, pro- 
duces a flush of highly nutritious young foliage, then the whole stand 

passes through well co-ordinated phases of maturity, dwindling in food 

value simultaneously, while browse plants, especially woody ones, also begin 

growing at the start of the rains, but continue to produce new foliage 

throughout their photosynthetically active season, which is likely to be 

longer than that of the grass. 

2.4 Dispersion and availability of grass and browse. 

Very few grasses grow tall enough to escape from the size range avail- 

able to antelope; many browse plants grow out of reach of antelope after 

passing through a seedling stage when they are vulnerable. Even in vege- 
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tation types dominated by trees the community within the zone available 
to antelope may be dominated by grasses. Browse plants within the available 
zone may still be inaccessible by the development of spines or by growing 
in impenetrable growth forms such as thickets. Few grasses achieve this 
on the same scale. This means that, while grasses may form a three-dimen- 
sional layer of available food, browse may be available only along a two- 
dimensional front on the exterior of trees, bushes, or thickets. To a lesser 
extent this is also true of non-woody browse species, where the acceptable 
food items occur scattered distally as newly emerged leaves, rather than 

throughout the body of the plant as they may do in grasses. 
There is a frequent major distinction between grasses and browse plants 

in a community in their forms of dispersion. Grasses frequently occur in a 
continuous type of dispersion, in which the next nearest plant to a grass 
is highly likely to be another grass. Thus an animal feeding over this sward, 

moving from plant to adjacent plant, is likely to present itself with a 

sequence of grasses. By contrast browse plants tend to more discrete dis- 

persion, in which their nearest neighbour is much less likely to be another 
browse plant. This generalisation applies particularly in grassland, savanna, 
or light woodland, where antelope form the most diverse communities, but 
is less true where grasses are rare, in forest and semi-desert communities. 

a.5 Section summary. 
This section suggests that : 

(a) antelope communities are most diverse, in numbers of species, and produce the 
greatest biomasses, where plant production within 2 m of the ground is greatest, as in 
grassland, savanna, or light woodland. 

(b) the grass : browse ratio in the community within 2 m of the ground varies between 
vegetation types, being highest (most grass) in grassland, savanna or light woodland, and 
lowest in forest and semi-desert communities. 

(c) newly emerged vegetation is of higher food value than mature but still green 
vegetation ; this in turn is of higher value than dead material. 

(d) taken as a whole, grass plants tend to be more homogenous in food value of their 
parts than are browse plants. 

(e) a grass leaf is more capable of continuing to grow to regain surface area lost by 
its being bitten than is a browse plant's leaf. 

(f) browse tends to distribute its leaf production, and to maintain green leaves, over 
more of the year than grass, which produces a synchronised outburst of leaf growth 
early in the growing season. 

(g) grasses tend to form stands with a more continuous dispersion of plants than do 
browse species, which tend to occur more discretely scattered. 

3. FEEDING STYLES AMONG ANTELOPES 

3.1 Selection of food items. 

There is considerable variety in the relationships between what each ante- 

lope species eats and the plant communities in its environment. An early 
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descriptive approach assigned species to categories of grazers eating only 

grass, browsers eating only non-grass plants, and a sliding scale of grazer- 
browsers and browser-grazers between these extremes. On top of this was 

imposed the concept of selective or non-selective feeding, which was initially 
determined by the species of plants accepted by animals. It was generally 
seen that browsers were selective because they obviously did not accept 

every available bush or herb species as palatable, but that grazers might be 

either selective or non-selective. This approach has been applied very success- 

fully, and several studies (LAMPREY, 1962; TALBOT & TALBOT, 1962; 
VAN ZYL, 1965) have shown that sympatric species of antelope take distinct 

diets, and that certain types of diets are characteristic of the same species 
in different areas. A refinement to the idea of selectivity has been added 

by the work of GWYNNE & BELL (1968) who showed that grazers may 
select certain parts or growth stages of grass plants preferentially. It had 

always been assumed that browsers were selecting for plant parts, because 

they could be seen not to eat bark and woody material or to select only 
fruits of certain species. Lastly, it is now widely recognised that species 
affect the choice of plants available to them by se'ecting the vegetation types 
in which they feed, and that this selection may vary seasonally. 

The result of selection is usually to take food items rich in protein and 

deficient in fibre; occasionally plants may be taken for their water, sugar, 
or mineral content. The protein: fibre ratio varies between plant species 
and plant parts. Seeds, fruits, and newly emerged foliage are usually rich 

in proteins; stems and old leaves are poor in protein, but are often con- 

siderably more plentiful than newly-emerged leaves. 

Selection can be seen to be performed at several different levels. An 

antelope may first select the vegetation type that will best satisfy its feeding 

requirements; this is a major part of habitat selection. Within the vegeta- 
tion type it may select the stands of plants or the species that most suit it, 
and then from those plants it may select the parts which it finally eats. 

In the following descriptions of feeding styles it will be seen that antelope 

species differ in the extent to which they expend time and effort in pro- 

ceeding down this scale of selection, some species selecting in detail very 

precisely located parts of individual plants, other species contenting them- 

selves with selection for whole stands of plants. For ease of description 
the former are described as highly selective and the latter as almost un- 

selective. 

The quality of food that a species finds acceptable has a profound in- 

fluence upon many aspects of food availability and dispersion. Here Figure 
i can be used to illustrate its effect on the species' need to select its food 
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items from within the parts of a plant; a grass plant is used in this 
illustration although the effect would be even more exaggerated with a 
browse plant. If a species finds acceptable only food items of high protein 
content, it must confine itself to the most newly emerged leaves. In a 

flowering grass plant there will be relatively few of these, and each must 
be sought individually. If, however, the species were able to tolerate food 
with protein values as low as 4% dry weight, then almost the entire plant 
would be available to it as food, and no selection between parts of the plant 
need be made. It can be seen that by lowering its level of acceptance a 

species would automatically make plant parts more homogenously available 
and acceptable, and would also increase the edible proportion of each plant 
and the total quantity of available food within each plant. The same effect 

applies at the plant community level. 

Fig. i. Distribution of levels of quality in a grass plant. Shading represents parts with 
protein contents greater than (a) 15%, (b) 7%, and (c) 4% of dry weight, which could 
be taken as minimum acceptable food values for three hypothetical antelope species. The 
diagram illustrates the effects of species-specific acceptable food values on the availa- 

bility of food within a plant and a species' need to select. 

3.2 Feeding styles. 

As a result of feeding and habitat selection studies it is possible to 

recognise general styles of feeding behaviour among the antelope. These 

styles are: 

(a) that in which species feed very selectively on a wide range of plant 
species, using particular plant parts only, remaining in one vegetation type 
and in one small home range throughout the year. These species are pre- 
dominantly browsers, and take such items as flowers, twig tips, fruits, 
seed pods and even bark. As examples see the foods listed by PIENAAR 

(ig6o) for steinbok, grysbok and suni in the Kriiger N.P. It is among 
these antelope that occasional examples of carnivory have been recorded 

(KURT, 1963; GRIMM, 1970). Of all antelope, these species appear to utilise 
the most diverse diets, and their food items are typically of high nutritive 
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value. Included among these species are probably all thirteen duikers of 

the genus Cephalophus, dik-diks, grysboks, steinbok, perhaps Neotragus 
and Nesotragus species, and klipspringer. 

(b) that in which species feed either entirely on a range of grass species 
or entirely on browse, being very selective for plant parts, and remaining 
in one or a few vegetation types and one home range throughout the year. 
Their diet shows some seasonal variation, and food items are of high nutri- 

tive value. Examples of this feeding style include Bohor, southern and 

mountain reedbucks, bushbuck, gerenuk, oribi and perhaps lesser kudu. 

(c) that in which species feed on a range of grasses and browse, rather 

selectively, in a range of vegetation types within a fairly large home area. 
The diet changes seasonally, as does their preference for vegetation types. 
Those for which reasonable data exist appear to utilise diverse diets. As 

examples of this feeding style I suggest greater kudu, nyala, the water- 

bucks, impala, Grant's and Thomson's gazelles. Probably many more species 
fall within this feeding style, but it is not easily recognisable on casual 

inspection, especially among grazers. Their feeding behaviour is typically 
flexible. 

(d) that in which species feed on grasses, being rather unselective for 

species but more selective for plant part or growth stage. These species 

may migrate in an attempt to find grasses in their optimum growth stage 

throughout the year, and may therefore have a poorly defined home area. 

Examples of this feeding style include the wildebeests, hartebeests, topi and 

tsessebe. Their diets are perhaps the least diverse of all, and the items of 

rather low nutritive value compared with styles (a) and (b). 

(e) that in which species feed unselectively on a wide range of grasses, 
or grasses and browse, in a number of vegetation types, moving seasonally 
within a large home area. Because they feed unselectively their diets tend 

to be fairly diverse, and the food items may be quite low in nutritive value. 

This feeding style includes buffalo and eland. 
All antelope studied so far are selective feeders to some extent, and 

the description of those in styles (d) and (e) as unselective is only relative. 

3.3 Dispersion of food items for each feeding style. 

Each of these feeding styles utilises a different dispersion of food items. 

The food items selected by species feeding in style (a) are spatially scattered, 

small, distinct items separated by varying distances from the next similar 

specimen or acceptable item. Animals seeking such items must move from 

bite to bite, and the degree of selectivity shown for each bite is obviously 

very high; each item must be precisely located, within the individual plant, 
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within the stand of plants, and within the vegetation type. Intimate know- 

ledge of the resources of a home area would presumably promote searching 

efficiency, especially since some of the items, like new leaves or flowers, 

may be available and acceptable for quite a short time. This knowledge of 

resources in a home area would reduce one of the major draw-backs of 

highly selective feeding, the time taken to locate food items. 

Perhaps the greatest contrast to that pattern is provided by animals in 

feeding style (d), like the blue wildebeest. This species feeds by preference 
on the leaf growth of green grass which is neither too short, when it would 

limit the rate of intake, nor too long, when it would be less easy to obtain 

mouthfuls of pure leaf. Where rainfall is distributed over an ecosystem 

unevenly in locality and non-synchronously in time, so that this ideal grass 

length is reached at different times in different places, wildebeest migrate 
to keep themselves in the region of optimum grass growth for as much of 

the year as possible. The grasses they feed upon form rich swards covering 
a high percentage of the ground. Under optimum circumstances the grasses 
do not form heavy tussocks nor carry much stem and flowering material. 
In these circumstances food items for the feeding wildebeest are as nearly 
as possible contiguous, and bite can follow bite in almost unbroken succes- 

sion. If the animal has found the optimum feeding conditions, the need to 

exercise selection over each bite is slight. Other antelope species within 

this feeding style, without necessarily preferring the same growth stage of 

grass, show a similar relationship to an abundant, almost contiguously distri- 

buted food source. 

Animals of feeding style (e) also depend upon a rather continuous 

dispersion of food items, but achieve this by being less selective as to growth 

stage of grass, or to species of plant eaten. By accepting as food a large 

proportion of the standing crop of the plant community available to them, 

they are able to enjoy this 'continuous' type of distribution of food items 

within a more or less restricted, although very large, home area. 

Feeding style (c) is characterised by flexibility in its representatives' 

feeding behaviour. Diets are much more catholic than those of styles (d) or 

(e), and contain more grasses than diets of most style (a) feeders. Most 

studied species in this feeding style show considerable seasonal variation 

in diet, and this often takes the form of an increase in grasses in the diet 

during the wet season and an increase in browse during the dry season 

(see, for instance, JARMAN (1971) for impala and kudu). Seasonal changes 
in habitat choice reinforce dietary changes, tending to place animals in 

vegetation types at times of optimal plant growth. Like style (a) feeders, 
these species benefit from an intimate knowledge of the resource distribu- 
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tion within a defined home area. Style (c) feeders enjoy a relatively more 
'continuous' distribution of food items than style (a) feeders by using more 
of the common plants and more of the contiguously distributed elements of 
the plant community, such as grasses, and by being less selective as to plant 
part or growth stage (for instance, taking mature as well as young leaves 
of some plants). They remain markedly more selective than style (e) 
feeders, and the nutritive value of each food item presumably falls between 
the high quality of style (a) feeders and the low quality of style (e). It is 

generally the common and contiguous elements of the community, such as 

grasses, that are used preferentially in the wet season when plants are 

growing and abundant, the animals being able to change to food items of 
a more scattered, 'interrupted' distribution in the dry season. 

The dispersion of food items used by feeding style (b) is thought to be 

intermediate between those of (a) and (c), but I know no useful studies, 

except LEUTHOLD (I970 & T971) on diets of these species. Their rôle as 

either very selective grass eaters or selective browsers would be appropriate, 
but I would not expect them to change from one food type to another as 

style (c) feeders may do seasonally. This is supported by LEUTHOLD'S 

(ig7o) study on gerenuk feeding in Tsavo N.P., which showed them to be 

pure browsers which did not switch to grasses in the wet season. Impala, 
a style (c) feeder, living w?ith gerenuk in Tsavo N.P. do take grasses when 
available in the wet season, changing to browse in the dry season (pers. obs.). 

Essentially in these different feeding styles antelope are chosing between 

spending time searching for a little food of high nutritive value, and accept- 

ing more abundant food of lower value. So by their different strategies of 
food choice antelope depend upon a range of characteristic forms of disper- 
sion of their food items. 

3.4 Section summary. 

This section suggests that : 

(a) selection in feeding may be made both for plant species and for plant parts. 
(b) when feeding, an antelope may select for feeding habitat or vegetation type, for 

stands of plants or individual plants, and for specific parts within a plant. Antelope 
species differ in the precision with which they select food items. 

(c) the quality of food acceptable to a species affects the extent to which the species 
must select its food items, as well as affecting the quantity and dispersion of food items 
available to it, and the homogeneity of food plants and stands of plants. 

(d) on the basis of food selection and habitat utilization, antelope may be arbitrarily 
divided into five feeding styles. 

(e) these feeding styles differ in the dispersion and availability of the food items eaten 
by the antelopes practising them. 
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4. THE RELATIONSHIP BETWEEN BODY SIZE AND FEEDING 

STYLE 

q.i Body sizes and feeding styles of antelopes. 

The range of physical forms presented by the antelope species is impres- 
sive. The smallest species, the royal antelope, stands 25 cm at the shoulder, 
while the largest, the giant eland, stands 175 cm and is 250 times heavier 

than the royal antelope. Approximate shoulder heights and weights for 

species are given in Appendix I, where it can be seen that one third of 

antelope species weigh less than 20 kg, and half weigh less than 50 kg; 

only 18% weigh over 200 kg. So there is a preponderance of species in 

the lower half of the weight range. 

Fig. 2. The scatter of average body weights (kg) of species representing the five social 
classes (A to E) and feeding styles. 

The first of the general relationships to be suggested in this paper is 

that between body size and feeding style. Figure 2 shows the scatter of 

weights of the species representing each of the five feeding styles outlined 

above (and, as will be shown in Section 5.3, the five social classes). It 

can be seen that, despite extensive overlap between weight ranges in adjacent 

feeding styles, there is a general progression from small species in feeding 

style (a) to large species in feeding styles (d) and (e). In simplified terms, 
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those species which feed very selectively on discrete food items tend to be 

small, while the wide-ranging, relatively unselective feeders tend to be large. 
The following sections suggest some possible reasons for this relationship. 
Because the literature on relative nutritional physiology of the antelopes 
is sparse, these sections are necessarily speculative. 

4.2 Nutritive value of food items and body size. 

Small antelopes are, in general, physically better suited than the large 
to select individual leaves when faced with the same plants, simply because 

the mouth of the larger animal is too big, relative to the average plant, 
to be adept at separating leaf from leaf. Thus a typical grass plant, for 

instance, becomes a heterogenous assemblage of parts which can be differ- 

entiated by the mouth of a small antelope, but remains as one food item 

which can be only bitten or rejected totally by a large antelope. Apparently 
this gross effect of absolute size has been reinforced by selected adaptation 
so that small antelope tend to have relatively narrower muzzles than larger 

species (BELL, ig6g; and personal records). 
A consequence of this physical difference between large and small ante- 

lope in relation to the structure of plants is that small antelope are more 

able to select food items of the highest possible food value, since they are 

physically able to choose between the plant parts available to them; a large 
antelope, having to consume much of the plant, is forced to take a mixture 
of valuable and valueless parts. The only way for a large antelope to select 
a high quality diet is for it to seek stands of plants in which most of the 

constituent parts are at a similar, and valuable, growth stage. This usually 
means feeding on grasses, as in feeding style (d). It may be suggested that, 
in their evolutionary history, selection will have favoured those large ante- 

lope physiologically capable of surviving on a low quality diet. 

The sizes of plant parts are the same for all antelope; hence a highly 
nutritious food item, such as a fruit, will form a higher proportion of the 

day's intake for a small antelope than for a large one. The larger antelope, 

feeding on the same items, would need to search for more items than would 

the smaller species. Food intake, when the individual items need to be 

sought and selected, is finally limited by rate of movement and ingestion; 
both of these rates are presumably related to a linear dimension of the 

animal, such as leg or jaw length. However the food requirement will be 

related to a cubic function of the animal's size. So a species that, in its 

evolutionary history, increased its searching speed by doubling its shoulder 

height would increase its food requirement by an even greater factor. The 

size of antelope that can feed upon food items of a certain type will be 
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limited by the dispersion and availability of those items in relation to the 

searching rate, ingestion, and food requirements of the species. 
The ability of small antelope to select highly nutritious food items may 

also be a necessity for them, reflecting their higher metabolic rates. If all 

antelope were able to digest similar quantities of food relative to body 
weight, for instance, then differences in metabolic rates would necessitate 
small antelope seeking higher quality food than large antelope. 

4.3 Dispersion of food items and body size. 

The same dispersion of plants will be effectively different for different 
sizes of antelope. For instance, two plants 25 cm apart may both be reached 

by an eland without the animal needing to move its feet, while a dik-dik 
would certainly need to take a step or two between the plants. In general 
this means that, for a feeding animal, the same stand of plants can supply 
nearly contiguously dispersed food items to a large species but discrete, 
separated food items to a small species. 

The quality of food item that is acceptable to a species affects the 

dispersion of food items, as has been pointed out in sections 2.2 and 2.4. 
The need for smaller antelope to find higher quality food items necessitates 
their seeking more discretely dispersed food items. This applies within the 
individual plant as well as within the plant community. Figure I shows that, 
for an antelope that can accept a low quality diet, almost the whole plant 
is an homogenously acceptable food item, while for the small antelope 
demanding a high quality diet the plant is a collection of heterogenous parts 
from among which the acceptable food items must be selected. 

4.4 Available quaritities of food items and body size. 

Figure i also makes it clear that, in most circumstances, the high quality 
parts form a small proportion of a plant. Extending this to the plant com- 

munity, there is generally less high quality than low quality plant material 

available to antelopes. Also, the high quality parts of plants generally form 

smaller food items than do the low quality parts. These reasons make it 

appropriate that large antelope, requiring a large absolute intake of food, 
should use low quality food which is available in large quantities. Small 

antelope, requiring a low total food intake, can live on a food supply quite 
insufficient in quantity for a larger antelope. These points are well dis- 

cussed by BELL (r97r). These differences are particularly striking in some 

areas used by both migratory and resident species. While the large migratory 

species may be able to find enough food in an area only at the height of the 
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season of plant growth, the smaller resident species are able to persist in 

the area even in the dry season, surviving on quantities of food quite in- 

sufficient for the large migrants. 
The restriction on availability of items used by the selective feeders of 

type (a) seems to affect not only individual size but also local biomass 

of those species. It is noticeable that style (a) feeders, even when they 
dominate the local antelope community, never achieve the biomass levels 

of style (c), (d) or (e) species at their most plentiful; nor do I know of 

many communities in which style (c) feeders equal the highest style (d) 
or (e) biomasses. So these styles of feeding upon food items at different 

dispersions have quantitative as well as qualitative consequences for the 

species practising them. 

Larger antelope would presumably have a physical advantage over smaller 
in inter-specific competition for food. If both large and small species were 

feeding on a grass sward, for instance, the larger would dominate the 

smaller physically as well as in individual biomass. Hence it would be to 

the advantage of the smaller to select food items too scarce to be depended 

upon by the larger species. The sympatric co-existence of a range of species 
is, in part, made possibly by the range of dispersions of food items upon 
which the species depend. 

4.5 Section summary. 

This section suggests that : 

(a) there is a general relationship between body size and feeding style, in that small 
antelope tend to be highly selective, type (a), feeders, while the larger antelope feed 
relatively unselectively, as in types (d) or (e). 
It goes on to suggest possible reasons for this relationship, such as that: 

(b) the typical size of plant part is such that only the smaller antelope can bite off 
individual plant parts separately; the larger antelope are forced to eat bunches of parts. 
Hence only the small antelope are able to pick out parts of high food value. 

(c) the small antelope may need to find high quality food to satisfy their relatively 
high metabolic rates. 

(d) the size of antelope that can depend upon a certain type of food item is limited by 
the dispersion and local availability of those food items. 

(e) the same dispersion of plants will appear to consist of relatively more discretely 
scattered items to a small antelope than to a larger one. 

(f) there is less high than low quality food available, both within the plant and within 
the community. 
Finally, it is observed that: , 

(g) species feeding very selectively on high quality food items never achieve the high 
biomass levels reached by those feeding relatively unselectively;; but highly selective 
feeders may be able to survive where the larger, unselective species can not. 
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5. THE RELATIONSHIP BETWEEN GROUP SIZE AND 

FEEDING STYLE 

The next relationship to be described is that between typical group size 

and feeding style. Records of typical samples of herd sizes for species are 

uncommon in the literature, and I have had to rely on my own records and 

published descriptions in this section. In Appendix 2 I have suggested a 

measure of typical group size that I have found to be more useful than the 

usual "mean herd size". This measure derives the size of group in which 

the average animal finds itself. This emphasises the extent to which members 

of the local population of a species tend to associate, which is not revealed 

by "mean herd size". 

5.i Typical group size and the requirements for r 

grouping. 
For a number of antelope to form a prolonged, cohesive and co-ordinated 

group while feeding the individuals must move at similar average speeds, in 

roughly the same direction, and within perceptual range of each other. If 

there are strong advantages in neighbouring animals following divergent 

feeding paths, or if individuals must move at very different speeds to meet 
their feeding requirements, or if they must keep so far apart that they 
do not respond in co-ordination with each other, the group will fragment. 

This section is largely concerned with the limiting effect of feeding 

style on group size, and will suggest that feeding style in most species places 
a limit on the maximum number of individuals that can feed together as a 

co-ordinated, cohesive group. The reasons for there being typical lower 
limits to group size for each species are discussed in the next section (6.0). 

5.2 Competition within the feeding group. 
Before presenting examples of group sizes of species representing the 

five feeding styles, a consideration of the theoretical effects of feeding 

style, especially dispersion of food items, upon group size will allow us 

to construct a general hypothesis to test against the observed facts. Our 

basic assumption must be that groups of animals behave in such a way 
when feeding that the requirements for grouping outlined in 5.1 are met. 

The effect of one animal's feeding on the food available to others is 

important in the ambit of the herd. The food items taken by selective 

feeders of style (a) are generally single plant parts, which are either present 
or absent. They are not gradually reduced by repeated bites by feeding 
animals. The effect of a style (a) feeder eating its way through an area 

is to remove whole items. By contrast the food items of style (d) or (e) 
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feeders, such as grass plants each consisting of a tuft of leaves, can be 

gradually reduced by successive bites. So the effect of a (d) or (e) feeder 

eating its way through an area is to reduce the size of each item, leaving 
their dispersion the same. If animals in a group are having to cover ground 

already fed on by fore-runners, individuals of style (d) or (e) may find 

themselves with the same dispersion and size of food items as the fore- 

runners had; at worst the food items will be smaller. But for style (a) 
feeders the forerunners will have taken either all the acceptable items in 

Fig. 3. The dispersion of food items, i. before, and 2. after half the standing crop is 
eaten. For plants like grasses, G, from which several bites may be taken, the dispersion 
does not alter although the size of food item remaining may decrease. For plants like 
some herbs or browse, H, whole items are eaten, altering the dispersion but not the size 

of remaining items. 

the area over which they have fed, or at least the more obvious or accessible 

ones. The difference between these two types of food removal is illustrated 

in Figure 3. Thus a following style (a) animal must either avoid the area 

covered by the forerunners or spend more time in searching for and ob- 

taining each food item. Either of these style (a) responses would separate 

group members, either spatially through one being unable to find food in 

the wake of another, or through one falling behind the feeding rate of the 

forerunners. Animals of styles (b) and (c), selecting items that are inter- 

mediate in dispersion between those of (a) and (d), will presumably suffer 

the effects of food removal by front members upon others in a group to 

an extent intermediate between (a) and (d). Style (d) and (e) feeders 

in a group moving over already eaten pasture can maintain the same spacing 
between individuals as upon virgin pasture, and still present each individual 

with the same dispersion of food items. But style (a) feeders are forced 



232 

progressively further apart as food items are removed from their dispersion. 
Since they are generally small antelope, quite short absolute distances of 

separation may have relatively great disruptive effects upon their com- 
munications. 

5.3 Group size and feeding style; the five social 1 

classes. 

This suggests some of the possible reasons why feeding style should be 
related to group size in such a way that highly selective feeders should be 
found in very small groups or alone, while less selective feeders can aggre- 
gate in larger groups. Observed typical group sizes of antelope species fit 

this theoretical distribution among feeding styles. Appendix I includes 

descriptions of group sizes typical for each species, from those given by 
DORST & DANDELOT (r97o), emended in places from other sources and my 
own records. Certain species were used above to typify the five feeding 
styles. Group sizes of these and other species have been used below to 

assign them to five social classes. Behavioural differences between these 
classes are considered in detail later. Note that, within these examples, 
there is complete correspondence between feeding style and social class. 

Group-size characteristics are described for each social class. 

Class A. 

This class includes all the duikers, the dik-diks, and all Neotraginae 
except oribi. Species in this class live singly, or in pairs, sometimes accom- 

panied by a recent offspring. Thus the group size varies from one to three, 
is most commonly two, and does not vary seasonally. These species feed 
in style (a). 

Class B. 

This class includes the reedbucks, Pelea, oribi, gerenuk, lesser kudu, and 

perhaps bushbuck and sitatunga. They occur in groups of one to a dozen, 
?but most commonly in the range 3 to 6. More often than not an adult 
female is accompanied by one or more other adult females. In some species 
there may be slight seasonal variation in group size. These species feed in 

style (b). 

Class C. 

This class includes the waterbucks, kob, puku, lechwe, springbok, the 

gazelles, impala, nyala and greater kudu. Although adult males may be 
found singly, young males and females very rarely occur singly except when 
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sick or giving birth. Most individuals find themselves (see Appendix 2) 
in groups of between 6 and 60 animals, sometimes as many as 200. Groups 

greater than this are rarely cohesive, prolonged associations, like those of 

classes D and E. Typical group size can vary seasonally and regionally for a 

species. These species feed in style (c). 

Class D. 

This class includes all the Alcelaphinae except perhaps Hunter's harte- 

beest. As in class C, adult males may be found singly, but females and 

young males are almost invariably accompanied, in groups of 6 to a few 

hundred. The distinctive feature of this class is their facility for aggrega- 
tion. The smaller groups may aggregate into co-ordinated, cohesive super- 
herds numbering thousands of individuals. In certain circumstances animals 

may live in such super-herds throughout the year, the super-herds being 

temporarily split into smaller herds only for breeding. Other populations 
of these species may never form such aggregations, or may do so seasonally. 
So typical group size can vary seasonally and regionally to a very great 

degree in these facultative aggregators. These species feed in style (d). 

Class E. 

This class includes buffalo, eland, and perhaps Beisa oryx and gemsbok. 
Under favourable conditions these species may live in permanent herds 

numbering many hundreds, even one or two thousand, animals. Seasonal 

variation in group size may be slight, since populations do not usually 
switch from smaller groups to super-herds as can those of class D species. 
These species feed in style (e). 

Many species show regional or seasonal variation in typical group size, 
and these variations can be associated with differences in either amount of 

available food or in dispersion of food items. This is well illustrated by 

impala (JARMAN, P. J. in prep.). A good example is given by differences 

between group sizes of forest and savanna buffalo, living in habitats in 

which both quantity and dispersion of food are distinctly different. Sea- 

sonal differences in group size of class D antelope can be enormous, since 

these species may collect in super-herds seeking local abundances of con- 

tinuously dispersed food in certain seasons. Class A antelope generally do 

not a'ter group size much, but some species gather in small groups at local 

abundances of food such as ripe fruit falling from a forest tree, providing 
a very simple example of varying group size to match food dispersion and 

availability. 
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5.4 Section summary. 

This section suggests that : 

(a) the typical size of group in which an average individual of a species finds itself 
may be related to its feeding style. 

(b) on theoretical grounds, the dispersion and type of food items used by a species in 
feeding styles (d) or (e) should permit their feeding in large groups, while those used 
by style (a) species should severely limit the number of individuals able to associate while 
feeding. 

(c) this theoretical relationship is found in practice. Five social classes, each based on 
typical group sizes, are described. They correspond exactly to the five feeding styles. 

6. THE RELATIONSHIP BETWEEN GROUP SIZE AND ANTI- 
PREDATOR BEHAVIOUR 

Dispersion and availability of food may not account satisfactorily for 
all aspects of group size in antelope. Although they may place an upper 
limit on the group size typical of a species, it is less easy to use them to 

explain typical lower limits. Why, for instance, should larger antelope not 
be found living singly, each individual in an area sufficient for its own 
needs? Answers based upon food availability can still be proposed; for 

example, that the food of such antelope is too seasonal for this to be a 
feasible strategy, or that concerted grazing maintains pasture in a productive 
growth stage and that thus association benefits the individuals. But none of 
these answers seems to apply in every instance. One important feature of 

every species' biology can be invoked to explain typical minimum group 
size; the species' behaviour towards predators. All antelope are vulnerable 
to one or more species of predators, which range in size from lion down 
to jackal, small cats, or even birds of prey. It is clear from many studies 

(BOURLIERE, 1963; PIENAAR, 1969; HIRST, KRUUK, in press) that 
the general size of prey preferred by each predator is strongly correlated 
with the body size and group size of the predator. There seem to be two 

aspects to this correlation. Firstly there is an advantage in killing as large 
an animal as practicable; but secondly the larger animals threaten greater 
risk of injury to the predator. PIENAAR ( I969) records injury to lion by 
goring by buffalo, sable, roan, and greater kudu, all quite large antelope. 
The net result is that, while there is a physically determined upper limit 
to the size of prey that a predator can risk attacking, the lower size limit 
for prey is determined by convenience or efficiency. This means that the 
smaller antelope are vulnerable to, although not necessarily attacked by, all 
the predators, while the larger antelope need concern themselves with only 
a few predator species. 



235 

6.z Possible forms of anti-predator behaviour for r 

antelope. 

Each antelope species practises forms of behaviour appropriate to the 

predators to which it is vulnerable. This may mean using different reactions 

towards each of a range of predators, and may involve some social castes, 
such as mothers with new-born young, behaving differently from others. 

The major types of behaviour undertaken primarily to avoid being pre- 
dated are: 

i) avoidance of detection by, contact with, or exposure to predators; 

ii) flight after detection, but before attack; 

iii) flight under attack; 

iv) threatening, or even attacking, the predator. 
Other activities, such as avoidance of the vicinity of water-holes or of 

certain vegetation types, may reduce the individual's chance of being attacked 

by a predator without that necessarily being their primary purpose. 

6.2 Anti-predator behaviour in the five social 1 

classes. 

Animals of class A depend largely on making themselves inconspicuous. 

Many are nocturnal or crepuscular, and diurnal ones tend to feed in or 

near cover. In the presence of predators they either freeze, lie down and 

freeze, or run to cover and freeze. With the possible exception of klip- 

springer, which may retreat up steep rock faces, they do not depend on 

making themselves inaccessible by flight. They can not depend on running 
faster than predators, nor generally on attacking them. Much the same 

seems to be true of animals in class B, although some of these, especially 

open country species like reedbuck and oribi, will lie in a form until a pre- 
dator is nearly on them, then erupt from it, depending on alarm and their 

initial burst of speed to take them clear of the predator. However they do 

not continue to depend on speed for escape but will hide again (JUNGLES, 

ig7o; and pers. obs.). 

Species of class C show a range of behaviour patterns to match the 

many predators they suffer from, and to meet their own ecological needs. 

Those living in thicket or relatively dense woodland, such as greater kudu 

or nyala, freeze to avoid detection, but flee at speed once detected. Those 

in more open country, like impala, waterbuck, Grant's and Thomson's 

gazelle, in the presence of a predator but before being attacked, may either 

move slowly away from the predator or may move after it as a group 

keeping it in sight. Under attack from larger predators most of these 
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species run, sometimes in a specialised fashion, like impala, a herd of which 

may "explode" in all directions at the moment of attack, quickly reuniting 
to run away. Animals may stott or pronk when running from certain pre- 
dators, and this is seen by KRUUK (in press) as an attempt to co-ordinate 

activity of watching conspecifics. Smaller predators, especially jackals, may 
be attacked by these species, but normally only when the predator is trying 
to capture a young antelope (Grant's and Thomson's gazelles, waterbuck, 

impala). The attack is usually made by the mother only, but rarely she may 
be aided by other herd members. Females in labour and the new-born young 
of several species depend on concealment for protection from predators. 
Sick or injured individuals also tend to leave herds and hide in thickets 

or bushes (impala, greater kudu, nyala). If these three classes of individuals 

remain in a herd they are conspicuous. The fact that they find it better to 

leave the herd to try to hide suggests that the herd provides some kind of 

protection for its unexceptional members that is not available to outstanding 
individuals. 

Except for new-born young of a few species, class D antelope do not 

attempt to make themselves inconspicuous to predators, save in the anony- 

mity of the herd. They will flee under attack from large predators, but 

are able to defend themselves successfully on occasion against most pre- 
dators. They move away from, but also show the concerted following 
reaction towards predators prior to being attacked. Like class C species, 

antelope in class D behave so as to present the predator with a mass of 

animals from which to select a victim. The reaction in which wildebeest, for 

instance, form a solid front facing a predator and walk after it, may have 

the function of denying the predator a chance to make a visual choice of a 

distinguishable victim. KRUUK (in press) records that hyaena when hunting 
wildebeest try to make the antelope run so that they may select a target. 
Class D animals may as a group chase predators quite aggressively. I have 

seen hartebeest do this to a cheetah, and wildebeest may do it to lion. How- 

ever defence of a calf is usually the responsibility of the mother alone. 

Buffalo in class E carry the communal attack even further. They are 

really vu'nerable only to lion. Whole herds will attack lions, and have been 

known to kill cubs, and possibly adults also (MAKACHA & SCHALLER, 

1969). SINCLAIR (r97o) found that buffalo herds would react to the distress 

calls of a buffalo calf, the whole herd, not just a mother, coming to the 

sound. Eland may take up a defensive attitude en masse against predators, 
and KRUUK (in press) records group defence of an eland calf being pursued 

by hyaena. 
So it seems that the larger the antelope the more prepared it is to defend 
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itself against predators and the more inclined it is to combine with others 

for anonymity or mutual defence. The distinction between those species 
which practise social defence and those that do not is an important one, but 

not easy to make. The species of predator being faced may influence 

whether or not social defence is displayed. I have, for instance, seen a 

group of hartebeest pursuing a cheetah, but know of no record of their 

doing the same to a lion. However, in general social defence, that is defence 

by one animal of an unrelated conspecific, is confined to classes D and E, 

being known in hartebeest, topi, wildebeest, eland and buffalo. 

6.3 Theoretical aspects of grouping as anti-predator r 

behaviour. 

At present there is little evidence to demonstrate that aggregation is 

effective in reducing predation in those species that practise it; we can 

only say that this is a reasonable and highly likely conclusion. If the ad- 

vantage comes in making each individual a less distinguishable target for 

attack then there would be a minimal size of group below which this effect 

failed to operate. There is also the factor of multiplied chance of the pre- 
dator being detected by a group, compared with the chance of detection by 
an individual. To some extent this must be related to numbers in a group. 
If a predator takes any finite length of time to locate, stalk, and attack an 

animal or group of animals, then any property of aggregation which in- 

creases the time needed for any of these phases of hunting will improve 
the prey's chances of not being a victim. So herds will tend to be as large 
as possible without losing cohesion and co-ordination. Alarm responses and 

reactions to overt predators are among the most allelomimetic of behaviour 

patterns in gregarious antelope. Any short-coming in food availability which 

prevents full co-ordination, as described earlier, would make it advantageous 
for antelope to reduce the size of group until co-ordination could again 
be achieved. 

Class A antelope are too small to depend on speed or aggression to prevent 

predation; they must avoid detection by some form of crypsis. Large 
numbers attempting to hide in one area would be a positive attraction to 

predators. Crypsis can be effective only for sparsely occurring animals. 

As might be expected the species which depend on crypsis are often cryptic- 

ally coloured or marked. By contrast savanna and plains antelope include 

several which are marked in bold, dark colours. Obviously there are corre- 

lations between anti-predator behaviour and habitat. Cryptic species include 

most of those that live in forest, thicket, bush or heavy woodland. The few 

grassland species which depend on lying and freezing to avoid detection 
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are usually found in long grass, as also are the young of such savanna and 

plains species as waterbuck and hartebeest during their lying-out phase 

(SPINAGE, 1969 (a); GOSLING, 1969). The mass following or threatening 
of predators by class D or E species requires that both predator and antelope 
should be visible to each other, and this is best achieved in the open country 
in which these species typically live. 

There is an interesting correlation between angle of vision and a species' 
habitat which may be relevant to anti-predator behaviour. Class A species, 
in which each individual depends on his own alertness to detect predators 
before he is himself detected, have eyes set laterally which give them excel- 

lent vision behind as well as in front. There is a progressive rotation for- 

ward of the eyes through classes B to D and E, so that species like wilde- 

beest and buffalo have very little backward vision, but may have considerable 

binocular vision forwards. This seems appropriate in open-country, fast- 

moving animals, which may have the co-operation of a group in detecting 

predators. 
There may be a relationship between seasonal risk of predation and group 

size in some species. Females of both impala (pers. recs.) and greater 
kudu (SIMPSON, 1968) in southern Africa gather in rather larger groups 
at the time of peak calving than at other times of the year. Although this 

also happens to be a time of abundant food supply, I suggest that this 

aggregation is a product of the increased risk of predation brought about 

by the presence of calves. In the Serengeti N. P., where impala breed 

throughout the year, a female and calf would rejoin the herd sooner after 

the calf's birth if there were already several calves in the herd than if the 

calf were the only one in the herd. Thus the calf avoided being an out- 

standing member of the herd (JARMAN, M. V., in prep.). ESTES (1966) 

suggests that aggregation is effective in reducing predation against wilde- 

beest calves, saying that large nursery herds always contained a higher 

proportion of calves than small nursery herds. This may be an effect 

essentially similar to that for impala, and it is impossible to tell from this 

statement whether the high proportion of calves in large herds was a 

product of less successful predation upon those herds or of a greater ten- 

dency to aggregate among females which still had calves compared with 

those that had lost or never had them. 

Lastly it may be noted that the idea that aggregation can be efficacious 

against predators has been extensively discussed with regard to fishes, and 

CUSHING & HARDEN JONES (i968) suggest that it is of advantage to 

potential prey under certain circumstances. BROCK & RIFFENBERGH (ig6o) 

suggest that the frequency of detection of prey by a predator is an inverse 
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function of the number of grouped prey. They also discuss clumping as a 

means by which prey may reduce their rate of consumption by predators. 
HAMILTON has considered herd formation as a type of cover seeking, 
which will be performed because it is of advantage to the individual. VINE 

( I97I ) further discusses the theoretical advantages of flocking. All these 

authors support, by various arguments, the idea that clumping reduces a 

prey species' vulnerability. I would agree with this, but add that herds that 

have become too large to be co-ordinated may lose some of the advantages 
of clumping when under attack. Predation appears to me to be the pressure 

inducing many antelope species to associate in herds, while the dispersion 
and availability of their food items limit the maximum size that these herds 

can achieve. 

6.4 Section summary. 

This section suggests that : 

(a) the five social classes practise different types of anti-predator behaviour, 
appropriate to their size and habitat, and to the species of predator they face. 

(b) when prey are fast enough to avoid predators once detected or strong enough to 
defend themselves, so that a group will not be subjected to inescapable, repeated attacks, 
they will benefit by herd formation. 

(c) the advantages of herd formation, inducing animals to form groups, and the 
dispersion and availability of food items, limiting the maximum size of those groups, 
between them account for the group size typical for each species. 

7. SOME OTHER RELATIONSHIPS 

We can now look at two other attributes which are related to social class, 
and to feeding style. Neither shows perfect correlation, nor should we 

expect them to. 

7.1 Body size and group size. 

It has already become apparent that body size is related to group size 

and feeding style. Small antelope tend to be solitary or pair-forming selective 

feeders, while large antelope form large groups, and the largest feed rather 

unselectively on style (d) and (e) dispersions. The extent to which this is 

a generalisation can be checked in Appendix I, and in Fig. 4 where approx- 
imate body weight for all species has been plotted against range of group 
size typical for each species. Although most lone or pair-forming species 

(class A) are at the lower end of the weight and group size range, and 

most class D and E species at the upper end, there is a central region in 

the scatter where classes A to D are all represented. 
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7.2 Typical habitat. 

The other related attribute is the typical, or preferred, habitat of species. 
Preferred habitats for each species are listed in Appendix i. In most cases 
the typical habitat is obviously related to the feeding style of the species, 

although for the smaller species one may have to consider the habitat as a 
fraction of the vegetation type (e.g. bush clumps in Acacia tortilis wood- 
land as the habitat for dik-dik) for this to be apparent. Thus only plains 

Fig. 4. Group sizes and body weights (kg) of the antelopes. Solid lines and spots indicate 
the normal range of group sizes. Dashed lines indicate the range of occasionally reported 
group sizes. Dotted lines indicate the size of seasonal aggregations of groups without 

strong social cohesion. 

or savanna provide the continuous dispersion of grasses required by style 
(d) feeders, hence class D species, such as topi or wildebeest, are typically 
associated with plains, savanna or light woodland. Class E species, like 

buffalo and eland, are also typically associated with plains, savanna or light 
woodland, although enjoying a more catholic and even less selected diet, 
are less confined to pure grassland than class D. Class B and C species 

occupy a diverse array of vegetation types from forest to semi-desert, and 
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from flood-plain to moorland. Each class C species may seasonally occupy 
a range of vegetation types, and it is perhaps this variety which charact- 
erises the class rather than any one habitat. Class A species tend to occur in 
forest or dry bush country, both habitats in which grasses are not the major 
element in the community. In these communities the growth form of plants 
presents a scattered dispersion of plant parts, hence of food items. Not all 
class A species are restricted to such habitats; both common duiker and 
steinbok may be found in savanna or certain grasslands. 

The exceptions to both these generalisations emphasise the underlying 
principle that group size is primarily related to food dispersion, body size 
and preferred habitat being secondarily related to it. Where large antelope 
and small antelope are found in the same habitat, the large ones are generally 
feeding on a less scattered food source than the small ones. Similarly when 
several antelope of similar body size are found in an ecosystem with a 

range of vegetation types, those in the smallest groups are feeding selectively 
on scattered food items, and those in the larger groups on more evenly 
dispersed items; consequently those in smaller groups tend to be in more 
forested or non-grassy vegetation types. 

8. SOCIAL ORGANISATION AND BEHAVIOUR 

The presumed relationships between the dispersion and availability of a 

species' food, its typical patterns of behaviour to avoid predation, and its 

typical size of social group have been described above. I have suggested 
that the species' reaction to its food supply and to the threat of predation 
interact to produce the typical group size. In several species the typical 
group size varies with seasonal or regional variations in availability and 

dispersion of food, and similar variations in group size may in some in- 
stances be associated with variations in the threat of predation. In relating 
these three important aspects of antelope ecology I assigned species to five 

classes, each characterised by feeding style, anti-predator behaviour and 

group size. Another major aspect of their biology can be added to these; 
the social organisation and behaviour of species is typical for each of these 
classes. Social behaviour can best be described from studied examples of 
each class. 

8.r Social organisation in the five classes. 

Class A. 

These antelopes are generally found singly or in pairs, sometimes accom- 

panied by a recent offspring. Thus their social behaviour is much concerned 
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with achieving and maintaining spacing between individuals or pairs. All 

class A species that have been studied closely have been found to be terri- 

torial, and this is probably true of the unstudied species. Their territoriality 
is of the exclusive type in which all individuals except the owner or pair 
of owners are excluded from a defended area. Some species, such as grysbok, 
steinbok in most areas, common duiker in most areas, and many of the 

forest duikers, are normally solitary, and in these it is possible that females 

hold territory separately from the males. Unfortunately these species have 

yet to be studied thoroughly and the precise relationship between the sexes 

is unknown. Obviously they must cohabit occasionally for reproduction, 
but in my records from the Zambezi valley bisexual pairs formed less than 

5a/o of over 200 sightings of grysbok groups, and 7% of 84 sightings of 

steinbok groups in Wankie N.P., Rhodesia. Common duiker also appear 
to associate only for breeding, at which time VERHEYEN (1951) states that 

the male holds territory. One class A species that normally occurs in pairs, 
Kirk's dik-dik, has been we'1 studied by TINLEY ( I969) and HENDRICHS & 

HENDRICHS (1971). In this species male and female share an identical 

territory and form a persistent pair; offspring are driven out of the territory 
as they meature (HENDRICHS & HENDRICHS, 1971). 

Scent marking is important in territorial marking, defaecation on regu- 

larly used dung heaps being particularly noticeable. Animals deposit the 

secretion of a pre-orbital gland upon plants around the dung heaps, of which 

there are many in each territory, especially on its boundaries. Both male 

and female contribute to the dung heaps and the pre-orbital gland marks, 

and offspring join in these activities while still in the parents' territory. 

Characteristically the female dungs and marks before the male. The male, 

but not the female, also scratches with his hooves at the edge of the dung 

heap (HENDRICHS & HENDRICHS, 1971). 

Many of these activities are found among other class A species. For 

instance steinbok (TINLEY, 1969; and pers. obs.), grysbok (SHORTRIDGE, 

1933), and klipspringer (TINLEY, 1969; and pers. obs.), all utilise dung 

heaps, and male steinbok will scratch around the edges of theirs. TINLEY 

(I96g) says that klipspringer neither scratch nor urinate at their heaps, 

although they leave large deposits of pre-orbital gland secretion on sur- 

rounding vegetation. Steinbok have not yet been shown to use glandular 
secretions in this fashion. Although dung heaps are not reported for forest 

Cephalophus species, several authors have commented on the regularly used 

paths of these species, which could have a function similar to dung heaps 
in ensuring an olfactory record of the owner widely distributed about his 

territory. The importance of scent marking of territory is increased by the 
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absence of other forms of display. Possession of territory is not advertised 

by calls nor by any long-distance visual displays, either of which would 
be incompatible with these species' anti-predator behaviour which depends 
upon inconspicuousness. Even in those species of whose behaviour we know 

little, like Cephalophus and Neotragus species, well developed pre-orbital, 
pedal, or other scent glands suggest that they too utilise scent marking in 
their dispersion. Interesting research by RALLS (pers. com.) on Cephalo- 
phus movcticola maxwcll£ in captivity has shown that when both sexes live 

together both take part in pre-orbital marking, and that there is a tendency 
for individuals to respond, by superimposing their own secretion, more 

strongly to marks deposited by another animal of the same sex than to 
marks left by the other sex. RALLK (I97I) reports differences in the 

pheromones produced by the sexes in their pre-orbital secretions. HEN- 
DRIcHs & HENDRICHS (I97I) suggest that while the male dik-dik evicts 

maturing juveniles of either sex from the pair's territory, the female 

parent evicts only female offspring if any. Taken together these data sug- 
gest that the occurrence of permanent bisexual pairs as in dik-dik may be 

only a special case of a general system in which males and females were 

separately and individually responsible for maintaining their own territories 
which excluded their own sex. However AESCHLIMANN (1963), also 

studying captive C. ni. maxzvelli, reports that male and female rub pre- 
orbital glands against each others faces. In artificial communities of several 

individuals, males and females showed a strong preference for doing this 

with specific partners of the opposite sex, indicating a degree of pair- 

bonding. RALLS also reports (pers. com.) that, in a one-male, two-female 

trio, one female will remain `subordinate' and to some extent excluded from 

marking activities. Similarly CHALMERS (I963) reported that captive stein- 

bok rub faces as a prelude to copulation, that one of her males would mate 

only with one particular female, and that in a one-male, two-female trio 

the male would mate with one female but attacked the other. It appears 
from this that the secretions originally used in territorial demarkation have, 
in these species, become secondarily important in individual recognition 
within the pair. HENDRICHS, & HENDRICHS (I197I) confirm that dik-dik 

are able to recognise each other by smell. 

In some circumstances class A species may associate in groups greater 
than two adults, as mentioned previously for forest duiker gathering at 

fallen fruit. Klipspringer living at high density in the Zambezi valley 

(JARMAN, 1968) were recorded in adult trios in under 10% of nearly I,ooo 

sightings of groups; in all cases a trio consisted of one male with two 

females. Lone males occurred in less than 3% of sightings. Elsewhere I 
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have recorded all-male pairs and trios, and groups up to 5 animals of both 

sexes and all ages. In very favourable habitat conditions this species appears 
to have the ability to form groups resembling those of class B species. 

Class B. 

Species in class B were typified earlier as occurring in groups of one 

to a dozen individuals. In this and many other features they lie between 

classes A and C. Their social organisation similarly bears resemblances to 
both classes. The class includes the reedbucks, rhebok, oribi, gerenuk, lesser 

kudu, and possibly bushbuck and sitatunga. This diverse group has in com- 

mon a tendency to hide to avoid predators, and to be highly selective in 

finding their nutritious but scattered food items. They differ from class A 

species in that adult females are more often than not accompanied by 
another adult female. They commonly occur in groups of more than two 

adults, for at least part of the year, in many parts of their range. Although 
VERHEYEN (1955) says that both male and female bushbuck hold individual 

territories, he does not suggest that these are defended or exclusive; they may 
as well be called home ranges. Apart from this no other author has considered 

females of class B to be territorial or taking part in territorial activities, 
and in this they differ from several examples in class A. There are good 
reasons to suppose that some, if not all, adult males of several class B 

species hold territory. This has been suggested by LEUTHOLD (1971) for 

gerenuk, and JUrrImS (1970; 1971) for southern reedbuck. My own 

observations indicate that it applies to bushbuck males in the Chobe G.R., 

Botswana, and oribi ma!es in Serengeti N.P., Tanzania. It may well apply 
to adult males of all species in this class. 

It should be emphasised here that there is as yet no positive evidence 

that any of the Tragelaphine antelope defend exclusive territories, and 

LEUTHOLD (pers. com.) believes them to be truly non-territorial. This 

view is supported by work on bushbuck by ALLSOP (quoted by LEUTHOLD, 

pers. com.) in Nairobi National Park, and WASER (pers. com.) in Queen 
Elizabeth National Park, who found that the areas occupied by adult males 

overlapped to some extent. However, I feel that the infrequency with which 

adult males are found associated suggests that some form of mutual anta- 

gonism is operating in bushbuck, sitatunga, and lesser kudu. In all aspects 

except the defence of a geographically fixed and defined area these species 
resemble others in class B in their social behaviour; the effect of the social 

behaviour is the same in the grouping and spatial distribution of castes. 

The type of territoriality obviously differs from that of class A species, 
in totally excluding only other males of a comparable social standing - 
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that is, mainly other territorial males. Young males may be tolerated in 

the territory, even in the female groups, although they remain subordinate 

to the territorial male. LEUTHOLD (1971) suggested that all fully adult 

ma'e gerenuk in his study area were territorial. One does not find a large 

proportion of the adult males of any of these species in non-territorial 

bachelor herds, although sub-adult males form such groups. Thus adult 

males of gerenuk (LEUTHOLD, I97I) and reedbuck (JUNGIUS, 1971) are 

almost invariably found singly, and my observations suggest that this is 

generally true of lesser kudu and bushbuck. In this they differ from adult 

males in classes C and D. 

TABLE I 

The tendency of adult females of class B species to aggregate 

See text and Appendix 2 for explanation. 

Female groups in these species are unstable associations, the mother- 

offspring bond being stable only until the next birth (JUNGIUS, 1970; 
LEUTHOLD, 1971). VERHEYEN (1951) thought that reedbuck males might 
hold one or more females semi-permanently within their territories; JUNGIUS 

(1971) also suggests a fixity in the male-female relationship. However it 

is clear that, when the resources of a territory are seasonally exhausted 

or burned, reedbuck will gather in larger groups, apparently abandonning 
territorial boundaries. In this they differ from most class A species. LEUT- 

HOLD (1971) states that gerenuk females have home ranges covering several 

territories, and are hence not permanently attached to one male. He found 

gerenuk group sizes ranging from I to 10, with a mean of 2,14. My records 

of gerenuk, also in Tsavo N.P., show that a third of the adult males were 

found alone, without females, as were a proportion of those recorded at 

any one time by LEUTHOLD. The same is true of adult male bushbuck 

and lesser kudu, but adult male oribi, at least in the Serengeti N.P., were 

infrequently recorded alone. Table I gives my own, and some published, 
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records of numbers of adult females of class B species in groups. The first 

column gives the mean number of adult females in groups containing 
adult females; the second column shows the number of adult females among 
which the average adult female would find herself. The difference between 

these figures is explained in Appendix 2. 

Table I indicates that adult females of all these species have a propensity 
for aggregation in very small groups. I have used this tendency, together 
with the tendency for adult males to be found singly, probably holding 

territory, as the criteria for class B. 

Scent marking with ant-orbital glands has been recorded for gerenuk, 
and is carried out only by the adult males (LEUTHOLD, 1971). LEUTHOLD 

(pers. com.) has also seen adult males of this species rubbing this gland 
on females within their territories; this is reminiscent of the bisexual face 

rubbing of blue duiker (AESCHLIMANN, 1963) and steinbok (CHALMERS, 

1963). From personal observation it appears that male oribi use the glandular 
area at the angle of the jaw for depositing scent marks. Oribi also create 

dung heaps. A lot remains to be discovered about the methods by which 

males of these species acquire and retain their territories, and the exact 

relationships between the sexes. 

Class C. 

Class C contains some of the best studied antelope species. They differ 

from those of class B in confining territoriality to only a part of the adult 

male population at any one time, and in the larger groups formed by females. 

The social organisation of a typical species contains these elements: 

For at least part of the year covering the main mating period a propor- 
tion of the adult males hold territory. At any one time territorial boundaries 

are fixed, so that the territory covers a specific, demarcated piece of ground. 
A territorial male attempts to exclude all other territorial males, and tries 

to herd all females which enter his territory, within which he has exclusive 

mating rights. He may permit bachelor herds to enter his territory, but 

in the presence of females will usually drive them away from the female 

herd. In a few species they may be kept out of the territory entirely. 

During the territorial season non-territorial adult and sub-adult males 

form bachelor herds. Sub-adult males are separated from the females' herds 

by the direct aggression of territorial males, but bachelor males are often 

allowed access to the territories. Bachelor herds are of open membership, 
but coincidence of home range leads to repeated concurrence of individuals 

in herds. 

Females gather in fairly large groups (6 to I50 or so, depending on 
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species, etc.), whose membership is open. However, like bachelors, females 

sharing a home range will repeatedly find themselves in the same herd. 
There is as yet no evidence for a perpetual mother-daughter bond in any 
of these species. Females may associate according to a particular physio- 

logical state; for instance females in late pregnancy, or females suckling 

young, may congregate. In nearly all these species females leave the herd 

to give birth and the calf lies out for varying lengths of time before joining 
the herd. In the herd calves may form creches, and individuals of similar 

age typically tend to associate. 

For the part of the year when territories are not being defended all sexes 

and ages commonly mix. 

This description applies, with minor variations, to both waterbuck species 

(VERHEYEN, 1951, 1955; KILEY-WORTHINGTON, 1965; DE VOS & DOWSETT, 

1966; CHILD & voN RICHTER, 1969; SPINAGE, I969a & b), Uganda kob 

(VERHEYEN, 1951; BUECHNER, I96IJ BUECHNER & SCHLOETH, 1965; 
LEUTHOLD, 1966), puku (DE VOS, 1965; DE VOS & DOWSETT, 1966; 
CHILD & VON RICHTER, 1969), lechwe (ROBINETTE & CHILD, 1964; DE 

VOS & DOWSETT, 1966; CHILD & VON RICHTER, 1969; LENT, 1969), 

springbok (BIGALKE, 1966, 1970), Grant's gazelle (WALTHER, 1965; ESTES, 

1967), Thomson's gazelle (WALTHER, 1964; BROOKS, 1961; ESTES, 1967), 

impala (SCHENKEL, 1966; LEUTHOLD, 1970; JARMAN, M. V., 1970, in 

prep.), greater kudu (pers. recs.), and nyala (DIXON, 1964; pers. recs.). 
The same proviso about non-territoriality of Tragelaphine species (p. 244 

above) may apply to greater kudu and nyala; but again the organisation 
of their societies, as a result of their male-female and male-male behaviour, 
is such as to make them typical members of this class. 

The contrast between this social organisation and that found in class A 

is extreme. Here we see that the class A similarity between males and females 

in their spatial distribution and behaviour leading to their distribution has 

been replaced by considerable differentiation between the sexes in their 

distribution and behaviour. In all cases where known individuals were 

observed it has been found that class C females are not confined to single 
territories, either by their own choice or by the herding activity of a male. 

They range at will within their home ranges, positioning themselves in 

relation to resources as best they can (ESTES, 1967; LEUTHOLD, I966; 

JARMAN, M. V., in prep.). Their association with other females is not dictated 

by kinship, and the tendency for females to be found regularly in the same 

group is the product of their sharing similar home ranges and perhaps being 
in the same physiological state, rather than the effect of a true affinity. 

Although males make strenuous efforts to keep females within their terri- 
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tories, they do not use their horns to assert their dominance, and females 

can generally elude a male when they want to leave a territory. The free- 

dom of movement of females is reflected in the nearly random spacing of 

impala female herds, and the impermanence of their association is shown 

by the correlation between group size and available food (pers. recs. of 

impala in Serengeti N. P.). Similar relationships between female group size 

and available food are likely to be found for several other class C species. 
Factors which are related to female group size and food availability in 

impala are rate of movement while feeding and inter-individual separation 
within the group; as both of these increase groups tend to break up into 

smaller units. 

Territorial males present a strongly contrasting picture to the free- 

ranging, freely associating females, since their associations and spatial 
distribution are limited by the conventions of territoriality. For some species 
in some areas territoriality lasts for only part of each year, while for 

others territories are defended throughout the year. Which system prevails 
seems to depend on seasonality of breeding and food supply. Species such 

as impala and waterbuck are territorial in some regions throughout the 

year, and strictly seasonal in others. The effect of seasonal food availability 
on territoriality emphasises that these territories, unlike those of class A, 
do not necessarily carry a year-long sufficiency of resources. A class A- 

style territory for animals of this size practicing feeding style (c) would 

be undefendably large. Territories must either be abandonned or shifted 

as resources fail. The shift in area covered by the mosaic of territories 

generally reflects a similar seasonal change in the females' preferred habitat. 

In impala, and probably several other species, the frequency with which 

a male has females in his territory is related to the amount of the preferred 
habitat for that season that his territory contains. This may mean that a 

restricted number of territories may attract all the females for the duration 

of a limited mating season, and holders of those territories alone will contri- 

bute to breeding. In such circumstances it may be found that the marginal 
territories are held by young or old, rather than prime, males (JARMAN M. V., 
in prep.; SPINAGE, I969b). 

While the attraction of a territory for a female in most cases lies in its 

resources rather than its male, the development of a lek system in Uganda 
kob (BUECHNER, ia6l; BUECHNER, MORRISON & LEUTHOLD, 1966) places 

dependence upon the oestrous female actively seeking to associate with a 

male. The existence of the lek system within the more usual territorial 

system is of considerable interest (LEUTHOLD, I966), but I feel that it still 

falls within the definition of Class C territorialism as being a method 
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whereby a proportion of adult males obtain exclusive mating rights by 

possession of a demarkated piece of ground without having permanent 

ownership of females. To obtain these exclusive rights a male must dominate 

all non-territorial males, and he must obtain an area of ground and defend 

it against other territorial males. M. V. JARMAN (in prep.) has shown that 

impala males within bachelor herds align themselves in a dominance hier- 

archy, and that it is only the males at the top of the hierarchy which are 

able to challenge successfully for territory. Individual position in the hier- 

archy is determined by the outcome of displays and sparring, and is appa- 

rently related to secretion from a glandular area on the forehead. In his 

progression up the hierarchy a male impala develops the skills and displays 
he will later use in obtaining, marking and defending a territory. It seems 

likely that similar systems of pre-territorial, hierarchial development will 

be found in other class C species, all of which have bachelor herds containing 
some adult males. ESTES (1967) suggested that a rank-hierarchy exists 

in Grant's gazelle bachelor herds. 

Males which lose territory may return to the bachelor herd; this is true 

of Uganda kob (LEUTHOLD, 1966), and impala (JARMAN, M. V., in prep.), 
but SPINAGE (ig6gb) found that male waterbuck in Queen Elizabeth N. P. 

were territorial for life, an old male simply getting driven into smaller, 
more marginal territories when defeated. In impala ex-territorial males 

enter the bachelor hierarchy quite low and must rise to near the top before 

again attempting to regain territory. Males which have once held a particular 

territory may attempt to regain the same territory later; this is reported 
of waterbuck, (SPIN AGE, 1 969b ) , Uganda kob (LEUTHOLD, 1966), Thom- 

son's gazelle (BROOKS, ig6i), and impala (JARMAN, M. V., 1970, in prep.). 
Bachelor herds are formed by males evicted from female herds by the 

territorial males. In most class C species this eviction occurs long before 

the individual is physically mature. In waterbuck, Grant's and Thomson's 

gazelles, puku, Uganda kob, greater kudu, and impala territorial males 

alter their tolerance of bachelor herds depending upon the presence or 

absence of females in the territory and the time of year. In general bachelors 

are more tolerated in the absence of females and are kept strictly away from 

female herds. But when territoriality is seasonally declining bachelors are 

able to enter female herds progressively more frequently, until eventually 
territories are abandonned and all social castes mingle freely. This is almost 

the only flexibility in the social organisation, and the transition period from 

territorialism to lack of it is often quite short. In the season of territorialism 

the aggression of territorial males towards bachelors may lead to a general 
shift of the bachelor population out of the area occupied by females and 
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covered by territories. This is evident for impala, waterbuck, and probably 

greater kudu in the Zambezi valley (JARMAN, P. J., 1972), and elsewhere. 

In common with all territorial male antelope class C males must be pre- 

pared to fight to gain, or hold, territory. There is no evidence for any of 

these species that display has come to replace fighting entirely, although 
serious fighting may occur rarely, or inconspicuously (SPINAGE, ig6gb), 
or during very short periods each year (JARMAN, M. V., 1970 & in prep.). 
Once in possession of a territory the means by which males advertise the 

fact are numerous. Class A species, needing to remain inconspicuous, rely 

largely upon olfactory marking. Class C species are able to add visual 

displays and calls to scent marking. LEUTHOLD ( rg66) suggested that 

Uganda kob may whistle as a territorial display, and M. V. JARMAN (in 

prep.) confirms that roaring may be associated with aggressive territorial 

activity in impala. Greater kudu call during the rut, and LENT ( rg69) has 

recorded that lechwe mates are very noisy during the rut, although he does 

not connect this calling with territoriality. However SPINAGE (I969b), and 

ESTES (1967) do not record calls used by waterbuck, and Grant's and 

Thomson's gazelles, respectively, in territorial display. 
ESTES (1967) suggested that the linked urination-defaecation behaviour 

common to all gazelles is a form of visual territorial display. The activity 
is prominent in other class C species, such as impala, in which it is very 

probably connected with territorial marking (DASMANN & MOSSMAN, 1963; 

JARMAN, M. V., in prep.). It is not difficult for a human observer to learn 

to recognise territorial males of most of these species simply by their 

stance or gait, and this particular visual advertisement is common to all 

class C species. Territorial males may develop temporary visual clues to 

their status. Impala territorial males develop significantly thicker necks 

and darker skin around the eyes than their non-territorial counterparts 
of the same age (JARMAN, M. V., in prep.). Scent marking remains im- 

portant in these species. The urination-defaecation behaviour already men- 

tioned, although performed by bachelor as well as territorial males, is 

particularly associated with territorial patrolling and marking by males of 

several species. Territorial males of nearly all class C species have been 

seen with mud and earth on their horns. Soil horning, which produces this, 

may function in keeping the horns sharp or as another visual display. Males 

of many species will also horn at bushes, or tufts of grass. In some species 
this may be done quite slowly, with pauses to smell the vegetation, and it is 

obvious that the forehead or the skin between the horns is brought in 

contact with the vegetation. Impala may forego the horning and simply 
rub the forehead delicately against the plant, sniffing at the plant before 
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and after rubbing. M. V. JARMAN (in prep.) found that when doing this 

they were wiping an oily, smelly secretion from the forehead onto the plant. 
The activity is particularly associated with territorial males. In bachelor 

herds sub-ordinate males can be seen to approach more dominant males, 
stretch out their noses, and sniff at the dominant's forehead and face, 

showing aversion afterwards. SPINAGE (I969b) has described similar 

'dominance testing' by subordinate male waterbuck sniffing at the pelage 
of a territorial male. In waterbuck he could find no specific glandular 
areas that produce the species' characteristic body odour. The glandular 
skin of impala is not externally evident, and its activity fluctuates with an 

individual's status. It is possible that similar areas of glandular skin remain 

to be found in other species in this class. Where localised glands do occur, 
as in the pre-orbital glands of Thomson's gazelle, they may be used in 

territorial marking (ESTES, 1967) ; yet the same glands in female Thomson's 

gazelle and in Grant's gazelle are not used for this. In Uganda kob, a species 

defending very small territories in conditions of excellent visibility, LEUT- 

HOLD (1966) recorded no olfactory marking of territory. 
Class C territorial males were characterised above as obtaining exclusive 

mating rights by possession of a demarcated piece of ground without per- 
manent ownership of females. Pre-copulatory display in nearly all these 

species involves a considerable amount of chasing or following of the female 

by the male, during which he employs various visual and tactile displays, 
and sometimes calls, to induce her to stand still. All of this requires space 
and time, and it is interesting that in the lek-forming Uganda kob, in which 

males ho'd very small territories, the amount of pre-copulatory perambula- 
tion is greatly reduced. Although this chasing in other species might seem 

disadvantageous in terms of lost energy and attracted predators, it does 

mean that an intruding male would be most unlikely to achieve copulation 
without the territory holder noticing. The description by LENT (1969) of 

the extent to which courtship by one male lechwe attracted the attention 

of other males in the unorganised, non-territorial breeding groups, supports 
this conclusion. 

Although males of these species can move the boundaries of their terri- 

tories, they can do this only gradually. It is often when lack of resources 

forces the whole population to abandon an area and move elsewhere that the 

territorial system collapses. Since it is largely the presence of territorial 
males that creates the typical social organisation, by segregating bachelors 
from females, there may appear to be little organisation in populations while 

they are mobile or migratory. In other cases territoriality collapses even 

though the population has remained in one locality. In these cases the 
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collapse may come about because males can not find time to attend to 

territorial duties, especially herding the faster-moving and more frequent 
female groups, as well as to find enough of the dwindling food or other 

resources to meet their daily needs. However LENT (1969) describes a 

situation among lechwe in Botswana during the season of greatest breeding 

activity in which herds showed territorial or non-territorial organisation 
depending upon the amount of habitat available to them, territoriality occur- 

ring only where small numbers of lechwe were restricted to a small area 
of suitable ground. There may be a maximum density of animals above 
which territoriality can not organise the population. 

Class D. 

Species of class D were characterised earlier as feeding on plentiful, 
evenly distributed food items taken from grasses, the animals sometimes 

needing to migrate to obtain such food in all seasons. During migration 
they may aggregate in enormous herds. It is this facility for aggregation 
which distinguishes their social grouping from that of most class C species, 
and which characterises their social behaviour as well. Unfortunately the 
best behavioural studies on class D species have been made on non-migratory 
populations or phases. Three East African species, blue wildebeest, topi, 
and Coke's hartebeest, can be used to exemplify the social organisation 

typical of this class. Each of these is found in migratory and non-migratory 
populations, or with sedentary and nomadic phases within one population. 
ESTES (1969, p. 365) summarises the distinction between organisations of 

the phases for wildebeest in Ngorongoro caldera thus: 

"(a) a sedentary pattern, featuring a permanently established territorial network, 
separate small nursery herds and segregated bachelor herds, all very local in habits ; 

(b) a nomadic grouping pattern, featuring large, mobile aggregations with attached 
bachelor herds, and temporary territories established only while an aggregation remains 
stationary. The patterns are interchangeable and may coexist in the same population, as in 
Ngorongoro. Nomadism is adapted to semi-arid environments, in which wildebeest 
reach their greatest abundance (e.g. the Serengeti Plains)." 

These descriptions apply also to topi in the Serengeti N. P. (pers. obs.) 
and in the Queen Elizabeth N. P. (ESTES, 1966), and to wildebeest in the 

Serengeti N. P. (WATSON, 1967), in which species and places both sedentary 
and nomadic grouping patterns are found; this may be true of Coke's harte- 
beest in the Athi-Kapiti ecosystem (GOSLING, pers. com.). The sedentary 
pattern only is found, throughout the year, in hartebeest in Nairobi N. P. 

(GOSLING, pers. com.). In many areas there is a seasonal alternation between 

patterns, the sedentary phase, with a ground-based mosaic of territories, 
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lasting while food is abundant, giving way to the nomadic type of aggre- 

gation when food is restricted. Such a situation is described, for instance, 

by VERHEYEN (1951) for hartebeest, and by VESEY-FITZGERALD (1955) 
for topi in the Rukwa valley. It appears that both the contemporaneous 
existence of the two patterns and the seasonal alternation between patterns 
are controlled by food supply. Several class C species show seasonal alter- 

nation between a social organisation dictated by territoriality and a non- 

territorial period when animals mingle freely, and this alternation was also 

related to food supply. However, while most class C species confine mating 

activity to the period when a fixed territorial mosaic is in operation, class D 

species may need to mate during a migratory or nomadic phase, when a 

territorial mosaic rigidly fixed to landmarks and defended over long periods 
of time would be inappropriate. 

The sedentary phase of social organisation in class D species is very 
similar to its equivalent in class C. A proportion of adult males hold terri- 

tories, which they defend against other territorial males, within which they 
herd females with whom they enjoy exclusive mating rights, and from which 

they drive out subordinate males (ESTES, 1966, 1969; VESEY-FITZGERALD, 

1955; GOSLING, pers. com.). Subordinate males form bachelor herds and 

may be driven into marginal habitat by the aggressive activity of the terri- 

torial males (ESTES, 1966; GOSLING, pers. com.). Within the bachelor 
herds of hartebeest there may be a linear dominance hierarchy, with only 

high ranking animals attempting to gain territories (GOSLING, pers. com.; 
cf. impala, JARMAN, M. V., in prep.). Female groups wander within home 

ranges that cover many territories. From casual personal observation it would 

seem that female groups of topi in the sedentary phase in the Serengeti 
N. P. may have fixed membership over an extended period, and BACKHAUS 

(1959) and ESTES (1966) thought that this was true of hartebeest and 

wildebeest female groups respectively. However GOSLING (pers. com.), who 

depended on marking and recognising individuals, could find no evidence 

of permanent association between adult female hartebeest. Female offspring 
remain with their mothers for two or three years, so the association is more 

prolonged than in most class A, B, or C species. Young male hartebeest may 
be driven from the female groups by the aggression of the mother as well 

as that of the territorial males, although the mother may for a while defend 

her son against the aggression of territorial males (GOSLING, pers. com.). 
In this sedentary phase a male's territory is undoubtedly associated with 

an area of ground which is defended. ESTES (1969) describes a central 

trampled, heavily grazed core in each territory, with which is associated 

much dung. In the absence of other influences the male spends most time 
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on this area. Similar foci for territories of topi are described by VESEY- 

FITZGERALD (1955, p. 6): "Each male has his patch of ground trampled 
bare, a little castle he can call his own where he daily deposits his dung. 
Most of the chasing and mock battles seem to be connected with defending 
this little patch of sacred ground". By his presence in the centre of his 

territory the male becomes, at least in daytime, the most prominent indication 

of an occupied territory. This is of course comparable to the situation in 

Uganda kob (LEUTHOLD, 1966), also holding small territories in conditions 

of excellent visibility. ESTES (1960) discusses at length the many displays 

by which a male wildebeest visually marks his territory. They include modi- 

fications of stance and gait, and parallels are to be found in topi and harte- 

beest. Territorial male topi stand prominently on anthills, and this presumably 
functions as a display. Hartebeest (GOSLING, pers. com.) and topi (pers. 

obs.) males may form dung heaps in their territories, and wildebeest males 

roll in dust baths; but apart from these activities deposition of olfactory 
marks is not an obvious feature of territorial activity. All these species horn 

the soil, during which Lichtenstein's hartebeest may deposit pre-orbital gland 
secretion (DORST & DANDELOT, 1970), but this is more often, in wilde- 

beest (ESTES, 1969), seen as a display in agonistic encounters than in 

isolation. Boundary encounters and transgressions seem to be relatively quite 

frequent in these species. GOSLING (pers. com.) recorded that a quarter of 

observed matings in hartebeest were interrupted by the intrusion of the 

neighbouring territorial male; no such interruptions were recorded in a 

similar number of observed impala matings (JARMAN, M. V., pers. com.). 
The inviolability of class D territories seems to depend more on the visible 

presence and activity of the male than on olfactory or other marks that 

might defend the area when he is invisible. However ESTES (z969) has 

recorded male wildebeest returning, after absence, to the territories they 
had previously held, and GOSLING (pers. com.) has excellent data showing 
that it is exceptional for male hartebeest to attempt to regain territories 

far removed from where a territory was previously held. Thus there is 

strong attachment to a particular locality in this sedentary social phase, 
both in the territoriality of the males and in the fixed home ranges of 

the females. 

It is, of course, the absence of long-term attachment to a locality which 

characterises the nomadic or migratory phase. Like many class C species, 
class D species may aggregate in relatively unstructured herds in which 

all castes mingle freely. This is more frequent in the nomadic than in the 

sedentary phase. The behaviour by which a proportion of adult males obtain 

exclusive mating rights within the mobile aggregations produces structure 
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in the population, just as it does in the sedentary phase. ESTES (ig6g) 
states that wildebeest in Ngorongoro achieve mating rights by establishing 
territories whenever the nomadic aggregations are stationary. TALBOT & 

TALBOT (1963) recognise this in saying that breeding herds merge for 

movement but are sorted out into separate herds again when they stop. 
There is some difference of opinion as to whether nomadic male wildebeest 

establish territory by defending an area of ground (ESTES, ig69), or by 

defending a zone around himself or his herd (TALBOT & TALBOT, 1963; 
WATSON, y69). I feel that the difference is only a product of time; if an 

aggregation remains stationary for some while the defended territory will 

become associated with a limited piece of ground, but if the aggregation 
moves on rapidly maintenance of territory will appear very similar to 

defending a zone about the male. In nomadic wildebeest in the Serengeti 

during the rut the distance between males may at times be as little as 

25 m. Males trying to stop and herd groups of females passing through 
the territorial mosaic round up groups of females and circle them at a 

rocking canter, repeatedly meeting neighbouring males doing the same. 

C'ashes and displays between neighbours are frequent. In these hectic con- 

ditions it is difficult to identify any inviolate area with boundaries that 

are respected by neighbours. A male's hope of keeping females seems to 

depend entirely on his circling about them repelling other males. However 

it should be noted that females do move through territories; a male does 

not attach himself to a group and move with it. TALBOT & TALBOT (r963) 
state that more than one male wildebeest may set up a temporary territory 
and share in herding the females and even in mating with them, "evidencing 
no hierarchy in their relations among themselves". This is not borne out 

by the work of ESTES (ig6g) or WATSON (r967), nor by casual observations 

by GosLrrrc (pers. com.) or myself. Of course, while an aggregation is on 

the move many males mingle with the females, and during the period when 

an aggregation has halted and is being broken into smaller herds by the 

activities of the males it is possible that two males may vie for possession 
of one group of females, and both briefly circle it. When an aggregation 
does halt it is difficult to tell whether males first establish themselves in 

relation to each other (by spacing out evenly) and only then begin to herd 

females, or whether both processes occur simultaneously. Certainly terri- 

toriality in this phase is much more related to the presence of females than 

it is in classes A, B, or C, or in the sedentary phase of class D. In this 

nomadic phase males move on with the females, stop with them, and set 

up territory in their midst, thus maximising a male's chances of finding 
females in his territory. While the males of class C species set up territory 
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on a piece of ground which may subsequently be attractive to females, 
nomadic male wildebeest set up territory only where females are. Until 
information is available for other class D species in this phase, I have to 
assume that they behave in a similar fashion to wildebeest. 

Bachelor herds accompany the nomadic aggregations of female wilde- 

beest, and the females may segregate according to age or reproductive stage. 
The same is true of topi in Rukwa (VESEY-FITZGERALD, 1955) and in the 
western Serengeti (pers. obs.). 

Class E. 

Class E contains even fewer species than class D; only buffalo, eland 
and perhaps Beisa oryx and gemsbok. Of these only buffalo has been 

investigated thoroughly, by GRIMSDELL (I969) and SINCLAIR (I970). Herds 
of buffalo differ from those of other antelope species in two important 
ways. Many reproductively mature males may be present within each herd, 
and the herd has fixed female membership. Males associate with the herd 
for prolonged periods, but a small proportion leave to form bachelor herds. 
These bachelors may rejoin the breeding herds seasonally. Each herd seems 
to act as a sub-population, moving within a fixed, almost exclusive home 

range. While defense of this range has not been detected, overlap between 

ranges of adjacent herds is slight (SINCLAIR, I970). SINCLAIR (I970) 
found that herds are spaced significantly more evenly than randomly. This 
is in contrast to the loose, freely ranging associations of impala, for instance, 
in which herds are spaced nearly randomly (pers. records for Serengeti). 
As with hartebeest in Class D, buffalo calves may associate with their 
mothers for two or three years. There are no data yet on longer association 
of parent and offspring, but it is assumed that animals remain in the herd 

they were bom into. These herds may split up during the dry season but 
remain within the home range and join again when food is abundant and 

wide-spread. The herd moves over the whole range during the year, but 

may confine its activity to certain vegetation types, and hence certain areas, 
in each season. 

Males develop a dominance hierarchy both within the breeding herd and 
in bachelor herds (SINCLAIR, I9"JO; GRIMSDELL, 1969). In classes C and D 
males climb a hierarchy as a prelude to territoriality, using the territory to 
ensure exclusive mating rights. In buffalo the hierarchy alone serves to 

protect mating rights. Hence male behavioural patterns are directed towards 

inter-individual, ranking encounters, and territorial-type displays of general- 
ised dominance are absent. 

Whether eland, Beisa oryx and gemsbok fit this picture remains to be 
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discovered. In each, breeding herds can be found containing several repro- 
ductively mature males, among which there may exist a hierarchy. There 
is an absence of territoriality, and the association of males and females 
seems to be at least semi-permanent. However, ESTES (pers. com.) believes 

oryx to be territorial, and comparable to class D species. 

Anomalies. 

Any attempt to subdivide a continuum creates problems, and when sub- 
division is based upon several sets of continuous variables, as in social 

organisation and behaviour, anomalies are likely to occur. Sufficient studies 
have been made on very few species, and results appear in forms that are 
not always comparable. The five social classes that I have described are 

only generalised groupings of similar species; it is quite possible that one 

species might fall into different classes in different areas, densities, or 
seasons. So klipspringer may be found in some areas in groups like a class B 

species, while bushbuck in some areas may usually be single like a class A 

species. Readers may consider nomadic Thomson's gazelle and springbok 
as class D species, and may be troubled by the apparent lack of a fixed 
territorial mosaic in some breeding groups of lechwe. Such thought and 
criticism will justify this review. Clearly the list of social classes may not 
be exhaustive, and there are several species which need to be considered 
in more detail. 

Very little information is available in Hippotragines, especially the desert- 

dwelling addax and scimitar-horned oryx. Beisa oryx and gemsbok have 
been tentatively placed in crass E, but only on the strength of a few personal 
records of herd compositions. Roan and sable antelope should soon be 
better understood, through the work of JOUBERT (ig7o, and in progress), 
and ESTES (in prep.), but both species appear to have declined in many 
parts of their ranges and present social organisations may not reflect their 

potentials. JOUBERT (rg7o) suggests that female groups of roan may have 
fixed membership and that separate bachelor herds occur. Some males seem 
to hold territory and move with female groups for prolonged periods,; but 
it is not clear whether male territory and female home range coincide, giving 
the male permanent possession of the females, or whether females move 
from territory to territory. Other males accompany the females and are 
subordinate to the territorial male. Sable herds appear similar in general 
form, but from my records it seems that lone adult males are more common 
than in roan, and that in most cases only one adult male accompanies a 
female herd. These suggest an organisation more similar to class C in which 
a female group is not the exclusive possession of one male. 
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The Tragelaphines contain a greater array of social classes than any other 

family. Among their species bongo presents an interesting problem. It is 

exceptional for a forest antelope in being large and occurring in herds of 

up to 30 or more. There is considerable sexual dimorphism, and males are 

often found singly. It might resemble class C species like greater kudu 
or nyala, or class E species like eland, its closest relative. 

All the Alcelaphines have tentatively been included in class D. Hunter's 

hartebeest may be found to have an entirely class-C-type of social organisa- 
tion, since it appears not to be nomadic to the same extent as the other 

members of this family. 

8.2 Social organisation, group size, and food dis- 

persion. 

By suggesting that the five classes, distinguished by characteristics of 

their grouping and by their feeding strategies, show recognisably distinct 

types of social organisation, I have implied that these types of social organi- 
sation are in some way re!ated to grouping and feeding styles. Without 

any evidence for causation the relationships I am about to describe can not 

be shown to act in one direction rather than another; that is, we can not 

say that group size dictates social organisation, or z^ice versa, but must 

simply accept that the two are related since when one changes the other 

does also. However there are, for several species, strong indications that 

the typical social organisation does not dictate either group size or feeding 

style. This is clear in those species, such as impala, in which the social 

organisation imposed by the activities of territorial males is present for 

only part of the year. For the rest of the year their society is far less 

structured, lacking the more typical sexual segregation, yet group size 

and feeding style are uninfluenced by this. If I am right in arguing that 

the social organisation of each species is related to its typical group size 

and feeding style, then it follows that, at least for impala and others like 

it, the species' social organisation is in some ways a secondary product of its 

other characteristics. I would suggest that the social organisation observed 

for each species is that which most fully suits the species' feeding style, 
habitat, and group size. The form of this suitability is discussed below. 

8.3 Male mating rights and social organisation. 

The five social classes show some kind of a progression in their types 
of territoriality. The class A male's territory provides him, and often his 

mate and offspring, with all resources throughout the year for several 
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years. The class B male's territory is similarly sufficient for himself, but 
not for females, which pass in small groups through his territory. In class C 
and the sedentary phase of class D the territory may not contain sufficient 
resources even for the male for a whole year, but it will function efficiently 
if it attracts females, and supports the male, during the breeding season. 
In the nomadic phase of class D the territory (or pseudo-territory as 
WATSON (1969) calls it) is even less related to resources. Rather than 

establishing himself where he hopes females will come, such a male estab- 
lishes himself where the females are at that moment, defending an area 
around himself and a group of females. Here we have a progression from 
class A, totally sufficient, resource-based territories, to nomadic class D 
defended zones, established purely for mating rights with almost no regard 
for the male's resource requirements. In all these types of territoriality the 
male ensures his mating rights by being the only adult male with the 
females. In class E a male depends upon his dominance to achieve mating 
rights. So, rather than working to exclude other males from an area in 

preparation for the advent of an oestrus female, he is able to exert 
dominance when this is finally required in the detected presence of an 
oestrus female. 

The differences between these ways of achieving mating rights obviously 
reflect differences in the probability that a male of each class has of 

finding oestrus females at any one place at any one time. In the highly 
sedentary, strictly localised species of class A each female can and will 

stay in one small area throughout the year. To achieve mating rights 
with her a male has only to stay with her and exclude all other males. This 
is efficiently achieved by pair-bonding and defending a territory. In class C 
and the sedentary phase of class D however, no male could defend a territory 
large enough to include the whole year's home range of a female, and pair- 
bonding does not seem to have occurred within the herds into which the 
animals typically aggregate for feeding. Males in these classes improve 
their chances of achieving matings by establishing a defendable territory in 
a place where females are most likely to occur, because of attractive resour- 
ces rather than the attractive male. He then has only to exclude other 

males, either from the territory or from the female herd. In these species 
the typical social organisation is the product, largely, of the territorial 
males' reactions towards other social castes. Sexual dimorphism and even 
the sex ratio (see below) can be seen as functions of the inter-male com- 

petition for territory. All the flamboyance of form and display in these 
males is, I suggest, a product of the females' occurring in aggregations 
and moving over large home ranges. In the migratory form of class D, 
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the probability of females being found at any one point is so low, because 

of the nature of their food sources, that males must move with them and 

establish territories where they temporarily stop to ensure any matings. 
For similar reasons males in class E appear to lack true territoriality, 

depending instead upon asserting their individual dominance over other 

males in the presence of an oestrus female to achieve mating rights. 

8.4 Social organisation, sexual dimorphism and sex 

ratio. 

The extent of differentiation between male and female behaviour varies 

between the five social classes, being greatest in class C, least in class A. 

In classes D and E males and females share a common way of life in the 

large herds, during movement and in anti-predator behaviour for instance, 
but differentiate in breeding behaviour. Associated with these behavioural 

differences between the sexes are secondary physical differences. Antelope 
can show sexual dimorphism in body size, colouring, and the possession of 

adornments such as horns. 

Sexual dimorphism in weight is small in class A species, but, most 

interestingly, females may occasionally be heavier than males. Thus com- 

mon duiker males average 91%, grysbok males 84%, and Kirk's dik-dik 

males 08% of their respective females' weights. Steinbok males average 

104%, and klipspringer males Iosjlo of their females' weights. In class B 

dimorphism in weight varies from slight in oribi, in which males are 100% 
of female weight, through southern reedbuck at 110%, to mountain reed- 

buck with males 147% of female weight. Bushbuck and sitatunga males 

may be even heavier relative to females. Dimorphism in class C ranges from 

males being 120% of female weight in puku, through 125% in Thomson's 

gazelle, 126% in waterbuck, 140% in lechwe, 145% in impale, 150% in 

Grant's gazelle, 153% in greater kudu, to 155% in Uganda kob. Dimor- 

phism seems to be less in class D, where males are 100% of female weight 
in Lichtenstein's hartebeest and bubal hartebeest, III% in blesbok, 120% 
in blue wildebeest, and 127% in black wildebeest. While Beisa oryx males 

are only I lO% of female weight, male buffalo and eland, in class E, may 
be 150% or more of their average females' weights. These ratios, derived 

from a miscellany of sources, need closer critical examination. In classes 

C, D, and E the use of an average weight of adult males probably masks 

an important feature of the dimorphism. In these species males continue 

to develop after the age at which females mature sexually, and even after 

their own sexual maturity. This prolonged growth is involved in an indi- 

vidual's development in the male hierarchy. The degree of sexual dimor- 
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phism increases with the individual's maturation, both physically and within 

the hierarchy. In buffalo and eland, animals at the top of the hierarchy 

may be nearly twice the weight of females. 

Sexual dimorphism in colouring and adornment is most apparent in 

species of classes B and C, especially in the Tragelaphines. In all cases 

males are, to human eyes, the more spectacularly marked sex. Similarly 
horns are carried by both sexes in classes D and E, but only by males in 

classes A, B, and C with the exception of springbok and the gazelles. Male 

horns are usually distinguishable from female horns in classes D and E, 
but the differences are generally slight ones of size rather than shape; 
but in the gazelles of class C male horns may be extremely different in 

shape from female's, as in some races of Grant's gazelle. Horns of female 

Thomson's gazelle are often deformed or missing. Horns form less than 

1% of the body weight of most class A, D, and E males, but in some 

class C species, like waterbuck and impala, are twice that. In greater kudu 

they can form nearly 5% of the male's body weight. In shape the horns 

of class C males are by far the most flamboyant, and project relatively 
furthest from the head. 

It is among species of class C that one finds the lowest proportion of 

adult males consorting with females, at least during breeding seasons. 

There are several aspects to this situation, which is a product of the behav- 

iour of territorial males towards other males. Their aggression may drive 

other males, not only from the breeding herds, but often right away from 

the area occupied by the breeding herds. This may force them into marginal 
habitat where they may suffer relatively greater mortality than the females. 
The net result is a disparate sex ratio. Measuring the sex ratio in an area 

gives a local impression of the results of these processes, rather than an 

accurate sample of the sex ratio of the whole population. Nevertheless 
from what figures are available it appears that the adult sex ratio in class A 

is close to parity; in c1ass B the proportion of males drops; in class C 

the ratio may be as low as 25 males to 100 females locally; while in classes 
D and E the proportion of males to females is higher, although not at 

parity. A more critical approach to this aspect of social biology would be 

to assess what ratio of males to females took part in breeding each year. 
This approach might show species in classes D and E with ratios of sexually 
effective males to females even lower than in class C species. 

8.5 Section summary. 

This section suggested that the social organisation typical of each species was related to 
other attributes discussed earlier, especially feeding style and group size. The types of 
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social organisation typical of the five classes were described. Some anomalies were 
discussed. 
It was then suggested that : 

(a) the social organisation depends largely upon the activity of males in securing 
mating rights. 

(b) the strategy adopted by a male to secure mating rights depended upon the probability 
of his finding females. This in turn depended upon the species' feeding style and 
tendency to aggregate. 

(c) sexual dimorphism, and in some cases adult sex ratio, may be related to social 
organisation through their relation to the activities of males in pursuit of mating rights. 

9. DISCUSSION 

This paper sets out to demonstrate that the African antelope species 
exhibit a range of types of social organisation, each of which can be related 

to a type of dispersion of eaten food items. The relationships between 

aspects of each species' ecology and behaviour are considered to be: 

(i) that antelope show a range of feeding styles, each of which is related 
to selecting food items of a specific type of dispersion; 

(ii) that these feeding styles are among the most important determinants 
of group size, either directly, or indirectly through such activities as anti- 

predator behaviour; 

(iii) that group size and feeding style together dictate the probability 
of females being found in a given place at a given moment; 

(iv) that this probability of female location determines the kind of 

strategy males use to maximise their chances of obtaining matings; 

(v) and that it is these strategies which are generally seen as the major 
part of "social behaviour", and which produce the species-specific social 

organisation. 
The relationships are not, I believe, confined to African antelopes, and 

the similarities between this hypothesis and that for primates presented 

by CROOK ( i97o) has already been mentioned. Some of the relationships 

apply to other African herbivores, I believe, as well as to deer and perhaps 

gallinaceous birds. However the antelope are a large group within which it 

should be possible to test these ideas critically by measuring, in a com- 

parative fashion, some of the characteristics discussed here. 

SUMMARY 

The types of social organisation displayed by the African antelope species have been 
assigned in this paper to five classes, distinguished largely by the strategies used by 
the reproductively active males in securing mating rights, and the effects of those 
strategies on other social castes. The paper attempts to show that these strategies are 
appropriate to each class because of the effects of other, ecological, aspects of their 
ways of life. 
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The paper describes different feeding styles among antelope, in terms of selection of 
food items and coverage of home ranges. It argues that these feeding styles bear a 
relationship to maximum group size of feeding animals through the influence of 
dispersion of food items upon group cohesion. The feeding styles also bear a relationship 
to body size and to habitat choice, both of which influence the antelope species' anti- 
predator behaviour. Thus feeding style is related to anti-predator behaviour which, in 
many species, influences minimum group size. Group size and the pattern of movement 
over the annual home range affect the likelihood of females being found in a given 
place at a given time, and it is this likelihood which, to a large extent, determines the 
kind of strategy a male must employ to achieve mating rights. 

The effects of the different strategies employed by males can be seen in such aspects 
of each species' biology as sexual dimorphism, adult sex ratio, and differential distribu- 
tion of the sexes. 
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ZUSAMMENFASSUNG 

Die afrikanischen Antilopen zeigen viele verschiedene Formen sozialer Organisation, 
die in dieser Arbeit fünf Typen 1) zugeordnet werden. Diese unterscheiden sich vor- 
wiegend in der "Strategie" (Art und Weise der Organisation), nach welcher die an der 
Fortpflanzung beteiligten Männchen sich ausschliessliche Paarungsvorrechte sichern, und 
in den Auswirkungen dieser Strategien auf Angehörige anderer sozialer Klassen. In 
einer vergleichenden Uebersicht versucht der Autor zu zeigen, dass diese Strategien 
für jeden Sozialtyp den ökologischen Anforderungen der Lebensweise gerecht werden 
(Faktoren des Lebensraums, des Nahrungserwerbs, der Feindvermeidung und -abwehr, 
usw.) 

Verschiedene Ernährungsweisen werden beschrieben, unter besonderer Berücksichti- 
gung der Nahrungsauswahl und der Art und Weise, wie und wie intensiv der Wohn- 
raum bei der Nahrungssuche durchstreift wird. Es wird dargelegt, dass die maximale 
Gruppengrösse in einer Population zur Ernährungsweise der Art in Beziehung steht, 
da sich die Verteilung der Nahrung im Lebensraum auf den Gruppenzusammenhalt aus- 
wirkt. Ferner besteht ein Zusammenhang zwischen der Ernährungsweise einer Art und 
ihrer Körpergrösse sowie Biotopwahl, die beide das Feindverhalten beeinflussen. Somit 
ergibt sich eine Beziehung zwischen Ernährungsweise und Feindverhalten, welch letzteres 
sich seinerseits bei manchen Arten auf die minimale Gruppengrösse auswirkt. 

Die Gruppengrösse aber, und das Muster von Wanderungen im Tages- und Jahres- 
verlauf, beeinflussen die Wahrscheinlichkeit, dass zu einer bestimmten Zeit an einem 
bestimmten Ort Weibchen zu finden sind. Diese Wahrscheinlichkeit bestimmt weitgehend 
die Art der Strategie, die ein Männchen zur Gewinnung ausschliesslicher Paarungs- 
vorrechte anwenden muss. 

Die diversen männlichen Strategien finden ihren Niederschlag in verschiedenen Aspek- 
ten der Biologie einer Art, so im Grad des Sexualdimorphismus, im Geschlechterverhält- 
nis bei Adulttieren und in der verschiedenartigen Verteilung der Geschlechter im Lebens- 
raum. 

1) Im englischen Text als "classes" bezeichnet. 
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APPENDIX 2 

TYPICAL GROUP SIZE 

While mean group size may be a useful measurement in certain circumstances where 
an observer's relationship to groups of animals is being investigated, it does not give an 
accurate measure of the average animal's experience within its group. If we want to 
consider the effect of group size on an average individual's life within the group, then 
mean group size may be quite misleading. This can best be illustrated by examples. 

In both situations the populations of io animals was found in four groups so mean group 
size was 2.5. This may be a reasonable picture of the group environment for animals in 
Situation 2, but obviously the majority of individuals in Situation i found themselves 
in a group considerably bigger than 2.5. A more relevant measure would be the size of 
group in which the average animal found itself. This can be derived by adding up the 
size of group in which each individual found itself and dividing by the total population. 
In Situation i this would give: 

and N is the total population. 
It should be noted that this figure is always greater than the mean group size, unless 

that is i. 


