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Abstract 

Results are presented from three months' observation of 30 adults 

in a troop of 70 yellow baboons in Tanzania. Data were collected by 

sampling subjects' location and association, and by ad libitum obser-

vation of social interaction. An attempt was made to correct for 

observability bias in the latter. 

The troop showed a tendency to spatial patterning of individuals, 

both stationary and during progression; while some of its features 

may have provided predator-protection, it appeared that its proximal 

causes were largely social factors described below. 

Mothers with young infants tended to associate together, and 

attracted much grooming from other females; they contrasted strongly 

with pregnant females, who associated and interacted much less. 

Affiliation between the sexes involved cycling females with higher 

ranking adult males and mothers with prime adult males. Males' 

differences reflected age; subadults interacted merely with cycling 

females; young newcomer adults interacted often with cycling females 

and peripheral pregnant females; the prime adults had also established 

relations with the mothers; while older adults either were no longer 

favoured by females or were excluded from them by prime males. These 

contrasts were reflected in that males who associated with mothers 

were spatially central in the troop (i.e. 'focal' males). 

Presenting and mounting were also frequent between cycling females 

and high-ranked adult males, but mothers were little involved. Mounting 

within each sex tended to be from dominant to subordinate, and females 

mounted each other more often than elsewhere. 

Agonistic interactions revealed a linear hierarchy in both sexes, 

which predicted individuals' rates of several behaviours. However 

agonism between males was more frequent and more often uprank than 

that between females. Between the sexes, males supplanted cycling 

females often, reflecting their mating associations. The males who 

spent most time with mothers also interacted frequently with their 

infants, including in protectiveness and buffering against one another 

as well as against newcomers. These focal males also allied together 

often, while the newcomers rarely allied but were often the victims 

of alliances. 
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• Among females, interaction (but not association) tended to be 

more frequent between closer-rankers. In affiliation, this may 

reflect kinship: in antagonism, it may reflect the maintenance of 

dominance relations between close-ranked matrilines; but other 

explanations are discussed. 

Features of mating were a tendency for series-mount copulations, 

and for the copulation-call to be more frequent near midcycle and 

when the male ejaculated. Mating caused appreciable male-male 

competition, and male-male aggression was more frequent when more 

females were in oestrus. In this, high-rankers were at an advantage, 

and mated more. However, middle-rankers increased their relative 

mating success by alliance, by possessiveness to particular females, 

and by capitalising on lapses in the high-rankers' consortships. 

Females appeared to prefer high ranking males, but such preferences 

could be over-ridden by male-male interactions. 
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1 • 1 Previous studies 

The earliest field studies of baboons were conducted in S. Africa 

by Marais (1939)  and Zuckerman (1932),  and later Bolwig (1959):  but 

quantitative studies were not initiated until more recently both there 

(Hall, 1962; Stoltz & Saayman, 1970) and in E. Africa (DeVore & 

Hall, 1965; Howell, 1969a; Altmann & Altmann, 1970).  These agree 

that savanna baboons, the olive, yellow, and chacma, form multi-male 

troops numbering usually between 10 and 100. These troops use large 

overlapping home ranges, with core areas, and their distribution is 

limitedby permanent water and sale sleeping sites. 

Some of the early studies focussed on the adaptive aspects of 

group-life, such as progression order and predator-defence, as a 

possible model for hominid behaviour (e.g. Washburn & DeVore, 1961). 

They also described many details of social behaviour, but their 

description included two misconceptions which have since been widely 

quoted. The first was that baboon society, which comprised closed 

groups, was organised around the dominance hierarchy of adult males 

(Hall & DeVore, 1965)! However, subsequent studies showed that 

troops are not closed (Howell, 1969a; Altmann and Altmann, 1970; 

Ransom, 1971):  males generally leave their natal troop by adulthood, 

to breed elsewhere, and may transfer again subsequently (Packer, 1 975, 

1979a). 	Furthermore,, male dominance relations are not very stable, 

although usually hierarchical (Hausfater, 1975;  Packer,  1979b). 

In contrast, females very rarely change troops (Ransom ibid.; 

Rasmussen, K. pers. con.), so that the troop comprises matrilines 

of females and their offspring, and the adult males are not permanent 

members (Howell ibid.). Also, dominance relations between females 

are more stable than those between males (Hausfater, 1975),  and 

daughters take dominance ranks close to their mothers' (Moore, 1978). 

Kinship therefore determines much interaction (Nash, 1978b).  Thus 

the male dominance hierarchy is not the main element of social structure: 

in the long-term, bonds between females are probably more important 

(also Hausfater ibid. p.68). 
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The second misconception, related to the first, was that male 

dominance was connected with particular behaviours or roles, such as 

mating, aggressiveness, group defence, and protection of infants 

(Han & DeVore, 1965). However this pattern probably only applies 

in troops with one conspicuously dominant adult male, because in 

troops with more males these behaviours vary independently (compare 

Rowell, 1967a; Saayman, 19711; Hausfater, 1975;  Seyfarth,  1978a & b). 

There are also no a priori reasons why dominance ranks should determine 

roles (Hinde, 1978). 

Current field studies have moved from general descriptions to 

include fine analyses of relationships (Seyfarth, 1976; Altmann, 

1980), or examination of specific questions (Packer, 1979a,b).  The 

original purpose of this study was to test hypotheses about male 

dominance, mating success, and mate selection in a well documented 

baboon troop. However, for reasons financial and political, the 

fieldwork had instead to be completed in a shorter time and at a 

new study site, so the scope of the study was widened to include a 

description of social structure. This description is presented in 

detail, in the belief that our understanding of baboon social behaviour 

can be increased in two ways. The first is to monitor long-ten 

changes in particular troops, as is being done at Amboseli, Gilgil, 

Gombe, Mikumi and Moremi. The second is to compare a larger sample 

of troops, covering all kinds of baboon in a variety of habitats and 

over a range of troop-compositions. This study is a contribution 

to the second of these, and describes social behaviour of one troop 

at a new study site. The majority is therefore descriptive and 

uses specific hypotheses mainly as a key to that description: the 

original hypotheses about mating are tested in the final chapters. 

1.2 Social structure 

Social behaviour is affected by environment largely through the 

pattern of availability of foods (Clutton-Brock & Harvey, 1978), 

which determines whether females feed separately or in groups: 

this in turn dictates the mating strategy of the males, and thus 

the social organisation (i.e. whether one-male or multi-male troops 

etc.) (Wranghan, 1980). 	As permitted by these factors, male and 

female must establish relationships which allow then to reproduce, 

and it is the pattern of these relationships among adults and 

immatures which comprise the social structure of the group (Hinde, 1976). 
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The data for this study are the social interactions recorded 

between its subjects. Any description of social structure based 

simply on interactions has one important caveat: to consider simply 

'who does what to whom' may not recognise all the affinities between 

animals, since the same affinity may be expressed in a variety of 

ways (Mason, 1978) and some affinities may not be expressed at all, 

through inhibition or competition (Vaitl, 1978). In treating of 

interactions, Hinds (1976) proposes that by analysing their content, 

quality, and patterning we may resolve them into relationships, and 

these relationships in turn into social structure. Furthermore, 

comparisons of social structure across groups may reveal universal 

processes, which he terms deep structure (e.g. Seyfarth et al., 1978). 

The data in this study do not lend themselves to an accurate description 

of relationships: this is first because the study was so short that 

scant data are available for some pairs: secondly it is because the 

data were collected by jd libitum sampling, which meant that the 

proportion of different kinds of interaction in any pair reflect in 

part the diffential observability of each kind of interaction. 

Also the study design was biassed to selective recording of certain 

behaviours. Therefore the interaction content in any relationship 

may be misrepresented. The approach in analysis has instead been 

to examine the patterning of each kind of behaviour separately, and 

then to compare these patterns to detect the underlying relationships. 

Descriptions of interactions themselves may become complicated, 

because they often involve more than two animals. It is well-

established that interactions and relationships are both greatly 

affected by the presence of other group-members (e.g. Kummer, Gotz 

& Angst, 1974; Vaitl, 1978), and the possible combinations of 

participants, interactions, and outcomes increase as group-size 

increases. This problem is further discussed in terms of agonistic 

behaviour (6.2.2b; 6 part 7). 

An important feature of social structure is that it is not 

static. Relationships continually change as animals mature, change 

groups, and die, while groups themselves may grow and divide 

(Rowell, 1967c; Nash, 1976) or even change with season (Iladick, 

1 975). This study was particularly short in relation to the lifetime 

of its subjects, and data were usually insufficient to monitor changes 
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in pairs' interactions over time. However some behavioural changes 

coincident with birth of infants, resumption of cycling, and menstrual 

cycle stages have been assessed (esp. Chapters 7 & 8). 

Another feature of social behaviour is that individuals may vary 

greatly: they may take different behavioural routes to the same goal, 

possibly within a range in which natural selection is of little effect 

(linde, 1975). Although there are models of mixed heritable strategies 

of behaviour which provide a promising approach to this variability 

(Maynard Smith & Price, 1973), it is not clear that they can account 

for the great range of variations observed. Particular attention 

has been paid here to individual differences, because they may suggest 

social factors other than gender, dominance rank, reproductive state 

etc. that may affect behaviour: the males have been compared especially, 

in part because more data on them were available. 

•There is increasing evidence that social interaction is affected 

by kinship (e.g. Nash, 1978b; Sade, 1968; Walters, 1981) although 

it is hard to separate the effect of kinship from that of familiarity 

alone. There was no information on kinship among the adults in this 

study: it was merely assumed that adult females and natal males shared 

a similar range of relatedness, but that immigrant (i.e. adult) males 

were not closely related to them nor to each other (2.111b; Packer, 

1977a, Appendix A). 

Chapters 3 to  of this thesis present data on social structure in 

terms of spatial factors, and different categories of interaction, in 

turn. The third chapter describes the spatial distribution of troop-

members: thereafter are described affiliation, in terms of association 

and grooming (oh. Li), and agonistic behaviour including aggression 

(Oh. 6). 	Sociosexual behaviours (presenting, mounting etc.) are 

treated separately since they combine elements of affiliation, agonism, 

and sexual behaviour (Ch. 5). The distribution of each behaviour 

between subjects is analysed according to the same general hypotheses 

and as far as possible by the same methods. Initially the sexes are 

compared, on the basis that they differ in size, kinship, and 

reproductive constraints (L.i.i, 6.4.1, 6.4.6). 	Then classes are 

compared within each sex: adult and subadult males differs nrion 

(2.IIIb): and reproductive state affects females through nutritional 

needs, affiliation with males, and the attractiveness of infants. 
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Secondly, the effects of dominance rank (estimated as in 6, part 3) 

are examined: this is expected to affect affiliative behaviour, since 

high rankers may be more attractive (Seyfarth, 1976)  or more successful 

in access to favoured partners (4.3.9a): and to affect agonistic 

behaviour because position in the hierarchy reflects the number of 

others to whom a subject may give, or from whom receive, agonistic 

interaction (6.5.1). 

Thirdly, interactions between partners close in rank are compared 

with those more distant: affiliative behaviours may be more frequent 

between close rankers (as explained in 4.3.1). 	Conversely, agonistic 

interaction and competition may be more intense between opponents of 

similar competitive ability (6.6.1). 

Finally, comment is made on the context and quality of interaction. 

This is in the firm belief that it is impossible to interpret quantit-

ative data without knowing the kinds of situation in which each 

behaviour occurs, and that particular interactions may reveal 

affiliations or inhibitions which are not apparent during the normal 

course of events. 

1.3 Mating and sexual selection 

Chapters 7 and 8 of this thesis are concerned with mating. The 

first of these portrays behavioural changes occurring over the menstrual 

cycle, notably in interaction between male and female including 

consortship. These data are presented for comparison with those of 

Rowell (1967a), Saayman (197 0 ), Hausfater (1975)  and Seyfarth (1978a), 

and details of mating behaviour are discussed. Essentially however 

this provides a background to Chapter 8, which investigates what 

factors caused the large differences in male mating success. This 

question originally arose because Devore's (1965) study concluded 

that baboons lived in closed groups in which one or a few males 

fathered most offspring, ideal conditions for rapid evolutionary change 

(Wright, 1940). Later research suggests that the opposite is true: 

migration is frequent (above) and evolutionary rates have been low 

(Bush et al., 1977). 	The phenotypic differences seen between troops 

(By-lea & Sanders, 1980) are more likely to reflect female kinship 

lineages, or habitat quality. However the intensity of mating 

competition reported by DeVore suggested also that there might be 

strong sexual selection for the attributes of mating success (e.g. 



male dominance), and a number of studies have e,m1ned this in baboons 

and macaques (8.3.1). 

Sexual selection occurs because one sex (usually the female) 

invests more than the other in the production and nutrition of 

gametes (Darwin, 1871;  Bateman, 19)48), and in parental care 

(Trivers, 1972). The reproductive success of the female is therefore 

limited by the number of offspring she can rear in her lifetime, and 

the main way in which she can increase this during mating is by 

ensuring the quality of her mates. In contrast, the male invests so 

much less in each offspring that, unless paternal care is essential, 

he is free to mate elsewhere: his reproductive success is limited 

only by the number and fecundity of his mates. A male's priority is 

therefore to increase the number of his matings, and this leads to 

competition so that males vary much more in reproductive success than 

do females. The intensity of sexual selection is measured by this 

variance in reproductive success in the competing sex. Although in 

some species the relative investment of each sex may be equalised or 

reversed, leading to monogamy (Kleiman, 1977)  or polyandry (Jenni, 

19714, yet baboons conform to the typical case outlined above which 

tends to produce polygyny. 

The female's priority to choose good mates may provide a powerful 

selective force. Fisher (1930) emphasised that if males showed any 

external sign of heritable quality, females who could recognise it 

would leave more offspring: this would initiate runaway selection 

both for the sign and the ability to recognise it (Maynard Smith, 1958; 

O'Donald, 1962). Favoured traits might be those with high survival 

value (e.g. in predator defence), or of advantage in mating competition 

(McLaren, 1967), or in attracting mates (Weatherhead & Robertson, 1979). 

A female so choosing would confer these benefits on her sons. Alternat-

ively, females might favour those males most likely to enhance immediate 

survival of their offspring, e.g. protective males (Trivers, 1972; 

Williams, G.C. 1 975). 	Female choice is evidently effective in insects 

(e.g. Crankshaw, 1979), fish (Parr, 1980), amphibians (Ryan, 1980), 

many birds (e.g. Searcy, 1979) and some mammals (Beach, 1970)  including 

primates (8.4.1). 
Conversely, any genetic traits enhancing competitive ability will 

be favoured in the competing sex. Many species show competition in 
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which the large males (Davies & Halliday, 1979)  or the high-rankers 

(Geist, 1971;  Grubb, 1974; LeBoeuf, 1974; Lott, 1979)  are more 

successful, and losers may even be killed (Wilkinson & Shank, 1976). 

Few studies have yet indicated that male competition leads to lifetime 

differences in reproductive success (e.g. Gibson & Guinness, 1980). 

Male competition is related to female choice in that even if females 

do not choose, intense competition will still ensure that their mates 

are of high quality; females may therefore accept the outcome of such 

competition, and may even incite it for this purpose (Cox & LeBoemf, 

1977, also 7.11.1b & d). 

Evidence for the importance of competition comes from two other 

sources. First, many species have a breeding sex-ratio which is 

female biassed. This may result from increased mortality during 

male competition (NcLaren, 1967;  Trivers, 1972). But it also arises 

when there is delayed maturation in the males, by which they defer 

their reproductive effort to the age at which they are most likely to 

succeed (Selander, 1972; Wiley, 1974; Clutton-Brock & Harvey, 1977). 

The skewed sex-ratio in savanna baboons is at least in part because 

males take longer to reach adulthood (Altmann et al., 1977). 

Secondly, the sexual dimorphism is often interpreted as the result 

of competition in one sex: the theory of sexual selection was in part 

proposed to explain dimorphism (Darwin, 1871). This is most convincing 

for dimorphic features which are definitely used in competition, such 

as antlers (Clutton-Brocketal., 1980). However, dimorphism can seldom 

be attributed to intrasexual competition alone: it may also have been 

favoured by female choice, or by selective factors independent of mating, 

such as predator-defence. This is almost to be expected, since females 

may benefit from choosing features which enhance competition and defence, 

as explained above: the large size and canine teeth of male baboons 

provide a good example. Dimorphism merely implies that the selective 

forces acting upon males and females are different (Fisher, 1930; 

Ralls, 1976). The nutritional load of reproduction may favour small 

size in females (Roberto Prisancho et al. , 1973;  Dovmhower, 1976), and 

this may apply to baboons, where competition with males has increased 

female canine size but not body size (Harveyetal., 1978). 	Conversely, 

largeness in males may represent the energetic optimum without these 

demands of motherhood: or be to counter predation-risk when transferring 



troops. Despite these caveats there is considerable agreement that 

much primate dimorphism has been selected sexually (Clutton-Brock & 

Harvey, 1977). 	This applies particularly to sexual swellings (7.11.1b) 

and to the independent variation of body size and genital size in 

different mating systems (short, 1979;  Harcourt at al., in press). 

The importance of male-male competition, and the effectiveness 

of female choice in primates, are discussed by Crook (1972),  Goss-

Custard et al. (1972),  Howell  (19714),  Bernstein  (1976),  Hanby (1976), 

Kolata (1976) and others (refs. also in 8.3.1, 8.14.1). 	The crucial 

deficits in our knowledge are that no study has been long enough to 

show that primate males differ in lifetime reproductive success, let 

alone relate success to any male characteristics: and that we lack 

quantitative data on female choice and its effects. The present 

study was too short to remedy either, but Chapter 8 demonstrates 

several mechanisms affecting competition and choice. Comparison 

with other studies may allow us to assess the importance of these 

mechanisms. 

I 
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Location, Animals and Methods 

A. Location and Animals 

2 I. Preliminaries 

The field study was made during five months beginning in mid-August 

1975. A preliminary period of general observation and study-design 

was followed by 84 days of data collection, between Oct. 10th 1975  and 

Jan. 15th 1976. The troop had been observed and habituated over the 

previous year by Peter Ngatwika and Leonidas Mathias of Tanzania 

National Parks. These two, with Juliet Oliver and Phyllis Lee of 

Cambridge University, provided valuable background data which are 

credited to them when cited below. 

2.11 a) Habitat 

The study was conducted in Ruaha National Park, Tanzania 

(7°40 1 5. 340551E:  altitude 3000-5000 it). 	The vegetation has been 

described by Bjornstadt (1976, 1977). 	The troop ranged over 60 

square kilometres (Oliver pers. comm.), comprising upland savanna of 

which three zones were distinct. The first was the channel of the 

Great Ruaha River. The river bed provided broad swards of Cv -perus, 

and the banks supported belts of Tamarindus-Newtonia ripa.rian forest 

with the stands of. Acacia albida in which the troop usually slept. 

The second zone was the floodplain of the river, with grassland of 

Chloris and Sporobolus, and open woodland of Acacia tanganyikensis. 

The third and largest zone comprised gentle slopes bordering the 

floodplain, covered by bushland of Combretum and Turraea and crossed 

by seasonal streams lined by Anisotes and Feretia. The river was 

the only permanent water-source, but these streams, and inland pools, 

were plentiful in the wet season. 

2.11 b) Fauna 

The troop's range overlapped with those of at least eight other 

baboon troops (Oliver, pers. comm.), and there were numerous vervet 

monkeys (Cercopithecus aethiops pygerythrus) and bushbabies 

(Galago spp.). 	Ungulates were common, especially impala 

(Aepyceros melampus'J, greater kudu (Tragelaphus strepsiceros), 
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buffalo (Syncerus caner), waterbuck (Kobus defassa) and elephant 

(Loxodonta africans.). Predators included lions (Panthers.), 

leopard (Panthera parduz), hyaena (Crocuta crocuta), wild dog 

(Lycaon pictus), jackals (Canis ad.iustus), crocodile (Crocodylus 

niloticus), and raptorial birds. 

III. The baboons 

2.111 a) Taxonomy 

The baboons at Ruaha are yellow baboons similar to those studied 

at Anboseli (Altmann & Altmann, 1970) and Mikumi (Rhine at al,, 1979). 

The five kinds of open-country baboon, hamadryas, guinea, olive, 

chacma and yellow, have been considered separate species (Jolly,C.1966; 

Napier & Napier, 1967; Hill, 1970).  More recent evidence of gene 

flow between them suggests that some or all are conspecific 

(Thorington & Groves, 1970; Jolly & Brett, 1 973; Szalay & Delson, 

1979), unless evidence of reduced hybrid fertility can be obtained. 

The study troop are therefore assigned to Papio cynocephalus 

cynocephalus (Linnaeus, 1766),  and they and other subspecies are 

referred to here by their common names. 

2.111 b) The study troop 

(i) Age-sex classification 

The troop chosen, Nsembe troop, comprised between 70 and 72 baboons 

classified as follows: 

Adult males: 	Males of full body size, canine eruption, and mane. 

Subadult males: Males larger than adult females, but without full 

development of canines or mane (discussed below). 

Adult females: Pull-sized females, showing normal sexual cycles if 

not pregnant or lactating. 

Iatures: 	All other animals, subdivided irrespective of sex as: 

Juveniles: 	All inmatures older than one year 

Brown infants: Of known age between six months and one year. 

Predominant coat colour brown. 

Black infants: Of known age up to six months. Predominant 

coat colour black in most cases. 

The troop's composition is summarised in Table 2.1. All the adult 

females were known to have had at least one offspring by the end of the 
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Table 2.1 	Troop composition 

Females 	 Males 

Adults 	 19 	 8 - (7) 

Subadu].ts 	 - 	 4 - (3) 

Juveniles 	 11 	 16 

Brown infants 	 5 	 3 

Black infants 	 3 - (i) 	 5 

Table 2.fl Absences of males, and reproductive changes 
of females 

Subject Event Date/Duration Time 
(
obs e 

s)
rved 

Al absence 26 Oct (part) 
11 27. Oct & 28 Oct (part) 
It 3 Jan (part) 

435.4 

it 4 Jan (part) 5 & 6 

A2 it 
 4 Jan (part) 440.7 

Si it 10-21 	Oct 
it 14 Dec onwards 

248. 3 

83 U  10 Dec 444.6 

A6 death 7 Jan 399.5 

Fl onset of cycling 9 Dec 264.0 + 181.6 

P6 11 14 Nov 150.4 + 295. 2  

P7 It 9 Dec 264.0 + 181.6. 

P11 It  9 Dec 264.0 + 181.6 

P13 13 Dec 283.0 + 162.5 

P17 8 Dec 261.0 + 184.6 

P12 birth of infant 14 Dec 336.9 + 108.7 

P18 it 
 23 Dec 288.7 + 156.9 
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study. Two juvenile females showed adolescent sexual cycles but did 

not conceive. It is unlikely that more than three of the male 

juveniles were fertile (from Altmann at PI., 1977;  Packer, 1979a). 

The rationale for distinguishing adult from subadult males was 

that in all long-term field studies it is clear that males approaching 

adulthood leave the troop in which they were born, and reside in other 

troops to breed (Packer, 1975,  1979a and refs. therein). 	The evidence 

at Ruaha agrees with this: between May 1975  and December 1978, six 

males, who were either large juveniles or subadults at the time of this 

study, left the troop: and nine adult males joined the troop to reside 

(Ngatwika, pers. comm.). 	Therefore the distinction between subaduit 

and adult males coincides with Packer's separation of natal and trans-

ferred males, and it is almost certain that the subadults were offspring 

of females in Msembe troop while the adults were not. 

2.111 b.(ii) Female reproductive classes 

Adult females were distinguished according to reproductive condition 

as: 

Pregnant: Females between the cessation of full perineal cycles and 

the birth of an infant. Recognisable latterly by the deep red 

colour of the paracallosal skin. 

Mothers: Females with a dependent black infant, below six months old. 

Lactating: Females with a dependent brown infant, or who had not 

resumed cycling. 

Cycling: Females showing menstrual cycles with perineal swelling. 

The femaleO classification as pregnant, mothers, lactating or 

cycling will be referred to as their reproductive state. This is to 

be distinguished from the stages of the menstrual cycle, referred to 

as cycle state, and classified as follows: 

Inflating: the sex skin increasing in size, usually bright 

red and shiny. 

Fall:the final week of inflation, thus the seven days 

before the onset of deflation. The sex skin attains 

maximum size (discussed further below). 

Deflation: the sex skin decreases in size, becoming limp 

and wrinkled. 

Flat: 	the sex-skin quiescent, not swollen. 
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The period of full-swelling is so defined because conception may occur 

during the seven days before deflation (Hendricicc and Kraemer, 1969): 

in some cycles the swelling did not reach full size until four days 

before deflation, but all seven days were considered as "full". 

Notation of the days within the cycle is described in Chapter 7. 

Inflation and full swelling together are referred to as turgescence, 

deflation and flat as deturgescence. 

2.111 c) The subjects of the study 

All adult males and females, and the four subadult males, were 

selected as the subjects of this study, total 31 animals. They were 

individually named, and are here referred to in the text by using the 

prefixes A for adult male, S for subadult male, and P for adult female, 

and the suffix in each case of their dominance rank within their class. 

Thus adult males number Al to AS, subadults Si to 84, and females Fl to 

P19. 	(The assignment of dominance ranks is described in Chapter 6). 

All were present for the 445.6  hours of data collection, except for 

the absences listed in Table 2.fl,which also shows the duration of 

observations before and after each of eight females changed reproductive 

state. 

2.111 c.(i) Age 

The age of non-adults was estimated from their size. Age of 

adults was estimated from condition of body and coat, tooth-wear, 

and skin-texture of face and ears. These criteria permit only crude 

estimates. 

- 	The adult males were classified as young (Al and A2), prime 

(A3, A4, A5), ageing (A6 and A7) and aged (AS). The subadults ranged 

from just above female size 04) to adult male size (si), with 52 and 

53 similar and intermediate. 

2.111 c.(ii) Seniority 

Seniority refers to the relative length of time transferred males 

have been resident in a troop (Packer, 1979a).  The eight adult males 

could be divided on this basis into two newcomers, Al and A2, who 

joined the troop five months before the start of data collection, and 

the remaining six residents who had all been present at least twelve 

months (Ngatwika &Nathias, pers. comm.). 
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2.111 c.(iii) Subjects excluded from analysis 

Two subjects became ill. A6 died during the final week of the 

study, after nine days of a respiratory ailment. Because his 

symptoms were slight, and his normally low interaction rate little 

altered, all of his data have been retained in analysis. P11 

suffered hairloss and weakness in the hindlimbs and lumbar region 

for most of the study, and her behaviour was unusual. She moved 

slowly, usually peripherally, interacted little, and during her 

menstrual cycle she was not attractive to males although she appeared 

hypersensitive to tactile stimuli. Her data have therefore been 

omitted from analyses of rates of female-female and male-female 

interaction, and of reproductive and cycle state changes. However, 

because she interacted no less frequently than other peripheral 

animals, and presumably had kin in the troop, she has not been 

excluded from portrayal of the network of relationships in the 

troop. 

Because Fl resumed cycling while still classified as a mother, 

her interactions after December 8th have not been included as 

representative of either mothers or cycling females. 

Interactions between adults and immatures have been retained for 

analysis, on the grounds that they contribute to the social relations 

of each adult. However, because they were not all reliably ident-

ified or even sexed in the field, their interactions have not been 

analysed in detail. The juveniles were the focus of separate 

studies by Oliver & Lee (1978). and Lee and Oliver (1979). 
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B. Methods 

2. IV. Data collection 

The baboons were habituated to the presence of humans within 

5-15 metres, and observations were made while moving on foot among 
them. Data were recorded on check sheets, and binoculars were used 

to aid identification of distant subjects. 

It was intended to study the behaviour of all 31 subjects. 

Although focal animal sampling would have yielded high quality data, 

there was not enough time available to obtain enough data on all 

subjects by this method. Instead, ad libitum sampling was chosen 

(ntmazm,.J.1974), in which data are recorded from all subjects in 

view at once. Although the data are of lower quality, this method 

permits the recording of fax more interactions, and was suitable in 

the good visibility conditions found at Ruaha. Another reason for 

this decision was the risk of coming upon buffalo and elephant at 

dangerously close range: ad libitum sampling involves constant 

scanning over a wide area, therefore reducing this risk, and also 

allows unscheduled breaks in observation, to avoid confrontation. 

The major disadvantage of ad libitum sampling is that not all 

subjects are in view for an equal amount of time, and observations 

may also be biassed by the observer's interests (Altmann J. 1974). 

Accordingly a schedule of instantaneous samples on each subject in 

turn was introduced, to force the observer to search continually 

through the troop and to increase the chances that each subject would 

be seen equally in any behaviour. This sampling schedule will now 

be described (Sections V to VIII below). 

2. V. Instantaneous samples of spatial data 

This procedure was devised to record association between subjects, 

and to record their location in the troop. Both association and 

location are states that vary continually, so that instantaneous 

(point) sampling is an appropriate method to record them 

(Altmann J. 1974). 

2.VI. Choice of subject 

The ideal method for ensuring that subjects are chosen for 

sampling without respect to their association or location at the 
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time is to sample in sequence from a predetermined randomly ordered 

list. However, subjects took too long to find, and it was not possible 

to sample all 31 within one day's observation period by this means. 

Therefore, to speed up sampling, some choice was introduced: the 

random-ordered list was divided into triplets, and the subject chosen 

for each sample was the first member of the next triplet seen who 

satisfied the following criteria. 	To be eligible, the subject had 

to be at least. 25 metres from the site of the previous sample, could 

not have featured in it as an associate, and must not have been sampled 

in the previous hour nor more than once that day. In some cases, 

members of triplets were given priority if their sample total to date 

had lagged behind, or if they had changed reproductive state, but 

such priorities were assigned before the start of the day's sampling. 

2.VII. Sample interval 

Each sample was taken on the first minute alter the subject was 

chosen. It was important to ensure that consecutive samples of assoc-

iation were independent, even though they had different subjects. 

Thus if B was A's associate in one sample, the likelihood that B 

would be C's associate in the next would be affected by C's tendency 

to associate with A, unless sufficient time had elapsed to allow mixing. 

Pilot-data was collected to estimate the rate of mixing. All subjects 

then known (27 of the t) were followed for an average of 51 minutes 

each, and the identity of the nearest male and female neighbour within 

15 metres were recorded on every minute. The 1381  records so obtained 

included 378  associations between pairs: of these, 40% persisted over 

two consecutive minutes, 24.7 0/6 for three, 13.9% for four, and only 

7.8% for five. Therefore, over the whole study, samples were taken 

on every 5th minute or as soon as possible thereafter. The mean 

sample interval was 6.6 minutes, with 5 minutes the mode, and 90 the 

maximum. 

2.VflI. Data recorded 

An average of 130.8 samples was taken on each subject (range 

between 81 and 142), and at each sample the following procedure was 

carried out: 
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Association. An instantaneous sample was made on the minute 

recording the identity of the nearest male and female subjects within 

15m of the focal subject. Immediately a focal animal sample was 

made on the same subject through the ensuing minute, recording the 

identity of all other subjects passing within 15m of the focal 

subject. The focal subject's grooming partners were excluded from 

the on-minute records, but included in the through-minute ones. 

The distance of 15m was chosen as a reasonable distance uniting 

animals which appeared to travel together within the wider limits of 

the troop. Records did not distinguish whether subject or associate 

was responsible for their proximity. 

The on-minute data are the basis for the analyses in Chapter 4. 
The more plentiful through-the-minute records were used for more 

detailed analyses of male-male agonism (Chapter 6) and cycle-state 

changes (chapters 7 and o). 
Location. On the minute was recorded the focal subject's location 

in the troop. If there were five or more baboons (of any age, but 

excluding the subject's dependent infant) within 25m radius, the 

subject was in a cluster. If there were fewer than five, but there 

were no more than two baboons beyond the subject in a general direction 

away from the troop's centre of mass, subjectively judged, the subject 

was at the edge. But if there were more than two, it was in the 

middle. 	If the troop was travelling, the edge was divided in 

relation to the line of travel of the troop's centre of mass as front 

or rear (if in line) or the sides. 

Troop state. At the time of the sample, the activity of the 

majority of the the troop was classified as static - the majority 

not travelling, most resting or feeding - or in slow progression 

- the majority travelling and feeding, often widely dispersed - or in 

fast progression - all baboons travelling in the same direction, 

within a relatively small area for the troop. 

Spatial data of these three kind.s were recorded even when the 

troop was moving rapidly, in contrast to the procedure of Kummer 

(1968) and ]Deag (1974). 
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2.IX. One-zero sampling of consortship 

Sexual consortship between male and female (Chapters 7 and 8) is 

another state, but one which cannot usually be recognised instant-

aneously. It was therefore recorded by one-zero sampling: 

observation-time was divided into 15-minute time-blocs, and in each 

of these each cycling female was designated in or out of consort with 

an adult or subadult male, on the basis of ad libitum observation 

through that tine. 	Of those consortships judged to be continuous, 

the mean length was 99.3 minutes (range one to 420), an estimate 

limited by the duration of observation on those days which averaged 

313 minutes. However, 30% of these consortships were less than 15 

minutes long, so that one-zero sampling may have inaccurately estimated 

the consort-time of any pairs who typically had short consortships 

(Dunbar, 1976; Tyler, 1979). 	Therefore little weight is given to 

findings on this measure. The 15 minute sample was also used to 

record the presence of any male subject within 25m of the consort 

pair (excluding any male who was at the time in consort with another 

female). These data axe used in Chapters 7 and 8. 

2.X. Ad libitum recording of social behaviour 

Ad libitum observations were made in the intervals between 

instantaneous samples, often while searching for focal subjects. 

All social interactions involving at least one of the 31 subjects 

were recorded, noting the type of interaction (described below), the 

identity of the participants, and the time. If either participant 

could not be identified, the interaction was retained for analysis 

of the behaviour of the other. 

The social behaviours recorded were chosen to reveal patterns of 

affiliation (grooming and some socio-sexual behaviours), agonism 

(approach-retreat interactions, aggression, and some socio-sexual 

behaviours), sexual behaviour (intromitted mounts), and possessive 

behaviours (triadic interactions in which one animal is denied access 

to a second by the behaviour of a third). The definitions of these 

behaviours are given in Appendix I. 

The categories of interaction were only grossly defined, because 

in ad libitum observation, often at a distance, it is not possible 

to reliably record fine details, nor always to determine which 
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partner approached or left the other. Although most behaviours were 

events of short duration two were not: grooming was of relatively 

longer duration, but was recorded as an event since bout-length could 

not be measured adlibittm (Chapter 4). Secondly, aggression often 

involved prolonged exchanges of gestures, the recording of which is 

described in Chapter 6. 

2.11. Sources of bias in the data 

2.11 a) Bias in instantaneous sampling 

The likelihood that any subject had at least one male or female 

within 15m  was much affected by whether the troop was static, or in 

slow or fast progression, at the time of sampling (Table 2.111). 

Unfortunately subjects were not sampled equally in the three troop 

states, and so their records of association with each sex might not 

have been comparable. For each subject was calculated the expected 

number of its samples for which male and female neighbours would have 

been present; first on the nul hypothesis that individuals would not 

differ; and secondly on the nul hypothesis that individuals would 

have neighbours present entirely in proportion to the number of 

their samples taken in each troop state, in relation to the neighbour 

probabilities found in those states (from Table .2.111). Data in 

Table 21V show that the two sets of expected scores were almost 

identical, but that observed scores differed markedly: since the 

individual differences could not be the product of sampling bias, it 

has been discounted in analysis. 

2.11 b) Bias caused by unequal sampling of subjects 

Instantaneous samples were not taken equally on all subjects: 

so that more interactions might have been recorded for those who were 

sampled more. Most females were sampled for an average of 129.5 

times (± s.d. 1.6), but the high priority females, those who resumed 

cycling or gave birth, were sampled on average 140.6 times (± s.d.  1.4). 

As a result the low priority females might have been seen in only 

92.1% as many interactions as the high priority ones. But data in 

Table 2.V show that they were only seen in 65.5% of the number of the 

high priority females interactions. This is a significant difference 

(Mann-Whitney U = 15, N310 , p < .o), and it is not explained by 
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Table 2.PT 

The percentage of association samples in which subjects had at least 

one male or female neighbour within 15m, subdivided according to 

Troop State at the time of the samples 

% with % with Total samples female male 

Troop State 

Static 64.3 50.8 2628 

Slow progression 51.7 34.0 1337 

Fast progression 65.3 38.7 75 

Overall 60.2 45.0 4040 

X2 
59.79 102.35 

probability (ar 2) p<.00l p C.001 

values are derived from comparing the proportion of all samples 
with or without neighbours across the three troop—states. 

Table 2.IV 

Chi squared values derived from four 2 x 31 comparisons between the 

number of association samples in which each subject.had male or 

female neighbours, and the numbers expected from two nul hypotheses 

described in the text 

Female 	 Male 

	

neighbours 	 neighbours 

Expected compared with 
troop—state expected 	 0.141 	 0.359 

p 0.99 	 p 0.99 

Troop—state expected 
compared with observed 	56.937 	 95.085 

	

PC.01 	 pc.001 

	

N=2448 samples 	N=1824 samples 
between 31 subjects 	between 31 subjects 
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Table 2.T 

Differences between the interaction scores of females given high-

and low-priority in instantaneous sampling 

Mean number of interactions with all partners by females in high-

and low-priority groups 

Low priority (N=10) 	High priority (N=B) 

	

197.5 	 301.5 

sth 	 22.6 	 90.8 
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sampling bias because even when the high-priority females' scores are 

reduced to 92.1% of their original value, they remain significantly 

above those of the low priority females (u = 17, N810 , P = 0.05). 

The effect of sampling bias is therefore trivial in relation to other 

differences between the sets of females, and has been discounted in 

analysis. 

2.XI c.(i) Bias in ad libitum recording 

Biases may arise in ad libitum sampling in at least three ways 

(Altmann J. 1974). 
First, an observer who is more interested in particular animals 

or behaviours may tend to miss those in which he is less interested. 

The prime interests in this study were the relations between the sexes, 

especially involving cycling females, and the agonistic relationships 

within each sex. It is undeniable that less interesting interactions 

may have been overlooked when the interaction rates were high, yet 

rates were usually low enough to scan equally all subjects in view. 

It is also undeniable that the interactions of the more conspicuous 

animals, such as adult males, may have been noticed more. 

The second possible bias is that animals may behave differently 

under cover than when in view: low-ranking males may be inhibited 

from mating in the sight of high-rankers. However, at Ruaha baboons 

spent little time in thick vegetation, and it is by no means inevitable 

that when out of the observer's sight they were out of sight of other 

baboons. But for those who were out of sight more than others, the 

usual reason was not that they were under cover, but rather on the 

periphery, where there was probably less opportunity to interact. 

This point introduces the third bias, which is that if animals 

are not in view for equal amounts of time they will not be seen 

interacting equally often. During sampling it was difficult to tell 

how much time each subject was in view, and this is important because 

most observation time was inevitably spent in the more crowded parts 

of the troop. Therefore an attempt was made to measure differences 

in observability between animals, to see whether they alone could 

account for the observed differences in behaviour. 
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2.XI c.(ii) Observability ratings 

The observability of each animal was assessed by making 360 °  visual 

scans, dictating the names of all subjects seen into a tape recorder. 

In order that visibility at such times differed as little as possible 

from conditions during routine data collection, the scans were inter-

posed between the instantaneous samples of daily observations, on ten 

days between November 23rd and January 10th. The scans were made 

immediately after each focal sample, from the same location, and took 

between 20 seconds and two minutes each. On average 55.4% of the 

subjects could be seen in each scan. Scans were apportioned equally 

after the focal samples of every subject, as far as possible, to 

ensure that they were made equally from all parts of the troop. 

The observability rating of each subject was the number of scans in 

which it was seen as a percentage of the number of scans in which it 

might have been seen. That is, from the 391 scans taken were excluded 

all those made when the subject was absent from the troop. Also excluded 

were all scans taken immediately after the subject's own instantaneous 

samples: this is because subjects were certain to be seen in the scan 

after their own focal sample, but they differed individually in the 

proportion of scans for which this was the case. This exclusion 

reduced mean observability ratings by 2%, but allowed accurate 

comparison of subjects. 	The subjects' observability differences were 

consistent between the first and second halves of the scanning 

programme (comparing ratings before and after December 31st, Spearman 

rank correlation, r 5  0.590,  n = 29, p C .02) so that all data were used 

in compiling the overall ratings which appear in Pig. 2.1. 	Subjects' 

observability ranged from 38.1 to 65.39/6  (i 53.9 s.d.  6.5). 

211 c.(iii) The effect of observability 

To assess the extent to which individuals' variance in interaction 

rate could be attributed to observability differences, subjects' 

rates of behaviour exchanged with all partners were compared with 

their observability ratings by Spearman rank correlation coefficient 

(Table 2.fl). Comparisons in each behaviour were made separately 

for males and females. Only two behaviours were significantly 

related to observability, and 25% of comparisons suggested a negative 

relationship. The proportion of the variance due to observability 

was nowhere very high: most strongly for male copulation, male-male 
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70 

50 

40 
I, 

E 
•= 30 

0 
20 

4) 
U 
0 10 
CL 

AAAAASAAASSS 
	

MC IS IS L C LC LC ii P L It MLC IS L II  It PM P 

123451678234 
	

1 	4 	1 	10 	13 	16 	19 

Observability differences between subjects. The percent of 
time for which each subject was in view, estimated from 391 scans over 
360°. Males and females in descending order of dominance rank from the 
left, subadult males cross—hatched, females' reproductive states shown 
as C - cycling, P - pregnant, M - mothers, L - lactating 9  and the sick 
female P11 indicated by a 



Table 2.71 

The relationship between subjects' ranks for rates of behaviour given 

and received with all partners, and their ranks for observability. 

In each column is shown the Spearman rank correlation coefficient 

(r2 ) and the square of that, as percent (which is the percent of 

variance in behaviour attributable to observability differences). 

Behaviour Females: 	(11=19) Males: (n=12) 

r (r) 2x100 r (r)2x100 

Grooming -given .020 0.0 .459 21.1 

-rec -.037 0.1 -.004 0.0 

Presents -given -.068 0.5 

-rec .144 2.1 

Mounts -given .406 16.5 .466 21.7 

-rec .011 0.0 -.063 0.4 

Avoidance -rec .215 4.6 .070 0.5 

-given -.341 11.7 .032  0.1 

Supplant -given .393 15.4 .343 11.7 

-rec .264 7.0 .106 1.1 

Aggression -given .320 10.2 .322 10.4 

-rec -.163 2.7 .378 14.3 

Copulations -given .790 62.4 

Passes -given .049 0.2 

-rec .176 3.1 

Male contact-given .699* 48.9 

-rec -.161 2.6 

Male interacts .574 33.0 
with infant 

* 	 ** 
P C .05 	p C .01 
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contact, male-infant interaction, male grooming, and male mounting. 

It was concluded that very little behavioural variance was caused by 

observability alone, but enough that it should be corrected for in 

analysis. 

2.XI c.(iv) Correcting for observability differences 

Although observability differences explained only a small 

proportion of individual variability, yet they may still have 

exaggerated or masked real individual differences. Therefore all 

analyses of individuals' behaviour were repeated using the observ-

ability correction of Drickamer (1974a).  Each subject's observed 

rate was corrected to a rate expected had it been in view all the 

time. This was done by dividing the observed rate by the proportion 

of time for which the subject had been in view (i.e. the subject's 

observability rating expressed as a proportion). This has the 

effect of relatively increasing the rates of the less observable subjects. 

The results of the analyses of observed scores which follow are only 

accepted if they are also confirmed by the analysis of corrected scores, 

which is probably a conservative procedure, for the following reason. 

J. Altmann (1974) and Symons (1978, p.165) describe objections 

to the use of such correction factors. A real objection in this study 

was that the less observable subjects spent less time near other 

baboons. The amount of time that subjects spent in clusters (Section 

VIII b) above) was correlated with their observability ratings 

(Spearman rank correlations: over all subjects, r 5  0.723,  n31: 

males only, r5  0.797, n12: females only r 5  0.691, n19: all 

probabilities <.oi). 	This implies that the less observable animals 
may have had less opportunity to interact, so that to relatively 

increase their rates with the observability correction may produce 

even less accurate estimates of individual variability. 

Despite this, the observability correction is retained here as a 

check on the analyses of raw scores. It usually produced only slit 

changes in the rank-orders of class members, or in the relative 

distributions of class scores. 
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2.XI d) Biases caused by the time of day of observations 

and seasonal changes 

(i) Time of day 

The number of focal samples and observation hours in each period 

of the day axe shown in Table 2211. Most data were recorded before 

3.00 p.m., which may have biased against certain types of interaction. 

The troopts activity pattern was usually predictable: 

Early morning: a period of rest at the base of the 

sleeping trees, with grooming frequent. Seldom 

more than half an hour except in rain. 

The troop moves onto the river flats to feed on 

Cyperu.s. 	Supplanting frequent. 

The troop travels inland, foraging, starting 9.30-10.30: 

interactions less frequent, except sometimes for a 

period of rest and grooming at the far point of travel. 

Return to the river, to drink, at noon or shortly after. 

Usually a rest period, with grooming frequent. 

Afternoon: slow foraging near the river. 

The observation period sometimes included the early social period, 

always included the mornings feeding and supplanting, and usually 

also the mid-day rest and grooming. Instantaneous samples on each 

subject showed the same distribution over five two-hour time-blocks 

starting at 6.30 a.m. (t2  99.5, d.f. 120, n.s.). 	However, time of 

day affected the distribution of adult social behaviour within and 

between the sexes (Tab 2.V11Ia) ;  and also the types of interaction 

seen (Tab.2.vnb). Therefore the number of interactions of each 

type within and between each sex are compared as pooled mean rates 

per dyad-hour (Section XII c.(iv)) in Fig. 2.2. Most behaviours 

were most frequent before 9.00 a.m., decreasing steadily thereafter. 

However the routine of ending observation around 2.00 p.m. may have 

discriminated against recording grooming (especially between females), 

and supplants and aggression (especially between males). 

2.XI d. (ii) Seasonal changes 

Figs. 2.3 and 2.4 show time changes over the study in association 

and interaction among subjects. There were no clear changes in 

relations between males. 	Female-female association increased, 
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Table 2.'fl1 	Time of day of observations 

The number of instantaneous samples, observation hours, and the 

number of days contributing, at each time of day 

Time: 	7 	8 	9 	10 	11 	12 	1 	2 	3 	4 

Samples: 	6 224 596 646 643 681 616 387 188 46 50 	4083 

Hours: 	.6 25.2 62.8 73.6 73.3 72.8  63.6  41.9 20.9 5.4 5.6 	445.6 

Days: 	2 49 74 77 75 74 73 56  33 9 4 	max.84 

Table 2.7111 	Time of day of behaviours 

a) The numbers of interactions between adults at different times 

of day 

Time: earlier 8 9 10 11 	12 1 2 later 

Grooming: 98 59 73 87 101 139 71 66 

Presents: 28 45 37 24 23 22 11 17 

Mounts: 83 94 52 41 35 25 11 10 

Intromitte d 
43 85 81 56 37 56 37 18 

mounts: 

Avoids: 46 110 78 72 70 41 22 21 

Supplant 177 334 257 209 142 173 103 96 

Aggression: 90 223 164 135  126 118 97 61 

258.01 

(if 42. p <.001 

b) The distribution of interactions within and between sexes at 

different times of day 

Male to 
male: 	177 	434 306 236 	152 	196 	147 	106 

IMIMM 
female: 	228 	378 333 254 	234 	214 	113 	108 

Female to 
male: 	59 	73 	63 	59 	70 	67 	35 	39 

Female to 
female: 	128 	186 139 133 	136 	148 	102 	81 

89.37 

df 21. p<.00l 

32 



FIG 2.2 
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g. 2.2. 	Time of day of social behaviours. For each behaviour is 
shown the pooled mean rate per thousand dyad-hours in eight time-blocks 
through the day, from before 8.00 a.m. till after 2.00 p.m. Rates are 
presented separately according to sex of donor and recipient, with the 
number of interactions to right of each histogram. The rate of male-
infant interaction is calculated per fifty male-hours, to save space. 
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FIG 2.3 
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Elg- 2.3. Variation in the presence of male and female neighbours in 
each fortnight. For each subject was calculated the percent of its assoc-
iation samples in which male or female neighbours were present during 
each two-week period. The figure shows the means of these scores for: 
a adult males (a. A), 4 subadult males (a----), 6 females who resumed 
cycling (o--o), 2 who gave birth (o.--c), and 9  females who did 
neither (• •). 
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FIG 2.4 
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especially for females who gave birth and those who did not change 

reproductive state, but there was only slight increase in interaction. 

Associations between the sexes changed in that the females who 

resumed cycling, or gave birth, had male neighbours more often later 

in the study: this parallels an increase in interaction between 

the sexes, especially after week 8. 

These changes might be attributed to the onset of the rains in 

week 8, which brought a flush of new vegetation, and the baboons fed 

and rested more, and travelled less (Oliver & Lee, 1978). 	Such 

changes may have permitted the increases in association and interaction. 

However this cause cannot be distinguished from the female reproductive 

changes: after the first rain, five females resumed cycling within 

two weeks, and two gave birth within the month. The data on 

association and interaction suggest that the behavioural changes were 

not general to all subjects, which implies that the reproductive changes 

were probably more important. In the ensuing analyses, comparisons of 

behaviour before and after the resumption of cycling, and the birth of 

infants, cannot therefore be attributed entirely to the reproductive 

changes, since ecological factors may have influenced rates Of 

behaviour directly. 

2.XII. Measures of behaviour 

Because females changed reproductive state, and males were 

sometimes absent, behavioural measures have often been calculated 

over short periods within the study as well as over the entire study 

(Sections XII a) to c) below). 

2. XII a) Whole and part sample data 

Association frequencies, and interaction rates calculated over 

the whole duration of the study are referred to as whole-sample data. 

But measures calculated for a female before and after her change in 

reproductive state,- or shorter permutations between females who 

changed state at different times, are referred to as part-sample data. 

2.XXI b) Neighbour frequency 

Subjectst instantaneous samples of association records were used 

to calculate dyadic neighbour frequencies between subject and 

neighbour. The dyadic neighbour frequency was the number of times 
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the partner was nearest neighbour to the subject, expressed as percent in 

of the number of samples taken on the subject while the neighbour was the 

troop. The same method was used to calculate part-sample neighbour 

frequencies, but using only the data from the relevant part of the 

study. 	These frequencies were used to calculate each subject's 

dyadic mean neighbour frequency with all members of particular classes. 

Part-sample frequencies based on less than 30 samples were excluded 

from analyses. 

2. XII c) Interaction rates 

Interaction rates were calculated for each subject both with and 

without accounting for the number of partners available, as follows: 

2. XII c.(i) Subject rate 

The number of times the subject gave or received a behaviour was 

divided by the number of observation hours for which it had been in 

the troop. This measure reflects the rate at which the subject 

performed or received the behaviour irrespective of partner 

availability. 

2.XII c.(ii) Dyadic rate 

The number of times the subject gave or received a behaviour with 

a particular partner was divided by the number of observation-hours 

for which they had both been in the troop. For part-sample rates, 

both interactions and time-base were limited to those during the 

period of the part-sample. 

2 XII c. (iii) Dyadic mean rate 

For each subject, this was the mean of its dyadic rates to each 

partner in the class under consideration. For behaviours which were 

not given randomly to dominants and subordinates, dyadic mean rates 

within sex were calculated separately uprank (to dominants) and 

downrank (to subordinates). Dyadic part-sample rates based on 

less than 1000 minutes of observation were excluded from analysis. 
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2. XII c. (iv) Pooled mean rate 

For each subject, the number of interactions with all partners in 

a given class were divided by the sum of observation hours with all 

members of that class. If all partners were available for an equal 

amount of time this rate is the same as the dyadic mean rate. 

Pooled mean rate was used for rate calculations in each stage of 

the menstrual cycle, since dyadic mean rates based on such short 

periods were more susceptible to random fluctuation. 

All interaction rates were expressed per 100 hours, because of 

the generally low rates per partner-hour. All are underestimates of 

real interaction rates, due to ad libitum sampling. During analyses, 

the observability correction (Section XI c.(iv)) was applied to all 

these rates except dyadic rates ((b) above). 

2. XII d) Subject rate compared with mean &vadic rate 

To answer questions such as "how often does each animal receive 

aggression?" subject rates are the appropriate measure. But for 

questions such as "do females interact with their own sex more than 

with males?" the number of partners becomes important, and mean 

dyadic rates are used. However there is an upper limit of the 

extent to which an increase in the availability of partners is 

expected to increase an animal's interaction rate. It is not clear 

where this limit lies, and no attempt is made to allow for it in most 

Of the analyses here. However, because grooming is a more time-

consuming behaviour, the maximum number of partners in a given time is 

presumably much lower, so that subject rates and mean dyadic rates 

are presented in parallel. 

Subject rates are also used in analyses of interaction with 

immatures, because partners were not all recognised. Subject rates 

with inmatures may be approximated to dyadic mean rates by dividing 

by 40, or for behaviours confined to male immatures by 24. 

2. XIII. Analysis 

The same procedures of analysis were used in Chapters 4 to 6, and 

will be described here. The analyses were devised to test nul 

hypotheses that interactions would be distributed randomly with 

respect to sex, class, and dominance rank of participants. The aim 

was to avoid using pooled scores, and to assess the effects of 



observability: thus all analyses were repeated using the observability 

correction. Whole or part-sample data were used as appropriate, and 

data from P11 and the second part of F1's data were omitted. 

2. flfl a) Comparisons of sex and class 

Subjects' mean dyadic neighbour frequencies, or mean dyadic 

interaction rates, were compared between successively smaller sub-

divisions of the data. The procedure is exemplified by the scheme for 

analysing differences between subjects in their rates of behaviour 

given to male partners. First, male and female subjects were compared: 

then the two male classes were compared with each other, and so were 

the four female classes: then, for each of these six classes in turn, 

was compared their rates given to each of the two recipient classes, 

namely adult and subadult males. Analysis of rates of behaviour to 

females followed exactly the same sequence, except that the final six 

tests compared each subject class's rates to recipients in the four,  

different female classes. This routine therefore made fu3.l use of 

the data but maintained strict independence between successive tests. 

The only exceptions to this sequence were that 

i) for some behaviours, different permutations were compared in the 

initial tests between and within the sexes, but care was taken to ensure 

independence. 

2) for some behaviours, data were too scanty for the final six tests: 

instead the recipient classes were compared for rates of receipt of 

interaction from all members of the donor sex. 

Mother variation in procedure was necessary when analysing behaviours 

with high direction constancy either upraxik or downrank. Class-

comparisons were not valid without accounting for rank-differences 

between classes, so that similar analyses were conducted only on 

dyadic mean rates downrank, (or, in a few cases, uprank). This 

procedure also reduces variance between subjects at opposite ends of 

the hierarchy: thus male subjects were avoided by other males four 

times as often as female subjects were avoided by other females, but 

the males' rate was not significantly higher because the low rankers 

in each sex had similarly low rates. However, comparison of mean 

rates to subordinates only revealed a significant difference between 

males and females (Chapter 6). 
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2.1111 b) Rank-correlations 

The procedure for testing whether rates of behaviour varied with 

dominance rank was in all cases to rank subjects in order of their 

rate of interaction, assigning rank 1 to the highest score, and 

comparing the resultant ranks with dominance ranks by Spearman rank 

correlation. 

2.XIII c) Dominance rank-difference 

Rank-difference refers to the number of ranks separating two 

individuals in a dominance hierarchy. A number of hypotheses were 

tested that interactions would be more frequent between partners close 

in dominance rank, within sex. Two methods were employed. 

2. XIII c.(i) The first tested the hypothesis that there would be an 

approximately linear relation between rank difference and interaction 

rate. Mean dyadic interaction rates were calculated over all pairs 

at each rank difference, pooling ranks at the greatest rank differences 

because of diminishing sample size. Mean rate and rank difference 

were then compared by Spearman rank correlation. 

2.1111 c.(ii) The second hypothesis tested was that each subject's 

most frequent partner would tend to be within two places of dominance 

rank. For each subject who showed the behaviour, the most frequent 

recipient was designated first partner. The number of such first 

partners at each rank difference was counted (assigning equal fractions 

of one to tied first partners). The expected distribution of such 

first partners was calculated from the availability of partners at 

each rank difference (to those subjects who showed the behaviour). 

The numbers of first partners within and beyond two rank-places were 

compared with the numbers expected from partner availability, by chi 

square or binomial test as appropriate. This method was derived from an 

analysis of rank difference of first partners devised by B.B. Smuts 

(Harvard University). 

2. XIII d) Statistical tests 

Interaction rates, being derived from ad libitum sampling, were 

only approximate: further, their distribution very often departed 

from the normal distribution, so that non-parametric tests were used 
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throughout. All probabilities were two-tailed, oc 0.05. This was 
because in no case were directional predictions sufficiently strong 

as to reject entirely the converse. The tests, and the ways they 

are quoted in the text, are described below: 

i) In comparison of two or more different classes Mann-Whitney U test 

(quoted as U) and Kruskal-Wallis one-way analysis of variance (quoted 

as H) were used respectively. 

In comparing differences in the rate at which one class interacted 

with two or more other classes, the Wilcoxon matched-pairs signed 

ranks test (quoted as T) and the Friedman two-way analysis of variance 

(quoted astr2)  were used. 

Rank-orders of subjects were compared by Spearman rank correlation 

coefficient (quoted as r 5 ) throughout. 

The other commonly used test, cu-square, is quoted as X2. Other 

tests used are indicated more fully in the text. All those above are 

described in Siegel (1956). 

When tests have been repeated on scores corrected for observability 

the result is prefixed by "con. obs.": if the result was exactly the 

same as the uncorrected test, it is written "±.obs. con.". 

2.XIfl e) Sociograms 

Details of dyadic relationships have been represented by sociograms 

(Hanby, 1974a).  The methods used have not been consistent throughout, 

because: 

i) in different sociograms, different critical values have been used 

because rates of different behaviours differed so markedly. 

2) the subjects have not been positioned in the same way in each. 

In some, subjects have been placed to minimise line-crossing 

(association ; in others they have been placed to emphasise the 

focal position of a particular class (male-female grooming); but in 

most the subjects of each sex are arrayed in a circle, the order of 

dominance rank reading anticlockwise from the top. 
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The Spatial Pattern of the Troop 

3.1. Introduction 

As a preliminary to describing social behaviour, data are here 

presented on how individuals were distributed spatially within the 

troop. A number of authors have distinguished central' and 'peri-

pheral' group-members (e.g. Imanishi, 1963): but in so doing so 

they have sometimes confused spatial criteria with criteria based on 

social interactions (e.g. Hall and DeVore, 1965). 	It is important, 

however, to consider these types of criterion independently until 

they are shown to coincide (Deag, 1974). 

Most authors agree that when baboon troops are stationary, 

animals are placed with respect to physical features, food sources, 

or their companions (Rowell, 1 969a). 	Social subgroups may form, 

which include juvenile playgroups, and aggregations around mothers 

with newborn infants, or around adult males: while consort pairs 

are sometimes seen apart from the rest (Saayman, 1970). 

There is much less agreement as to the pattern when the troop 

is moving. DeVore and his colleagues reported an order of progression 

which they held to be "invariable" in all troops, and to be adaptive 

against predators (Washburn and DeVore, 1961;  DeVore and Washburn, 1963; 

Hall and Devore, 1 965). They described how the lower-ranking adult 

and subadult males travelled at the front and rear, forming a pro-

tective ring around the vulnerable females and young, with the 

dominant males in the centre. 

With the exception of Maxim and Beuttner-Janusch ( 1 963), however, 

other workers have failed to confirm this pattern. Qualitative 

reports do not mention it (Bolwig, 1959) or deny its existence 

(Rowell, 1966a;  Bert et al., 1967;  Altmann and Altmann, 1970; 

Stoltz and Saayman, 1970; Crook and Aldrich-Blake, 1968). 

Quantitative studies also refute such an invariable pattern, but 

they do provide evidence of non-random ordering which, as Rhine 

has emphasised, are consistent from different study-sites (Rowell, 

1969a; Rhine, 1975; Harding, 1977; Rhine et al., 1979). 	However 

iltmann's (1979)  detailed analysis suggests that with a few exceptions 

the order is essentially random. 
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The findings of these studies may be briefly summarised. Most 

authors agree that adult males tend to the edge of the troop, either 

the front (Harding, 1977), or the rear (Boiwig, 1959) or both 

(Rowell, 1969a; Tayler and Saayman, 1972; Rhine, 1975). 	S. Altmann 

(1979) found adult males sometimes under-represented in the centre, 

but only Bert and DeVore and their respective colleagues stress their 

presence there. Howell contradicted DeVore's statement that particular 

males travelled in the centre, but Rhine noted high-rankers at the 

front, low-rankers at the rear, and both Harding and Altmann saw 

particular examples of this. Recently Rhine and colleagues' (1979) 

comparison of data from all quantitative studies concluded that 

subadult males tend also to the front. 

There is little concensus about the placement of adult females. 

They may tend to the front (Harding, 1977), the front and rear (Howell, 

1969a), or the middle (Hall and DeVore, 1965; Altmann S. 1979). 

Those with young infants are said to avoid front and rear (Rhine 

and Owens, 1972) or to move at the rear (Bert eta].., 1967),  and they 

are often associated with adult males (DeVore, 1963). Females may 

tend to be outliers during pregnancy (Howell, 1966a;  Saayman, 1972 ) 

or during oestrus when consorting with a male (DeVore and Washburn, 1 963). 

Many of these. studies have focussed on whether the pattern is 

adaptive against predation. Predators vary in abundance at different 

sites, but the most important are probably leopards and humans. 

Baboons? responses to them vary from indifference through mild 

avoidance (in which the adult males may be the last to avoid and so 

appear to form a rearguard (Rowell, 1969a)) to precipitate flight 

(Stotz and Saaynan, 1970). But baboons of all ages sometimes combine 

to threaten or chase away predators (Altmann and Altmann, 1970; 

Baenninger at al., 1977). However it is very difficult to establish 

whether the progression pattern actually reduces predation. 

All quantitative studies have focussed on the linear order of 

individuals in progression from front to rear, ignoring how they are 

dispersed laterally; and all except Rhine's (1975)  have concentrated 

only on compact 'file? progressions. The data presented here are 

not a study of the linear order of different progressions, but of the 

proportion of time subjects spent in different zones of the troop, 

both stationary and moving. The results suggest that there is a 

spatial pattern in both conditions, but that the patterning comprises 
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subtle tendencies and is not as clear-cut as implied by DeVore. 

The pattern is described in terms of individual and class differences, 

and examined to see if it might provide. individual advantage in 

terms of safety from predators, feeding efficiency, or social 

benefits. 

3.11. Measures of location within the troop 

The measures of location were devised to differentiate between 

subjects firstly in terms of gregariousness, and secondly in terms 

of exposure to predators on the assumption that there is safety in 

numbers (Hamilton, 1971) and that risk is highest at the edge 

(Vine, 1971). Thus at each sample was recorded whether the subject 

was in a cluster, the middle or at the edge; and if the troop was 

moving, whether those at the edge were at front, side, or rear (the 

zones defined as in Chapter 2, VIII b)). 	The troop was seldom 

arrayed as in the idealised Pig. 3.1, which is to illustrate the 

model used during observations: a more realistic pattern is shown 

in Tayler and Saa,yman (1972, Fig. i). . The schedule of instantaneous 

samples forced the observer to move continually through the troop, 

and allowed as accurate a judgement as is possible of the whereabouts 

of the troop's "centre of mass" (as in Rhine, 1975 and Altmann S. 1979). 

The location of the clusters was recorded for the first two weeks of 

the study: in the stationary troop, clusters were at the edge for 

14.79/6 of the time, but this increased during travel to 31.3%, 

distributed equally at front, side, and rear. 

Data on Troop State at the time of each sample (Chapter 2, VIII c)) 

show that subjects were sampled on average 83.3  tines (s.d. 9.4) when 

the troop was static and 44.7 times (s.d. 5.8) during movement. 

Samples taken when stationary and when moving are analysed separately 

for each subject. The samples of location provide an estimate of how 

much time each subject spent in each zone calculated as the percent 

of its total samples which were in each. Data for females who 

changed reproductive state were calculated for whole- and part-

samples (Chapter 2, XII a)). 	No attempt was made to describe or 

contrast particular progressions (of. .Altmann S. 1979). 



FIG 31 Zones of the moving troop. 

/ 

i 
Fig .  3. 1. Idealised plan vie* of the zones of the troop during progression. 
Arrows show direction of movement. The zones are: 1' - front, 2. -  side, 
r - rear, rn - middle, c - cluster. 



3. III. Analysis: The comparison of adult-classes 

Adult-classes were compared for the amount of time they spent in 

each zone, using part-sample and whole-sample data, and excluding 

samples on P11 and the second reproductive state of Fl 

(Ch.2: III c.(iii)). 	It was not possible to pool the samples of 

all class-members and then compare classes directly, for two reasons. 

First, there was considerable variation within each class: the total 

chi square for within-class heterogeneity during movement was 224.9, 

(d.f. 120, p<.001). 	Secondly, class-members did not contribute 

equal numbers of samples to their class(es), particularly in female 

classes containing part-sample data. 

The aim in analysis was to assess the probability of finding a 

member of a given class in any zone, and then to compare the classes 

for their zone probabilities by chi square. A method of analysis which 

accounted both for heterogeneity and unequal sampling of individuals 

was designed and carried out by D.A. Williams*. The first step was 

to calculate a within-class variance parameter based on a Dirichlet 

multinomiaJ. distribution (an extension of the Beta-binomial model 

of Williams (1975)  and Crowder (1978)). 	The contribution from each 

class-member to the class zone probability was weighted with a weight 

which depended on the estimated variance parameter and the sample 

size. The weight increased with the sample size, but the relation-

ship was not exactly proportional as it would have been if there were 

no within-class heterogeneity. The class zone probability estimates 

were then compared between classes using chi squared statistics 

calculated by again weighting the contribution from each class-member. 

This method was used in all comparisons of classes in Sections IV b) 

and IV c) below. 

4 
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Department of Statistics, University of Edinburgh. 



3-IV. Results A: The overall pattern 

3. IV a) Troop State and dispersion 

The troop was seldom obviously demarcated into toentret  and 

tperipheryt (cf. Hall and DeVore, 1965). 	Its members were often 

dispersed over 200-300m, sometimes to 500m (Oliver, pers. comm.). 

But only in 0.15% of samples were subjects recorded as tout  of the 

troopt ;  fax from the rest and with no baboons audible or visible to 

the observer, although this probably occurred more than it was seen: 

these were all males. 

The troop was stationary for more than half the time (Table 3.1). 

Past progressions, most comparable to those sampled by other authors, 

were very rare. Data from Last and slow progressions are here pooled, 

because there are scant data from fast ones, and Rhine (1975) found 

no difference in progression order between the two types. 

3.IV b) Spatial pattern in the stationary troop 

Individuals differed in the proportion of their samples in each 

zone (c 2  274.1,  d.f. 58, p <0.001). 	Subjects spent between 7.0 and 

76.3% of time at the edge, and from 22.3 to 87.2% in the clusters. 

The zone probabilities of each class are shown in Table 3.11. 

Classes differed markedly in the probability they would be seen 

in each zone (x2  30.2, d.f. 10, p<O.001). 	Ranked in order of 

decreasing time spent in clusters (which corresponds to increasing. 

time at the edge) the sequence runs mothers > lactating females ? sub-

adult males > cycling females I adult males > pregnant females. 

This sequence is not a continuous one, however, since some classes 

can be pooled without causing significant increase in within-group 

heterogeneity. These are: 

adult males, cycling and pregnant females 

subadult males and lactating females 

mothers 

Pooling of groups (a) and (b) increases chi-square by 9.1 (at 2 d.f. 

p<0.02), while pooling (b) and (c) produces an increase of 5.2 

(at d.f. 2, p0.07),  so these groups remain distinct. 	Individual 

and class differences, illustrated in Pig. 3.3, are further discussed 

below. 
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Table 3.1 

The proportion of time in each troop-state each month. Tabulated as 

the percent of all instantaneous samples for which each state was 

recorded. 

Month: Oct. Nov. Dec. Jan. Overall 

Sample total: 861 1162 1294 723 4040 

Stationary: 62.4 64.7 59.8 78.3 65.0% 
Slow procession: 32.2 34.1 39.4 21.2 33.1% 
Fast progression: 5.5 1.2 0.8 0.5 1.9% 



Table 3.11 	The stationary troop 

The mean probability of occurrence of each class in each zone, 

calculated by the method described in Section In. 

Zones: Edge Middle Clusters 

Adult males: .37 .06 .57 

Subadult males: .29 .10 .61 

Cycling females: .34 .09 .57 

Pregnant females: .43 .10 .47 

Mothers: .18 .09 .73 

Lactating females: .26 .10 .64 

Mean: .312 .090 .598 

Table 3.111 	The troop during movement 

The mean probability of occurrence of each class in each zone, 

calculated by the method described in Section III. 

Zones: Front Side Rear Middle Clusters 

Adult males: .18 .16 .10 .11 .44 

SubaduJ.t males: .19 .09 .03 .17 .52 

Cycling females: .12 .11 .07 .23 .47 

Pregnant females: .07 .31 .12 .17 .33 

Mothers: .03 .05 .12 .14 .67 

Lactating females: .07 .13 .o6 .17 .57 

Mean: .110 .142 .083 .165 .500 
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3. Iv c) Spatial pattern in the moving troop 

Individuals differed also in the proportions of their samples in 
2 each zone during movement (x. , pooling the edge zones, 191.5, d.f. 58, 

p <0.001). 	Subjects spent between 0.0 and 39.0% of time at the 

front, and between 25.0 and 85.0% in the clusters. 

Classes differed in the probability they would be seen in each 

zone (2  91.6, d.f. 20, p<O.01): Table 3.111. Again, those classes 

which spent more time in the clusters spent less at the edge, and the 

same rank-order of classes was obtained. However, classes did not 

differ simply in tens of time spent in the clusters, since they also 

differed in their distribution about the other four zones (2 69.4, 

d.f. 15, p< 0.001). 	Differences between classes were more apparent 

than when the troop was static, since attempts to pool even classes 

with the most similar patterns produced levels of heterogeneity that 

approached significance. Chi-square values obtained by pooling adult 

and subadult males were 9.7 (at a.r. 4, p o.io—o.o), these and cycling 

females 14.6 (at d.f. 8, p< 0.10), and mothers with lactating females 

17.3 (at d.f. 4, p<0.01). 	Individual and class differences, 

illustrated in Pig. 3.4, are further discussed below. 

3-IV d) The transition from stationary to movin 

During movement, subjects were more often recorded at the edges 

and in the middle, and less often in the clusters, than when stationary 

(Table 3.Iv: 2606 d.f. 2, p<0.001). 	These tendencies were shown 

by respectively 20, 28 and 28 of the 31 subjects. Pregnant females 

showed the strongest tendency to move out of clusters, and mothers the 

least (Table 3.7). 

3-IV e) The spatial pattern of oes trus  females 

Oestrus females and their consorts were often seen fax from the 

rest, but the sample data give no indication that they spent more time 

away than usual. Not all of them increased the proportion of time at 

the edge on days they were consorted - only four of six when stationary, 

three of five when moving, - and pooling samples from both troop states, 

29.4% of their samples were at the edge on non-consort days compared 

with 32.0% on consort days (n = 470 samples, x. 2  0.15, d.f. 1, p <0.70). 
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Table 3.IV 	Comparison of stationary and moving troop, I: 

Samples from the stationary and moving troop compared for 

(above) the percent which fell within each zone, and (below) 

the mean difference over all subjects for the percent of their 

samples in each zone. 

Zone: Out 	Edge 
- 

Middle Clusters Total 
SamDles 

Stationary: - 	 30.2 8.5 61.3 2588 

Moving: 0.4 	33.9 15.2 50.5 1404 

Mean difference: +3.7 +6.8 -10.5 

s.d. (io.a) (5.2) (8.5) 

Table 3.7 	Comparison of stationary and moving troop, II: 

Classes compared for the difference in their mean zone probabilities 

between stationary and moving troop. 	(Data from Tables 3.11 & 3.111). 

Pregnant Ad.male Cycling Sub.male Lactat. Mother Class: 

Decrease in 
clusters 

Increase at 
edge 

-.14 -.13 -.10 -.09 

+.07 +.07 +.03 +.02 

-.07 	-.06 

= 	+.02 

SURO 

0 
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3.V. Results B: Individual differences 

Although much individual variation coincided with class-differences, 

there remained individual variability within classes, apparent in 

Figs. 3.3 and  3.4. These are now described in relation to agonistic 

rank and other factors. 

3Y a) The effect of leadership 

When the troop began to move, some animals would move conspicuously 

ahead, as though initiating or steering the progression. Individual 

scores for this behaviour, recorded ad libitum, are listed in Fig. 3.2. 
The subjectst  ranks for this behaviour were positively related to their 

ranks for amount of time spent at the front (r 5  across B adult males 

0.619, across 19 adult females 0.649):  since data for the two measures 

were not collected independently, the only conclusion is that those 

animals that appeared to lead at the start of progression also spent 

more time at the front. 

3.V b) The effect oi' agonistic rank 

Theories of social competition, and observations of primate groups, 

suggest that individual location in the troop maybe influenced by 

agonistic rank. Dominance was assigned in each pair of subjects 

according to the prevailing direction of avoidances and supplants, and 

a linear hierarchy was found in each sex (Chapter 6). Accordingly the 

hypothesis was tested that the time subjects spent in each zone would be 

linearly related to their agonistic rank. Whole- or part-sample 

spatial data were used as appropriate within each female class, but 

whole-sample data were used for the females overall. The results of 

comparisons are listed in Tables 3.71 & 3-VII. In assessing the 

probability of each correlation, the middle zone has been ignored because 

there was not independence between zones (d.f. N-i), and the edge zone 

in the stationary troop has been ignored because subjects' time there 

was the inverse of their time in the clusters (for 12 males, r5  - 0.923, 

pC.Ol: for 19 females, r5  - 0.983, p(0.01). 

When the troop was stationary, higher ranking females were more 

often seen in the clusters, but this was not true of either male class. 

During movement, this pattern persisted, but the lower-ranking females 

tended more to the sides and the rear. Again, spatial pattern among 

males was unrelated to rank. 
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•g. 3.2. The number of times each subject was seen "leading-off" 
at the start of progression. Individuals arranged in descending 
order of dominance rank within class, from left to right. 
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Table 3.7I 

Agonistic rank compared with tendency to spend more time in each 

zone of the stationary troop. Spearman rank correlation coefficients. 

Probability estimated only for Clusters, *p<05 

Class n Edge Middle Clusters 

Adult males: 8 -.048 .048 -.214 

Subadult males: 4 .400 -1.000 -.200 

Cycling females: 5 .500 .000 -.700 

Pregnant females: 4 -.800 .800 .800 

Mothers: 8 - .833 -.071 .810* 

Lactating females: 7 .250 -.821 .429 

All females 18 -.467 -.183 
•534* 

Table 3-VI I 

Class 	 ii Front 	Side 	Rear 	Middle Clusters 

Adult males: 	8 	.286 	.119 	-.690 	.214 	.190 
Subadult males: 	4 	.200 	.800 	1.000 	-.400 	-.200 

Cycling females: 	5 	.200 	.100 	-.154 	.100 	.400 

Pregnant females: 	4 	.400 	-1.000 	-.800 	.800 	.800 

Mothers: 	 8 	.216 	-.205 	-.886 	.405 	.934 
Lactating females: 	7 	.786* 	.857* 
	

-.571 	-.714 	.214 

Al]. females 	18 	.210 	499* 	
-.768 	.020 	.594 

Agonistic rank compared with tendency to spend more time in each zone 

of the moving troop. Spearman rank correlation coefficients. 

Probability not estimated for Middle, otherwise *p<005 	p<0.01. 
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• Further spatial variation with rank will be discussed, separately 

for each class, below. 

3.V. c) Variation among females 

(i) Cycling females 

The mean zone probability of cycling females differed little from 

the overall average, apparently because they varied about equally above 

and below the mean (Pigs. 3.3 & 3.4). 	Their variation was not related 

to their rank (Tables 3-VI & 3.VII).Resumption of cycling coincided 

with a decrease in time spent in clusters, more obvious during 

movement (all five females decreased) than when static (only three 

of five decreased). F5 was one of the few animals who spent more 

time in clusters when moving: P6 spent very little time there, and 

tended to travel at the side, while F17 often travelled at the rear. 

3..V c.(ii) Pregnant females 

Overall, pregnant females were the most peripheral female class 

(Tab 3.11 & 3.111), and the two lower rankers were the most extreme: 

the tendency to travel at the side was in linear order of rank 

(Table 3-VII).  P19 was unusual in that during movement her time at 

the edge increased by 20%. 

3.V c.(iii) Mothers 

Mothers spent more time in the clusters than any other class 

(Tabs 3.II& 3.111), but this was more pronounced for higher-ranking 

mothers (Tabs 	& 3.711). From Pigs. 3.3 and  3.4 this is mainly 

because the four above median rank spent most time in clusters, and 

P2, P3 and F8 actually increased their time there during progression. 

The two females who gave birth, P12 and P18, increased their 

overall time in the clusters thereafter by 8.0 and 22.2% respectively, 

but still did not spend as much time there as the mothers of older 

infants. Both tended to travel at the rear, along with P16 who 

was undersized and seemed encumbered by her infant. The tendency 

for lower-ranking mothers to travel more at the rear was a compound 

of the fact that these slower females were below median rank, and 

because the lower rankers among the other five also tended to the rear. 
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Pigs 3,3 & 3,4 (next two pages). The spatial pattern of troop-members 

when stationary (Fig. 3,3) and during troop progression (Fig. 3,4), 

The layout of these figures is the same, except that the former has 

three zones, the latter five. The top row in both shows the mean prob-

ability of all classes in each zone. The body of the table shows the 

percent of time every class-member spent in each zone, expressed as the 

deviation above or below the overall mean (which therefore forms the 

x-axis of each diagram: thus the baseline for all lige diagrams is 3l$). 

This allows comparison of the classes for their tendency to be seen in 

each zone, while still representing the amount of variation within each 

class. 

Class-members are arranged in descending dominance rank order from 

left to right. The number of samples from which each subject's score was 

calculated is indicated on the far right below the name of the class, in 

the same order as that of the individuals on the diagram: however some 

sample-numbers are offset vertically to save space, so that the order for 

mothers which corresponds to their order on Fig. 3.3 is 37, 85, 77, 87 etc.. 

The width of the vertical bars is related to these individual sample-size 

differences, in three categories from thinnest (c 20 samples) through 

medium (21 to 40) to thickest (41 or more); this is most apparent on 

Fig. 3.4. 

Class-members within male classes may be identified by their rank 

position: thus for adult males, Al is on the left, AS on the right. 

Female subjects are dispersed about the classes as follows, listed in the 

order they appear on the tables. Whole-sample contributions are underlined. 

Cycling; 	F5 P6 FT P13 P17 

Pregnant: fl P12 P18 flj 
Mothers: 	P1 P2 P3 P8 P12 P14 P16 P18 

Lactating: fl F6 FT FlO P13 P15 P17 
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FIG 33 
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FIG 34 
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3.V c.(iv) Lactating females 

The lactating females' spatial pattern was similar to that of 

mothers, but less extreme. The high cluster score of FT and PlO 

reflected frequent association with mothers (Chapter 4), but during 

movement PlO decreased her time in clusters by as much as 16.0%. 

The higher rankers tended more to the front and the sides (Table 3-VII), 

and this pattern was shown by P4 despite her being apparently the 

oldest female in the troop. 

3.V c.(v) Atypical females (Chapter 2 III c.(iii)) 

- 	The amounts of time that P1 and P11 spent in each zone are listed 

in Table3jfl. Comparison with the class zone probabilities in 

Tables 3.11 & 3.11I show that Fl 's pattern remained that of a mother 

despite her resumption of cycling, amounting to 86.6% of time in the 

clusters overall. The sick P11 also maintained her very peripheral 

position little affected by resumption of cycling. Her spatial 

pattern, with its tendency to the rear and sides, resembles most 

that of pregnant females. 

3.V d) Variation among males 

(i) Subadults 

There were marked individual differences between subadults that 

bore little relation to dominance rank (Pigs. 3.2 & 3.3). 	Si was 

extremely peripheral and often travelled at the front. S2 and 63 

resembled lactating females in their tendency to the clusters, while 

64 was intermediate in that he showed some tendency to the clusters 

but also travelled at the front. 

3.V d. (ii) Adults 

Adult males differed markedly in their spatial pattern, but not 

in direct relation to their rank. In the stationary troop, A2 was 

exceptionally peripheral (being approached in this only by 64 and 

pu), A6 rather less so, while the others varied evenly with only 
A3, A4 and A7 very often in clusters (Fig. 3.3). During progression, 

however, two subsets emerged (Pig. 3.4); three adults remained in 

the clusters, A3, A4 and A5 (whose clustering score actually increased): 

whereas Al, A2, A6, A7 and A8 travelled at the edge. A7 was unusual 

in that he was prominent in the clusters when stationary but at the 
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Table 3.1/111 

Percent of samples in each zone by the two atypical females, Fl and P11 

Stationary: Moving: 

Edge Middle 	Clusters n Front Side Rear Middle Clusters n 

P1 mother: 7.5 7.5 	85.0 (40) 0 2.8 0 13.9 83.3 (36) 

Fl cycling: 6.5 4.4 	89.1 (46) 7.1 0 0 14.3 78.6 (14) 

P11 lactat: 52.0 8.0 	40.0 (jo) 7.4 22.2 25.9 18.5 25.9 (27) 
0 	 P11 cycling: 56.4 10.3 	33.3 (39) 8.7 26.1 34.8 4.4 26.1 (23) 
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front during progression. Thus the adults who travelled most at the 

edges were the two newcomers and the three post-prime males. The 

slight tendency for low-ranking males to the rear (Tab 3.VII) was not 

linear and was mainly due to A6 and the aged, slow-moving AS. 

3.V d.(iii) Comparison of the adult males* spatial and social differences 

Because the position of particular males has been disputed (refs. 

in Introduction), the amount of time each adult spent in clusters was 

compared with social parameters derived from the chapters that follow 

(Table 3.XIX). Adult males' ranks for time in clusters when stationary 

were correlated with those during progression (r 3  0.766, uS, p<0.05), 

and pooling both troop states it is clear that A3 spent most time in 

clusters, often with A7, A4, and A5. Al and AS spent about ha].f the 

time in clusters, while A6 spent less and A2 very little. Their 

tendency to be in clusters was independent of their rank (r 5  - 0.214, 

n 8, n.s.). Because the female classes had differed in the time they 

spent in clusters, it seemed likely that males' time there would reflect 

their association with females (Chapter 4), and this was indeed the case. 

The males seen most often in clusters were associated more with mothers 

(r5  0.833, riB, p<0.05),  and progressively less with lactating females 

(r5  0.262, n a; n.s.), and cycling females (r 5  - 0.071, n 8, n.s.) and 

least with pregnant females (r 5  - 0.643, n 8, n.s.). During travel 

females maintained proximity to males more than the reverse (except 

those females who were followed by their male consorts), which implies 

that the males with high clustering scores during travel were those 

whom the mothers followed, in this case A3, A4 and A5. The fact that 

A7 left the clusters for the front during progression was at least in 

part because the females did not move with him, and the increase in 

A5 1 s cluster score at this time implies that the mothers preferred 

to travel with him instead. 

61 



Table 31IX 

Comparison of adult males for spatial and social parameters. The 

scores in each column apply to the males listed in order of 

dominance rank on the left. 

Rank: Cluster: 

Static Moving Overall 

1 57.3 38.1 48.8 

2 22.3 27.5 24.4 

3 73.6 63.8 70.5 

4 64.1 63.2 60.0 

5 58.4 53.8 59.8 
6 50.7 35.7 45.0 

7 71.1 37.5 60.8 

8 58.1 37.2 51.2 

Total neiibour-freauency with females 

Cycling Pregnant Mother Lactating 

57.9 4.5 1.6 8.7 
20.2 19.4 5.4 4.7 

24.4 5.3 27.5 15.3 

16.8 6.9 21.4 17.6 

12.4 5.4 27.1 19.4 
7.0 11.4 17.6 15.8 

6.9 1.5 46.6 13.0 

9.8 6.e 15.0 20.3 

Measures used: Cluster is the percent of the subjectts samples for which 

he was ins, cluster. Female neighbour-frequency is the percent of his 

association samples for which a female in each class was scored 

nearest female. 
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VI. Discussion 

3.VI a) General points 

It was striking that the troop spent so little time in fast, 

compact progression - only 5.3% of progression time, compared with 62% 

of all progressions reported by Rhine (1975). It suggests either that 

such a formation was not very important as an anti-predator device at 

Ru.aha, or more likely that baboons only close ranks in places of danger. 

The commoner formation, of slow progression over a broad front, is more 

efficient during foraging (Altmann S. 1974). 

Evidence of predation risk is notoriously hard to obtain. In 

the ten predator-sightings in this study (seven during the 445 observ-

ation-hours) the troop ignored three (lion once, jackal twice), showed 

vigilance and gave alarm calls in five (lion, leopard, hunting-dog, 

two unknown), and twice they chased leopards although these may have 

been avoiding the observers. Many animals, including juveniles and 

a pregnant female, joined in these chases, but only adult and subadult 

males confronted the leopard closely. Adult male 3 was reportedly 

killed by a leopard at night after the end of this study (Ngatwika, 

pers. comm.). Alarm calls were given by females and juveniles as 

often as by adult males. These findings, and the ability of males to 

survive on their own (Chapter s) suggests that predation risk by day 
was slight, and unlikely to be an important proximal factor determining 

individual placement in the troop. 

There was tentative evidence that individuals' involvement in 

initiating or directing troop travel may have determined their position 

in the troop. Mobility differences were also clearly important in 

some cases: the animals seen most at the rear included one female 

during pregnancy, both of those with very new infants, an undersized 

mother, the sick female and the oldest male. Mobility may also 

explain the tendency of some subadults and the young adults at the 

front. 

3.VI b) The spatial pattern of females 

(i) Reproductive class differences 

Mothers were seen most often in clusters. The fact that this was 

decreasingly true of subsequent reproductive classes suggests that 

females spend progressively less time in clusters as their infants age. 

This results in a sharp contrast between mothers and pregnant females 
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which is not easily explained theoretically. 

Both these classes are likely to be more vulnerable to predation, 

being probably less mobile and having infants at stake. They both 

also have higher nutritional requirements than other females (Portman, 

1970): in theory, the requirement is greatest for mothers (Altmann 

J. 1980,  and references therein), and there is good field evidence 

that pregnant females spend more time feeding than most (Post at al., 

1980). Therefore if predation risk is crucial, both classes might 

favour the safety of the clusters, but only mothers do this. 

Conversely, if feeding efficiency is crucial, they might move to the 

edge to avoid competition, but only pregnant females do this. The 

requirement for food might be expected to outweigh the risk of 

predation (Altmann and Altmann, 1970). However, the classes' only 

similarity is a tendency to the rear, perhaps caused by the weight 

of their infants. 

It is not clear why their spatial pattern should differ when 

their requirements are so similar, but other evidence suggests that 

the proximal cause is a social one. Infants are particularly 

attractive to other troop members, (Howell, Din and car, 1968; 

Altmann J. 1980), so that mothers are the focus of much attention and 

interaction (DeVore, 1963;  Seyfarth,  1976). 	This may even be 

sufficient to stress the mother (Altmann J. ibid), but at the se 

time infants may gain valuable social experience, and they certainly 

gain protection from those adult males in the clusters (Hall, 1963 ). 

Safety in numbers would naturally follow. In contrast, pregnant 

females lack this attractiveness, and they tend to be lethargic and 

to initiate fewer interactions (Rowell, 1972;  Saaymsn, 1971a, 1972 ), 

a pattern shown by three of the four in this study. These four also 

received relatively little agonism from other females, particularly 

supplants (Chapter 6). Such reclusiveness may conserve energy 

(Smith, 1977)  and avoid social stress, which is particularly important 

during pregnancy (Myers, 1972; Holm, 1979). 	However, it is also 

very likely that they would have obtained more food at the sides. 

So that while it is not clear whether feeding or social factors were 

more responsible for the pregnant females' behaviour, it remains that 

their contrast with mothers is primarily a social one. 
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3.VI b.(ii) Monistic rank differences 

Spatial patterns in which high or low rankers are over-represented 

in any zone may provide evidence of competition, with low rankers 

excluded from food or favoured social partners. But such patterns 

might also result if high rankers are more attractive, as reported 

for females by Seyfarth (1976). The data here cannot distinguish 

these two factors. 

High ranking females were seen more in clusters, both when 

stationary and during movement. If low rankers had moved out to avoid 

competition, they may have succeeded, because low-ranking females were 

not supplanted any more. than high rankers (Chapter 6). Alternatively, 

this pattern may reflect the attractiveness of high rankers, since it 

was most obvious among mothers, the most attractive class, and because 

this pattern persisted during movement, when supplanting was comparat-

ively less frequent (Oliver, pers. comm.). 

The tendency of low ranking females to the rear may be explained 

by converse arguments to the above: but it might also be explained 

if weaker animals are both slow and of low rank. This pattern among 

mothers was discussed previously (1 c.(iii)). The tendency for lower 

ranking pregnant females toward the side suggests the importance of 

feeding competition, since their food requirement is so high, but it 

is inconsistent with the tendency for hi gher ranking lactating females 

to spend more time at the side and the front. Such problems require 

detailed data on what baboons do, and how much competition they 

encounter, in each zone. 

3.VI (c) The spatial pattern of males 

The males' spatial patterns showed striking differences which 

were not directly related to dominance rank or class. The most 

peripheral ones overall were the two newcomers and the subadult who 

emigrated (all three of whom might be expected to be outsiders socially 

as well as spatially), and the post-prime adult 6. During progression, 

the presence of the two highest ranking adults at the front and the 

lowest ranker at the rear, illustrate a rank-related trend noted by 

other authors (e.g. Rhine, 1975); but the presence of A6 and 

especially A7 near the front detract from this. Similarly the 

tendency of subadults 1 and 4 to travel at the front exemplify the 

conclusion of Rhine et al. (1979)  about subadults: but S2 and S3 
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tended more to the clusters, although when they were at the edge they 

also travelled more at the front. 

The presence of the two newcomers, the three post-prime adults, 

and the oldest subadult at the edge during progression would originally 

have been explained in tens of their role as protectors to the troop 

(e.g. Washburn and Devore, 1961). Apart from reasons of mobility and 

leadership already mentioned, there are a number of reasons why males 

might tend to the edge. By virtue of size and dentition they are 

best able to defend themselves, and both Rhine (1975) and Harding 

(1977) suggest they are 'bolder' than females. And they might 

certainly have had offspring to protect: the oldest A8 was subject-

ively the most active in giving predator alarms. Since males also 

migrate between troops, peripheral position may allow them to monitor 

other, troops (Rhine et al., 1979), although during this study such 

troops were not visible for more than five percent of the time (Oliver 

pers. comm.). Males are also twice as heavy as females, and might 

frequent the edge to obtain more food, but field evidence • suggests 

they do not spend more time feeding than do females (Dunbar, 1977; 

Rhine and Westiund, 1978;  Post at al., 1980). 

On the other hand, males may gain advantages within the clusters, 

notably in that they may protect females and young directly against 

aggressors within the troop, and they may obtain social buffering 

against other males either-through association with females (e.g. 

Packer, 1978) or by using infants (Deag and Crook, 1971;  Packer, 1980). 

These short-ten benefits are less equivocal than those at the edge, 

and it is curious that some males, by being in the clusters, had access 

to them more than did others. These males were the prime adults A3, 

.A4, A5 and the post-prime A7. 	These males will be referred to 

subsequently as the focal males, defined as those who spent most time 

with mothers. The fact that the non-focal adults were the young new-

comers and the post-prime males suggest that adults are most likely to 

become focal in their prime. Since three of these focal males were 

the ones the mothers preferred to travel with, and the fourth (A7) 

interacted with mothers often (Chapter 4) it seems likely that males 

become focal by establishing affiliative relationships with females. 

The newcomers appeared not yet to have done so, and the females appeared 

no longer to prefer the ageing males. There was little evidence that 



aggression against non—focal males was sufficient. to force them to 

the periphery (except for occasional 'gang—attacks' on newcomers: 

Chapter 6), but the possibility remains that the focal males were 

excluding them by subtler means. 
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Affiliative relations 

PAIU! 1. INTRODUCTION 

4.1.1 	Baboon troops comprise a number of related females and their 

offspring, with a complement of breeding males born elsewhere (refs. 

in Chapter i). The affiliative relationships that have been 

described reflect this pattern. Thus the mother-infant bond is 

strong, and persists through the adult-life of both mother and 

daughter (DeVore, 1963; Moore, 1978; Altmann, 1980). Bonds between 

female kin may therefore be the most stable in the whole troop. 

However females may establish relationships with those outside their 

immediate family (Strum, 1975),  and Seyfarth (1976) has shown that 

high-ranking females and mothers with new infants are particularly 

attractive in this way. 

Male offspring, on the other hand, do not develop such strong ties, 

but as subad.ults show greater interest in other troops and eventually 

transfer elsewhere to breed (Cheney and Seyfarth, 1977;  Packer, 1979a). 

Perhaps because a troop's adult males are therefore immigrants, their 

affiliative relations are more transitory, but two are obvious and well 

documented. First, there is an attraction between males and cycling 

females which culminates in consortship and mating at midcycle (Hall, 

1962 ; DeVore, 1965;  Saayman, 1970; Hausfater, 1975). 	Secondly, 

mothers with young infants are often associated with some of the adult 

males (Hall and DeVore, 1965; Saa3'man, 1971b). 	In some cases relation- 

ships between male-female pairs may persist through both cycling and 

lactation (Ransom and Ransom, 1971; Seyfarth, 1978b; Altmann, 1980), 

although not all partnerships persist in this way (Seyfarth ibid.). 

The adult males' relationships with one another are little 

documented, being usually characterised as antagonistic. However 

males often ally together during aggression (Hall and DeVore, 1 965; 

Packer, 1977b). 

The aim in this chapter is to describe the pattern of affiliative 

relations in the troop in tens of association and of grooming. A 

third behaviour which may be affiliative, namely alliance in 

aggression, is discussed in Chapter 6. 	These two are described in 

turn. Each is analysed first to lock for differences due to sex and 



reproductive state as reported in the studies cited above. 

Secondly, individual differences in the frequencies of these behaviours 

are compared with dominance rank. This is to test the hypotheses that 

high rankers may attract more affiliative behaviour (Seyfarth, 1976; 

Stammbach, 1978),  or may be more successful in gaining access to 

favoured partners. Thirdly, dyadic frequencies within each sex are 

compared with the distance in dominance rank between the participants. 

This is because among females competition may force close-rankers to 

groom more (Seyfarth, 1977),  and because kin-based affiliation may 

coincide with closeness in rank (discussed further in 4.3.1).  Assoc-

iation at each rank-difference among males is examined because 

competition may be more intensebetween close-rankers (Chapter 6). 

Finally, the patterns of dyadic relations are portrayed and discussed. 

PART 2. ASSOCIATION 

Association between pairs was estimated by the frequency with 

which each subject was the nearest neighbour of its sex to each other. 

There are drawbacks in this measure (described below), but it is 

assumed that proximity provided evidence of affinity. However, while 

established relationships may well be revealed by the distance between 

two animals (Carpenter, 1952),  not all affinities need be apparent 

because of competition or inhibition (Vaitl, 1978). This is an 

argument that applies also to social interactions. Secondly, while 

it may be true that the distance between members of small primate 

groups is a compromise between attraction and repulsion (Kummer, 1969 

p.222) yet Nsembe troop was so large that troop-members were not 

constrained to be close at all. Therefore more emphasis is here 

placed on association than on lack of it. 

4.2.1 	Methods 

The data presented here were derived from instantaneous samples 

on each subject, recording on the minute the identity of nearest male 

subject and nearest female subject within 15m (2 v-VIII). These 

data indicate the amount of time for which each was nearest neighbour 

of its sex to each subject, in terms of dyadic neighbour frequencies 

(2 XXI b), using whole or part sample data, 2 XII a): from these 

were calculated each subject's mean dyadic neighbour frequency across 

all members of an associate class (as in 2 XII a). 



4.2.2 Interpretation 

In a high proportion of samples of both male and female neighbours, 

there was no neighbour at-all within 15m. Therefore no single neigh-

bour could have absolutely excluded any other from being nearest to 

any subject over the whole study. But the practice of recording only 

the nearest may have masked others who were not so close, because it 

measures relative rather than absolute proximity. This has two 

consequences. First, if Fl usually has Al as nearest male, but P2 

is usually even nearer to Al, then Fl will seldom appear in Al's 

records although Al will regularly appear in P1 2 s records. Thus the 

reciprocal cells of nearest neighbour records are not truly reciprocal, 

and for this reason they have not been pooled in analysis. Secondly, 

the extent to which the nearest neighbour masks other nearby associates 

of its sex depends on the number of potential neighbours in that sex; 

each associate's chances of being nearest decreased if there were more 

other potential associates. In this study such masking affects 

female neighbours (n=19) more than males (n12), so that mean 

frequencies of female neighbours tend to be lower than those for 

male neighbours (Table 4.1). Since these measures of male neighbour 

frequency and female neighbour frequency are therefore not comparable, 

the following analyses are limited to comparisons within, but not 

between, these measures. 

4.2.3 Overall neighbour freguenc 

Over 98% of all possible pairs were associated as subject and 

neighbour at least once, so there was much mixing. Pairs spent an 

average of 3.55% (s.d. 3.13) of the time as nearest neighbours: the 

mode was between 1.50 and 2.50%, and the range from nought to 44.44%. 

4.24 Sex-differences in association 

Mean neighbour frequencies within and between sex are compared in 

Table 4.1. There was no general tendency for females to have male 

neighbours more often than males did, but females had female neighbours 

more often than males did (p <.os). This was almost entirely due to 

the high female-neighbour scores of the mothers (4.2.5(b) below). 
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Table 4.1 

Association within and between the sexes. Mean dyadic neighbour-

frequencies of male and female subjects with (a) male neighbours, 

and (b) female neighbours. Data from P11 axe excluded. 

Male neighbours Mean s.d. Mann-Whitney 

Male subjects 3.82% .80 tT=77. 	n 12,18 

Female subjects 4.15% .84 p) .10 	n.s. 

Female neighbours 

Male subjects 3.15% .61 U57. 	n 12,18 

Female subjects 3.59% .47 p ( .05 
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4.2.5 Class-differences in association 

Mean neighbour frequencies between classes are listed in 

Tables 4.11 and 4.111. There are several paradoxes in that the 

scores for association between any pair of classes vary depending 

which class is considered as subject. This is partly because of the 

masking effect described above (4.2.2),  but also due to lack of 

uniformity within-class. Thus all mothers had male neighbours 

frequently, but not all males had mothers as frequent neighbours. 

Reciprocal scores are compared in Table 4-IV,  but the differences 

only attain significance in the case just described. 

4.2.5a) Association between male classes: Male pairs were associated 

as nearest neighbours for an average of 3.82% of the tine. 

Table 4.IIa) shows some class variation from this, but no significant 

differences were found: Fig. 4.1 suggests that subadults spent 

slightly more time near males than did adults. 

4.2.5b) Association between female classes: Female pairs were 

associated as nearest neighbours an average of 3.59% of the time, but 

reproductive classes differed significantly (Table.4.ITh: p <.01). 

Mothers had female neighbours most often (Fig. 4.2), and successive 

reproductive stages had fewer. The neighbours of each class were 

drawn randomly from the reproductive classes except those of mothers 

(p c.oi), of whom all but one had other mothers as the most frequent 

neighbour class. 

4.2.5c) Association between the sexes: Female classes did not have 

male neighbours equally often (Table 4.IIIa: p <.01). Cycling 

females, and mothers, had male neighbours relatively frequently 

(Fig. 4.2). These males tended to be adults more often than sub-

adults, significantly so for mothers (p <.02), and over the whole 

study for most of the 18 females (T=2, p c.oi). 
The associations of male subjects reflect these findings 

(Table 4.11Th). 	Adult males had female neighbours more often than 

did subadults (p  <.03), but neither class showed consistently high 

association with females in particular reproductive states. However, 

a number of males had cycling female neighbours very often, and some 

had mothers (Fig. 4.1). 

As noted above, all mothers had adult male neighbours compara-

tively frequently, (between 4.08% to 6.74%),  but these did not include 

all of the adult males (range 0.22% to 8.89%). 
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Table 4.11 	Association within each sex 

Mean dyadic neixbomr-frequencies between classes within-sex. 

Standard-deviations in brackets. Results of statistical comparisons 

are listed at the foot of the relevant column, or at the end of the 

relevant row. 

Male-male 

Neighbours Wilcoxon 

All males Adults Subadults 

Subjects 

Adults (a) 3.51 3.18 3.84 	T=6.5 	n.s. 
(.53) (.59) (i.00) 

Subadults (4) 4.44 4.41 4.49 	no test 
(1.05) (.96) 

Mann-Whitney ii=6. 	n.s. 

Female-female 

Neibours 

All females Cycling Pregnant Mothers Lactating Friedman 

Subjects 

Cycling (5) 3.18 2.79 4.39 3.14 3.31 1.86 
(.38) (1.43) (3.11) (.75) (.65) n.s. 

Pregnant (4) 2.99 2.63 3.60 2.71 3.43 2.70 
(.46) (1.19) (1.46) (.84) (.71) n.s. 

Mothers (a) 4.07 2.93 2.30 6.04 2.98 15.36 
(.15) (.90) (1.17) (1.17) (i.oe) p 	.01 

Lactating (7) 	3.25 	2.54 	3.03 	3.88 
(.38) 	( 1 -77) 	(1.12) 	(1-5.3) 

Kiuskal-Wallis 	11=15.35 
P t.01 

'I 

3.30 	0.43 
(.se) 
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Table 4.111 	Association between the sexes 

Legend as for Table 4.11. Mean percent, with standard deviations. 

Female subjects 

Neighbours Wilcoxon 

Al]. males Adults Subadults 

Subjects 

Cycling (5) 5.37 6.35 3.18 no test 
(1.07) (1.81) (1.69) 

Pregnant (4) 3.19 3.55 2.49 no test 
(.89) (1.20) (.sa) 

Mothers (8) 4.37 5.13 2.54 T=1 	p•C.02 
(.52) (.91) (1.38) 

Lactating (7) 3.51 3.60 3.15 T=8 	n.s. 
(.75) (.76) (1.31) 

Kruska.l-Wallis H--11.89 
p',01 

Male subjects 

• Neighbours 

All females Cycling Pregnant Mothers Lactating Friedman 

Subjects 

Adults (s) 3.39 
(.55) 

5.45 
(4.33) 

2.14 
(1.58) 

3.21 
(2.70) 

2.22 
(1.29) 

5.06 
n.s. 

Subadults (4) 
• 

2.66 
(.41) 

3.76 
(1.64) 

2.33 
(i;oo) 

2.14 
(.92) 

• 	 2.63 
(.77) 

2.50 
n.s. 

Mann-Whitney U=3 
p .028 
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Table 4. IV 

Results of Maim-Whitney U tests comparing the subjects' scores of 

dyadic mean neighbour-frequency between reciprocal class-pairs. 

Subadult Females: 

males Cycling Pregnant Mothers Lactating (7) 

Males: 

Adult (a) ii ii 6 10 14 
P .46 p .46 p 	.11 p .02 p .12 

Subad.ult (4) 7 7 12 10 
p.56 p.89 p.57 p.53 

Females: 

Cycling (5) 6 18 13 
p.41 p.83 p.53 

Pregnant (4) 11 8 
P .46 p .32 

Mothers (a) 21 
p .46 
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4.2.6 Mothers' association and infants' age 

The data in Table 4.1)1) are consistent with previous reports 

that the attractiveness of mother-infant pairs declines as the infants 

age; the mothers' scores were further compared to see if the same 

trend was apparent during the infants' first six months. The 

mothers' rank-order for increasing age of the infant was unrelated to 

their ranks for association with males (r 5  0.190), females (r5  -0.357), 

or other mothers (r5  -0.143),  with n=8 in all cases. It is clear in 

Fig. 4.2 that those with the newest infants, P12 and FiB, did not 

differ markedly from the rest, except that P16 spent more time near 

males than expected from the dominance rank trend within her class. 

However the mean dyadic association frequency between these two 

females (11.51%) was fax higher than their association with the six 

mothers of older infants (4.39%), whose mean association together was 

6.70%. 

4.2.7 Agonistic rank and association frequency 

Class-members' rank-orders for dyadic neighbour frequency with 

other classes were compared with their agonistic ranks (Table 4.V). 

01 38 coefficients, less than one are expected to exceed 1% significance 

by chance alone • It is concluded that higher-ranking adult males had 

cycling female neighbours more (p  <.01, Pig. 4.1) and that higher 

ranking females had male neighbours more (p  <.01, Pig. 4.3), a tendency 

also apparent among mothers. 

4.2.8 Agonistic rank-difference and association frequency 

The mean dyadic neighbour frequency within sex was compared for 

dyads at each rank-difference, as described in 2 XIII c. 	Fig. 4.4 

shows that association frequency was independent of rank-difference 

among males (r 5  -0.476,  n=8, n.s.) and among females (r 5  0.191, n=14, 

n.s.). 	Furthermore, Table 4-VI shows no clear tendency for first 

neighbours to be within two places of rank, except weakly among males. 

The tendency for disparately ranked males to associate more is because 

subadults (of low rank) were associated with prime adults (above median 

rank; 4.2.9a). 
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Table 4.V 	Neighbour-frequency and dominance rank 

Subjects' dominance ranks compared with their ranks for association with each neighbour-class by Spearman rank 
4(4 

correlation coefficients. 	Subjects listed on left. 	p <.01 

Neibours 

All males 	All females 

Subjects 

Males: 

Adults (8) 	-.405 	.286 

Subadults (4) 	-.100 	-.400 

Females (18) 	.752 	.121 

Female neighbours 

Cycling Pregnant Mothers Lactating 

	

.905 	.048 	-.429 	-.595 

	

-.400 	-.400 
	

-.400 	.400 

All maleth Adult males Subadults 
	All females Cycling Pregnant Mothers Lactating 

Females: 

Cycling (5) 

Pregnant (4) 

Mothers (8) 

Lactating (7) 

.100 .500 -.700 -.200 .400 -.100 -.800 -.718 

.000 .000 .400 -.400 -.400 -.800 -.400 .949 

.619 .238 .619 -.143 -.238 -.691 .071 .310 

.378 .607 .321 .179 - .571 .143 .250 -.357 
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Table 4.VI 

The numbers of first neighbours within and beyond two places of 

dominance rank compared with those expected from availability of 

partners. 

Association between males 

Rank-places 

1-2 	3-i- 

observed 	5 	6 
	

binomial test: p  . 520 

expected 3.5 	7.5 

Association between females 

Rank-places 

	

1-2 	3+ 

observed 3.8 14.2 

	

expected 3.7 	14.3 

binomial test: pl.QO 



42.9 Dyadic relationships 

The more frequent neighbour associations between pairs of animals 

are portrayed in Figs. 4.5, 4.6 and 4.7. Arrows run from subjects 

to those neighbours who were nearest in 5.50% of more of the subject's 

samples over the whole study. This critical value was the highest 

which would include all subjects in at least one sociogram, and it 

includes only the top 14.0% of associated dyads. Subjects have been 

placed to minimise line-crossing, so that the distance between them is 

of no import. The width and number of arrows reflect frequency and 

reciprocity of association 

4.2.9a) Association between male pairs: Three associations are 

prominent in Fig. 4.5. Adults A3 and A5 were frequent neighbours, 

and each was associated with a subadult, respectively 62 and 63. 

Furthermore, one of these four males contributes to every link shown. 

4.2.9b) Association between female pairs: Pig. 4.6 illustrates the 

frequent association among mothers. This is not apparent for P12 and 

P18 because they gave birth comparatively late in the study: however 

they both showed increased association with most other mothers after 

parturition. The mother with the least links to other mothers, P14, 

was the one with the oldest black infant. Three lactating females 

associated with particular mothers, namely 77, P10 and P15; while 

P13 increased her neighbour-frequency with P12 by 7.30% after the 

latter had given birth. 

Some females who resumed cycling during the study showed increased 

association together which coincided with increasing association with 

a particular male. This was the case between P5 and P7 (both consorts 

of Al) and between Fl and P17 (both consorts of A3), although both 

associations were short-term. 

4.2.9c) Association between the sexes: The most frequent dyadic 

associations in the whole study were between certain male-female 

pairs (Pig. 4.7). Males Al and A3 give clear examples of partner-

ships with cycling females: that between Al and P5 was the most 

persistent in the whole troop. Resumption of cycling brought a 

number of changes in females' association (Chapter 8): Fl changed 

first associate from A4 to A3; 17 changed from A3 to Al; P13 changed 

from A7 to A53 and P17 markedly increased association with A3. 
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Males A3, 14,  15 and 17 were characterised by their numerous 

links among mothers, which emphasises the focal position of these 

four compared with the newcomers Al and 12, and the older 16 and AS. 

Changes in association of the females who gave birth are not 

shown: F12 1 s association with 12 ceased, and he was replaced by 

17 (17.9%). 	Similarly, P18s prior associates, 12 and 14, decreased 

in favour of 17 (11.6%) and 13. 

Finally, the fact that S3 and 15 shared association with P2 

coincides with the frequent association between these two males 

(Fig. 4.5). 

PART 3.  GROOMING 

4.3.1 	Introduction 

Grooming is one of the most frequent and time-consuming social 

behaviours of baboons. It is important in hygiene, since solitary 

animals become infested with ectoparasites (Hoogstraal, 1956; 

Struhsaker, 1967)  which may carry disease (Kuntz and Myers, 1967), 

and because wounds which are not groomed may harbour fatal infections 

(Bramblett, 1967). 

Grooming is clearly beneficial to the recipient, and, at cost 

merely of time and energy to the donor 9  appears to be altruistic 

(Kurland, 1977). It is not surprising therefore that it is distributed 

along patterns of kinship (Sade, 1965),  dominance (Seyfarth, 1977), and 

alliance (Dunbar, 1980 ; Seyfarth, 1980), and has acquired social 

importance which some consider outweighs its hygiene function (e.g. 

Sparks, 1967). 

Social grooming is usually a relaxed interaction. It was early 

characterised as an act of appeasement (Sade, 1965) and a means of 

reducing tension (Terry, 1970). In the long-ten it evidently initiates 

or maintains social bonds of the sort described earlier (Part 1 above). 

Zuckerman (1932) considered its primary contribution was to mating 

relationships. While this is certainly true of short-ten consortships 

(Saayman, 1971a)  and long-ten heterosexual bonds (Dunbar, 1978b; 

Seyfarth, 1978b), the majority of it cannot be construed as sexual at 

all, since it is especially prominent within matrilines (Sade, 1965; 

Strum, 1975; Cheney, 1976). Because adult females assume dominance 

ranks close to those of their mothers and sisters (Moore, 1978), much 

matrilineal grooming occurs between females close in rank. However, 
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Seyfarth (1977) has proposed that grooming might be more frequent 
between close-rankers even without kinship, as a result of competition. 

He found that high-ranking females were more attractive as grooming 

partners, but that lower ranking females were unable to gain competitive 

access to them, and instead groomed the highest rankers available to 

them, to whit, those close in rank. Seyfaxths model proposes that 

this pattern is modified by kinship and by the attractiveness of 

newborn infants, and subsequent studies confirm most of its predictions 

(Seyfa.rth, 1980; Fairbanks, 1980). Partnership with high rankers 

may confer the benefits of increased affiliation and appeasement from 

others (Fairbanks ibid.) and alliance in aggression (Seyfarth, 1980, 

but cf. Fairbanks ibid.). 

4.3.2 Methods 

Because ad libitum observations were not continuous, it was 

impossible to reliably record the initiation and duration of most 

grooming interactions. Whenever a pair was seen grooming, their 

identity was recorded, and a subsequent record was only made if the 

direction of grooming had reversed or if 20 minutes had elapsed since 

the pair was last seen grooming. Even within bouts separated by more 

than 20 minutes, only the first instance of grooming by each partner 

was recorded, and subsequent reciprocations were ignored. The minimum 

interval was recommended from focal animal data by J.I. Oliver, and 

was probably conservative since Packer (1977a) calculated that bouts 

were independent if separated by intervals of two minutes or more. 

The number of times any animal was recorded as grooming in this 

study was probably a compound of both the frequency and duration of 

its grooming. Self-grooming (autogrooming) was not recorded. In 

the initial analyses, subject-rates (2 XII c.(i)) of grooming are 

included, because the number of partners a subject could groom in a 

day is probably less than the number available in each sex in the study 

troop. 

4.3.3 General observations 

A total of 793 grooming interactions were recorded between adults, 

and 248  between adults and young. Simultaneous mutual grooming was 

never seen. All interactions were dyadic, except that on five 

occasions two animals simultaneously groomed a third (always a mother 

rein 
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Table 4.VII 	Sex—differences in grooming 

Mean rates of grooming within and between each sex. Rates are 

expressed per hundred hours per subject ( above- - ), and per 

dyad ( below  ), with standard deviations. 

Recipients 

Subject rates: Males 	s.d. Females s.d. 

Groomers 

Males (12) .07 	(.20) 3.81 (2.97) 

Females (is) 2.39 	(1.71) 4.57 (2.76) 

Recipients 

Dyad—rates: Males 	s.d. - 	 Females s.d. 

Groomers 

Males (12) .01 	(.02) .20 (.16) 

Females (18) .20 	(.15) .25 (.is) 
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with a black infant), and twice a grooming chain of three animals 

was seen. It is likely that more grooming would have been recorded 

if more observations had been made in the earliest part of the day, 

and during the afternoon (2 XI d.(i)). 

4.3.4 Sex-differences in grooming rates 

Each female subject was seen grooming on average every 14.4  hours, 

each male every 24.7  hours. The rates of grooming within and between 

the sexes are compared in Table 4-VII (also Fig. 4.8). The most 

obvious finding was that males hardly ever groomed one another. The 

rate at which females groomed males per subject-hour was considerably 

less than the rate at which they groomed one another (T=19, ± obs. 

con., n 17, p<O.o1), but the mean dyadic rates were about the same 

(T=70, ± obs. con., xx 18, n.s.). 	This was partly because more 

female partners were available, and partly because each female groomed 

an average of 50% of the other females, but only 32 1/6 of the males 

(T=22, n 18, p  c.oi). 
There were no significant differences in the rates at which males 

and females groomed one another, in subject rates (tr=79.55, con. obs. 

74, n 12, 18, n.s.) nor in dyadic rates (u=llo, con. obs. 120, n 12, 

18, n.s.). 	On average, each male groomed 27% of the females, which is 

close to the reciprocal percentage noted above, so that the higher 

subject-rates by males are due to the greater availability of females. 

In summary, there is little evidence that grooming rates were 

affected by sex except that males seldom groomed one another, and that 

females groomed a higher proportion of the other females than of the 

males. 

4.3.5a) Grooming between male classes: Subadult males groomed adult 

males three tines (rate = 0.08 per hundred dyad hours), and once an 

adult groomed a subadult (corresponding rate o.oi), but grooming 
within either class was not seen. 

4.3.5b) Grooming between female classes: The highest mean grooming 

rates were found between females. The reproductive classes did not 

differ in the rates at which they groomed (Table 4.VIII), although 

cycling females tended to groom most, and pregnant females (excluding 

P19) least (Pig. 4.9). 	Cycling females and mothers did not groom 

other classes at random (p < .05 in both cases) chiefly in that both 

classes favoured mothers, and mothers rarely groomed pregnant females. 
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Table 4.VIII 	 Grooming between female classes 

Dyadic mean rates per hundred hours, with standard deviations 

Recipients Freidman 

All 
females Cycling Pregnant Mothers Lactating x 

Groomers 

Cycling (5) .38 .41 .16 .73 .15 8.46 
(.13) (.28) (.03) (.si) (.ie) p <.05 

Pregnant (4) .26 .12 .33 .44 .15 5.48 
(.31) (.ia) (.39) (.66) (.ie) u.s. 

Mothers (8) .17 .21 .00 .37 .22 9.71 
(.09) (.18) (.02)  (.25) p <.05 

Lactating (7) .22 .28 .06 .42 .18 7.36 
(.ii) (.40) (.06)  (.17) n.s. 

Kruskal-Wallis 11=6.77 
(con. obs. 

7.33) 
n. 5. 

All females groom .24 
(.09) 

.10 
(.02) 

.55 
(.47). 

.15 
(.oe) 

M 
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Although pregnant and lactating females groomed other classes at 

random both tended also to groom mothers more. The high mean rates 

by (and among) cycling females may be an effect of reproductive state, 

but may also be due to the increase in grooming in the wet season, 

since most of the dyads concerned were not cycling during the dry 

season. 

4.3.5c) Class-differences in grooming between the sexes: The mean 

dyadic rates are compared in Table 4.IX. The female classes did not 

groom males at the same rates (p <.oi), mainly because cycling females 
groomed males very much (Pig. 4.9). All female classes tended to 

groom adults more than subadults, significantly in the case of mothers, 

who never groomed subadults (p <0.01); and over the whole study 15 of 

18 females groomed adults more (T=12, n 18, p <. oi). 
Conversely, adult males groomed females more than did subadults 

(Table 4.IXb, p <. 05), although neither class showed a uniform 

tendency to groom females in any reproductive state. Nevertheless, 

some males groomed cycling females particularly frequently, and one 

groomed mothers very often (Pig. 4.10). 

4.3.6 Grooming between adults and young 

Subjects differed markedly in their grooming rates with matures 

(Pig. 4.11). 	Of the 29 that exchanged any grooming with immatures, 

22 received more grooming than they gave (Sign test, p co.oi). Mean 

subject-rates of grooming are listed for each class in Table 4.X. 

The rates are patterned, in that although classes did not differ 

consistently in grooming given, yet they received grooming t different 

rates (p c.oi). Cycling females and mothers received the most, and 

data in Table 4-XI  suggest that the cycling females were groomed mainly 

by young males. 

4.3.7 Mothers' grooming and infants 2  age 

The mothers rank-order for increasing age of their infants are 

compared with their rates of grooming exchanged with various classes 

by Spearman rank correlation in Table 4.XII. Variation between 

mothers was not linearly related to infant age, so that other factors 

may be more important. However it is clear in Pig. 4.9 that the 

females with the newest infants, P12 and FiB, were groomed more by 

both males and females. 
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Table 4.IX 	Grooming between the sexes 

Legend as for Table 4-VIII. Mean dyadic rates per hundred hours, 

with standard deviations in brackets 

Female subjects 

Recipients Wilcoxon 

Al]. males Adults Subadults 

Crooners 

Cycling (5) .71 .94 .22 no test 
(.33) (.41) (.32) 

Pregnant (4) .16 .18 .13 no test 
(.oa) (.oa) (.i) 

Mothers (a) .11 .16 .00 T=0. pCOl 
(.io) (.14) - 

Lactating (7) .09 .11 .05 T=7. n.s. 
(.ii) (.17) (.09) 

Kru.skal-Wallis 11=12.95 
(corr.obs. 	13.50) 

p C .01 

All females groom .27 
(.21) 

.07 
(.io) 

Male subjects 

Recipients 	 Freidman 

All females Cycling Pregnant Mother Lactating X. 

Crooners 

Adults (8) 	.26
(.16) 

Subadmits 	.08
(.06) 

Mann-Whitney (corr.obs.3) 
p <.05 

.93 .17 .23 .13 
(.83) (.22) (.50) (.36) 

.29 .12 .02 .05 
(.09) (.03) (.07) 

6.68 n.s. 

2.78 n.s. 
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Table 4.X 

Class mean rates of grooming to and from immatures, expressed per 

hundred subject hours. Standard deviations in brackets. 

Subjects 

Adult males (a) 

Subadult males (4) 

Cycling females (5) 

Pregnant females (4) 

Mothers (e) 

Lactating females (7) 

Kruska.l Wallis 

Grooming given 

.34 
(.78) 

.38 
(.28) 

.82 
(1.05) 

.85 
(.69) 

.66 

.25 
(.3) 

11=4.04 
(corr.obs. 3.86) 

u.s. 

Grooming received 

.53 
(.90) 

1.30 
(.79) 

3.28 
(1.59) 

.77 

2.03 
(1.02) 

.84 
(.96) 

11=15.91 
(corr.obs. 15.20) 

P C .01 

Table 4.XI 

Incidents of grooming to females by ±inmatures: all cases in which 

the sex of the immature was known. 

Recipients 

Cycling females 
	Other females 

Groomers 

1mm. males 
	 12 
	

2 
	

22.06 

1mm. females 
	

4 
	

25 
	

di' 1. p<.001 
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Table 4.XII 	Infant's age and mother's grooming 

Mothers' ranks in order of increasing age of their infants 

(rank 1 for youngest infant) compared with their rank-orders for 

rates of grooming given and received. N = S mothers. 

Grooming Spea.rnan Con, ohs. 

to males .595 n.s. .714 (p<.05) 

from males .542 .476 

to females -.064 -.167 

from females .575 .548 

to mothers -.214 -.357 
from mothers .578 .405 

to immatures -.146 -.024 

from iinmatures .238 .381 
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4.3.8 Reciprocity in grooming pairs 

Of the 793 adult grooming interactions, 11.1% were first reci-

procations within 20 minutes (4.3.2),  but as many as 84.3% were between 

partners who reciprocated at some time during the study. Grooming 

pairs could therefore be divided into one-way and reciprocal pairs. 

The hypothesis was tested that baboons would tend to groom partners 

which in turn groomed them - i.e. that more pairs than expected would 

be reciprocal. In grooming from one class to another, the proportion 

of dyads in which grooming was seen at all was related to the dyadic 

mean rate of grooming in that direction (comparing these measures over 

33 class-pairs yields r 5  0.818, p  c.oi). 	Thus the proportion of 

dyads in which grooming occurred was a reasonable measure of the 

grooming tendency between classes. 

If there were no relation between grooming given and grooming 

received, the proportion of dyads in which grooming was reciprocal in 

any class-pair was expected to be merely the product of the proportions 

of pairs that groomed at all in each direction. Thus if class A 

groomed in 50% of its dyads with class B, but class B groomed only 

25% of its dyads with class A, reciprocal grooming would be expected 

in 12.51/6 of dyads. 

4.3.8a) Reciprocity according to sex: Fig. 4.12 shows that over 70% 

of female-female dyads groomed at least once, but that far fewer than 

expected groomed reciprocally (Table 4.XIII, p <.00i). 	In contrast, 

less than 409/6 of male-female dyads groomed at all, but fax more of 

them than expected groomed reciprocally (Table 4.XIII, p <.00i). 

Females gave proportionately more one-way grooming to males than 

males did to females. 

4.3.8b) Class-differences in reciprocity: Table 4,XIV shows the 

number of dyads between each pair of classes in which neither, one, 

or both partners groomed. Because the expected number of reciprocating 

pairs is calculated from the proportion groomed by each class as subjects 

in each case, the expected scores account for variation in grooming tendency 

between classes. Among females, reciprocation was more frequent than 

expected in seven of the ten class-pairs, suggesting that the lack of 

reciprocation among females as a whole may be attributed to variation 

in affinity between classes. Conversely, the high levels of reci-

procation between male and female may be traced especially to pairs 

of adult males and cycling females, and pairs of adult males and 
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Table 4.XIfl 	Reciprocity in grooming pairs 

Comparisons of the numbers of pairs in which neither, one, or both 

partners groomed, in relation to the numbers expected. Expectations 

derived as explained in the text. 

Grooming between females 

Grooming 

Neither 	One-way 	Reciprocal Chi square 

Observed 44 	81 	 46 X  96.67 

Expected (44) 	32.6 	94.4 dI.1. p<.00l 

Chi square goodness of fit compares one-way and 

reciprocal pairs only. 

Grooming between male and female 

by males 

No grooming 	Grooming 

by females 

No grooming 139 	 15 chi square contingency 
(113.5) 	(40.5) X 2  67.25 

Grooming 29 	 45 dI.1. p <.001 
(54.5) 	(19.5) 
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Table 4.XIY 	Reciprocity in grooming between classes 

The proportion of dyads between each pair of classes in which grooming was seen in either direction. 

For each class as subject - indicates the number of dyads in which the subject-class did not groom, 

+ indicates the number in which the subject-class groomed. Thus the lower-right cell of each 2 x 2 

matrix is the number of reciprocating pairs, and the expected number is immediately to its right. 

Those with more reciprocal pairs than expected are emphasised by boxes. 

Adult S Subad. S Cycling 9 Pregnant 9 Mother 9 Lactating 9 

 -+e -+ 	e - + e - + e - + 	e - + e 

Adult  -00 283 17 5 18 6 50 4 47 6 

+ 	0= 10.09 1 Ff19.9 32.8 1[]2.0 o[] .5 

0 
- 	 Subad. S - 0 0 12 1 8 3 27 0 24 1 

+ 0 	= 3 [3] 1.3 3 ftl 1.6 3 0=0 2 [3] .2 

Cycling? - 3 4 11 1 13 3 16 3 

+ 3 4.9 4 311 1.5 15 El  5.1 2 U1 1.3 

Pregnant? - 4 1 14 1 18 3 

+ F11 .7 14 0 	.5 5 1.3 

Mother 9 - 7 6 21 13 

+ 76=6 56.4 

Lactating 9 - 14 4 

+ 2.3 



mothers. 

4.3.9a) Grooming and dominance rank 

Previous studies disagree as to how dominance rank affects 

grooming. Sparks (1967)  concluded that allogrooming was more 

frequent in species with a pronounced dominance hierarchy (e.g. 

Defier, 1978, but cf. Rosenblum eta].., 1966), and Lindburg (1973) 

suggested that grooming might counteract any fragmenting effects of 

dominance relationships. Where grooming is more frequent from 

dominant to subordinate, the high rankers groom more (Howell, 1968; 

Bramblett, 1978). But in the majority of studies, grooming is 

more frequent from subordinate to dominant (Bernstein and Sharpe, 

1966; Howell, 1971; Wade, 1977; Stammbach,  1978),  especially 

outside kin-groups (Oki and Maeda, 1973; linde and Proctor, 1977). 

Thus high-rankers often receive more grooming (Seyfarth, 1976,  1980; 

Bramblett ibid; Fairbanks, 1980). However there are studies that 

report no clear relation between rank and grooming (e.g. Simonds, 1 96 5; 

Bernstein, 1970). 

In comparing these studies it is important to consider the 

differences between age/sex classes. In Papio adult males are 

always dominant to females; thus high ranking females might receive 

more grooming from their own sex, but give more grooming to males 

because they can monopolise access to them (Hall and DeVore, 1 965; 

Kummer, 1968). 

4.3.9b) Bank correlations: Table 4.XV compares subjects' dominance 

rank-orders with their rank orders for rates of grooming with male, 

female, and immature partners. There is no obvious relation between 

the two variables, as is also apparent in Figs. 4.8 and 4.11. 	In 

case the conspicuous class-differences among females were obscuring 

any lesser tendencies due to dominance rank, the same variables are 

compared for grooming between particular classes in Tables 4.XVI and 

4.XVfl. In 40 comparisons, two are likely to exceed 5% significance 
by chance alone, so that the only clear finding is that higher-ranking 

adult males are groomed more by cycling females (p  <.01). This is 

shown in Fig. 4.10, which also suggests that except for A2 the higher-

ranking adult males also groomed cycling females more (for the other 

seven adults, r5  = 0.714, con. obs. 0.790). 	Apart from this there 

is little evidence that high rankers attract more grooming or achieve 
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Table 4.XV 

Grooming and dominance rank: I: Overall comparisons. Spearman rank correlation coefficients between 

subjects dominance ranks and rates of grooming given and received with the partners indicated. 

In brackets are the results of the comparisons repeated on scores corrected for observability; 

if they axe the same, they are written (=) 

Grooming given Grooming received 

Partners Partners 

All males All females Immatures All males All females linmatures 

Subjects 
CD 

Males 

Adult (8) - .143 -.266 - .476 -.171 

(=) (=) (.357) (=) 

Subad. (4) - -.800 -.800 - .400 -.400 
(-.200) (-.400) (=) (=) 

Females (is) .330 -.129 .318 .161 -.092 .253 
(.139) (-.189) (.282) (.988) (-.164) (.178) 



Table 4.X\JI 

Grooming and dominance rank: U: Females' dominance rank compared with their 

grooming rates with other females, and with immatures. Tabulated as in 

Table 4.XV. * = p <.05 

Grooming given Grooming received 

Partners Partners 

All females Iminatures All females Immatures 

Subjects 
C 	 Cycling (5) -.600 .564 -.600 -.600 

(=) (=) (=) (-.900) 

Pregnant (4) -.400 
(=) 

-.200 
(=) 

-.200 
(=) 

.400 
(=) 

Mothers (e) .252 .586 -.659 -.238 
(.143) (=) ( - .738) (=) 

Lactating () -.714 -.256 -.143 -.126 
(_.857)* (=) (-.036) (=) 



Table 4.XYII 

Grooming and dominance rank: III: Grooming between male and female. Subjects' dominance rank 

compared with their rank orders for rate of grooming given and received with partners of the 

opposite sex. 	Spearman coefficients with (in brackets) and without observability corrections. 

*p <05 	p<.01 

Grooming given 	 Grooming received 

Partners 	 Partners 

All males Adult males Subadults 	All males Adult males Subadults 

Female subjects 

Cycling (5) 	-.300 	.100 	 - 

-S 	
() 	 () 

0 	 Pregnant (4) 	.000 	.600 	 - 
01 	 (=) 	() 

Mothers (8) 	.381 	.429 	 - 
(=) 	(.095) 

Lactating (7) 	.143 	.234 	 - 
(=). 	(=) 

Partners (females) 

Cycling Pregnant Mothers Lactating 

Male subjects 

Adults (8) 	.500 	-.268 	-.342 	- 
(.571) (-.095) 	(=) 

Subadults (4) 	-1.000 	- 	- 	- 

.700 	.900 	-.600 
(=) 	(=) 	(=) 

.000 	.000• 	- 
(=) 	 (=) 

-.084 	-.287 	- 
(-.167) 	(-.262) 

.111 	- 	 - 
(=) 

Partners (females) 

Cycling Pregnant Mothers Lactating 

.905 	.434 	-.627 	_.726* 
(.857) - 	(.347) 	(-.683) 	(_.830)* 



more access to grooming partners. 

4.3.10 Dominance and direction of grooming among females 

Data in Table 4.XVIII compare the distribution of grooming up and 

down hierarchy in terms of (a) total grooming interactions, and 

(b) the number of dyads in which grooming occurred, among females. 

In neither case is there any evidence that dominance affected the 

predominant direction of grooming, as summarised in that rates uprank 

and dowarank were almost the same. 

4.3.11 Dominance rank-difference and grooming among females 

The distribution of grooming at each rank-difference was analysed 

as described in 2.XIII c). Fig. 4.13a  shows that the highest mean 

rates of grooming occurred at adjacent rank. Although the dyadic 

mean rate did not decrease linearly at more distant ranks (r 5  0.508, 

n=14 rank-places, n.s.) yet there was a significant tendency for 

first partners to be within two places of rank (p  <.001, Table 4.XIX, 

Fig. 4.13b). The number of first partners is less than 18 because 

mutual first partners were counted only as one, and P11 was excluded 

as a partner. There was also a tendency that proportionately more 

of the grooming pairs groomed reciprocally at closer ranks (r 5  0.610, 

n 14, p<.O5, Fig. 4.130). 

4.3.12 Dyadic grooming relationships 

The distribution of grooming between pairs of subjects is 

summarised in Figs. 4.14 and 4.15. 

4.3.12a) Grooming between females: Female subjects have been positioned 

in descending order of dominance rank, anti-clockwise from the top 

(Fig. 4.14). There are 51 links portrayed: their distribution among 

classes differs from that expected had they been formed at random, 

illustrating a number of the conclusions drawn above. Thus, grooming 

among mothers was not especially frequent (9 links, 8.7 expected): 

but mothers were groomed by non-mothers far more than expected (24 

links, 13 expected). 	In turn, mothers groomed others very little 

(e links, 13 expected). 	The females who cycled have 23 links, more 
than the 16.1 expected. Finally, grooming was frequent between pairs 

of adjacent rank (16 links, 5.4 expected). 
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Table XVIII 

Comparison of the proportion of grooming among females given to dominant and to subordinate partners 

1. The amount observed in each direction compared 
with the amount expected from a 50:50 distribution, to to 
in texts of: dominant subordinate 

Interactions: observed: 206 181 x 2  1.615 

expected: 193.5 193.5 df.1. 	n.e. 

Number of dyads in which observed: 87 86 X 	 0.006 
any grooming observed expected: 86.5 86.5 df.1. 	n.s. -S in each direction 

C 

2. Mean dyadic rate in each direction: .32 .33 Wilcoxon: 	over 16 
s.d. (.31) (.35) females (minus Fl, 

P11,1119), T=60, 

Table 4 .XIX 	Rank-difference and grooming 

The number of first grooming partners among females within and beyond two places of dominance rank 

Rank-differences 

	

1-2 	3+ 

Observed 	10.4 	5.6 	binomial, test p<.001 

Expected 	3.4 	12.6 



FIG. 4.13 
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Fig. 4.13. Three estimates of grooming frequency at each rank-
difference among females. Rank-differences increase from left to 
right; ) shows dyadic mean rates at each one; k) shows the dis-
tribution of first grooming  partners as described in the text, 
with the dotted line being the distribution expected if first 
partners had been chosen at random. Graph £) shows the propor-
tion of all grooming pairs in which both members were seen to 
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FIG. 4.14 

C - cycling 	P- pregnant 

M- mothers L- lactating 

67
) rates 

- 135 	 per lOOhrs. 
202 and above 

Fig. 4.14. Grooming between female pairs. All partnerships with a 
rate equal to or greater than 0.67 times per hundred hours are 
indicated by arrows from groomers to recipients, derived from whole-
sample data only. Females identified by dominance rank, with repro-
ductive states indicated. The arrows account for 57%  of the 367 
interactions recorded. 
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Other conspicuous features reflect individual differences. 

Some females groomed almost at random (e.g. P6), but the majority 

were more selective. The one who groomed least was apparently the 

oldest (P4),  while the one who groomed most was the lowest ranker, 

P19, who groomed extraordinarily often and to many partners. The 

mother of the oldest black-infant, P14, was groomed by many females. 

Of the two who gave birth, P18 gained more partners thereafter (13 

who had not groomed her before) than did P12, who gained only four 

partners but lost one. 

4.3.12b) Grooming between male and female: In Pig. 4.15, subjects 

have been positioned to emphasise the grooming of cycling females, 

which are arrayed down the centre (except for P17 and P11 at the 

top left). 

In comparison with grooming among females, the greater reciprocity 

of male-female grooming is obvious. While some females groomed males 

very little (Pig. 4.8), the partnerships between adult males and 

cycling females were conspicuous. Most included consortship, and 

became prominent only after cycling had begun, except those between 

P1 and A4, and between P13 and A7, which had been apparent before. 

The males most involved were Al, A3 and A4. 

There were comparatively fewer and weaker partnerships between 

males and mothers. Adults A3, A4 and A5 are  linked to two mothers 

each. A7 had the most conspicuous partnership, with P3, and he also 

groomed often with the two females who had given birth, resulting in 

his exceptionally high score with mothers (Pig. 4.10). ills relation-

ship with then had not been apparent during pregnancy, because P12 had 

shared a mutual first partnership with A6 (tA2), and P18 had exchanged 

little grooming with any male during pregnancy. Thus A6 and A2 were 

the main partners of pregnant females (the latter especially with P9). 

AG also groomed often with lactating PlO. 

Grooming between subaduJ.t males and non-cycling females was not 

prominent, except for the mutual first partnership between 52 and P4. 
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Fig. 4 .15. Grooming between male and female. All partnerships with a rate equal to or greater than 
0.67 times per hundred hours indicated by arrows from groomers to recipients. For subjects without 
any such partnerships, dotted lines indicate their most frequent recipient below this rate. 
Rates from whole-sample data only: subjects identified by dominance rank, female reproductive 
states as indicated; cycling females down centre and at top left. The arrows account for 7 	of 
202 cases of grooming by females and 70o of 200 by males. 



PART 4. GROOMING AND ASSOCIATION C OMRARED 

4.4.1 	Analysis 
The hypothesis was tested that subjects would groom more those 

partners who were near them more often. For each subject was 

calculated a rank-order across all other subjects firstly in order 

of their neighbour frequency and secondly in order of the rate at 

which the subject groomed them. The data were independent since 

grooming partners had not been included as nearest neighbours. 

Although the grooming ranks were often based on small numbers of 

interactions, with a number of animals who were not groomed at all 

tied at the lowest ranks, yet if the measures were related the ranks 

should have been positively correlated. Table 4.XX compares these 

measures for each subject, and lists also the neighbour-frequency 

of the first grooming partner(s) as a proportion of the subject's 

mean neighbour frequency with that sex. For the latter, any value 

greater than 1.0 indicates that the first grooming partner was also 

a neighbour more than average. 

4.4.2 	Results 
The majority of correlation coefficients were positive, and for 

nine to be significant is more than expected by chance alone (2.5). 

This suggests that there was an underlying trend for subjects to groom 

their more frequent neighbours more often, illustrated by the fact 

that 76% of first grooming partners were above-average neighbours. 

The strength of correlation between association and grooming 

with female partners was higher for the higher-ranking subjects in 

both sexes (Table 4.fl, columns A and B). Comparison between degree 

of positive correlation (in tens of Spearman coefficients) and 

subjects' dominance rank yielded r 5  0.657 for male subjects (n=12, 

pc .o) and 0.588 for female subjects (n19, p <. oi). 	However this 

tendency was not apparent in females' tendency to groom male associates 

(column C, r5  0.374, n 19, n.s.). 	This suggests that higher ranking 

males and females had more consistent relationships among the females 

of the troop, but more detailed data would be required to explain why. 
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Table 4.fl 	Association and Grooming compared 

Spearman rank correlation coefficients between each subject's partner-ranks for neighbour-frequency, and 

rate of grooming to, each partner. The right-hand column in each case lists the neighbour-frequency of 

the first grooming partner as a proportion of the subject's mean dyadic neighbour-frequency with that sex. 

Male subjects Female subjects 

A. with 19 female partners B. with 18 female partners C. with 12 male partners 

Males r 1st partner Females r5  1st partner r5  1st partner 

Al .401 10.96 Fl .224 1.57 .453 3.19 

A2 .428 1.88 P2 .548* 1.89 .409 4.90 

A3 .564* 1.32 P3 .449 2.21 .674* 3.06 

-.s 	A4 .639 2.06 P4 .416 1.86 .364 .91 

A5 .320 1.33 P5 .089 .44 .762 7.07 

Si .339 2.02 P6 .271 .99 .427 1.16 

A6 .324 .94 P7 -.031 .57 .634* 3.76 

A7 .165 1.40 P8 .277 .73 .675* 2.02 

AS .267 .53 P9 .340 1.06 .618* 2.09 

62 .394 1.44 P10 -.210 .40 .459 1.81 

53 .363 1.61 P11 .276 2.42 .406 1.66 

64 .053 .89 P12 .340 1.74 .091 .92 
P13 .089 2.08 .432 .99 
P14 .237 1.51 .676* 3.25 
P15 .236 1.37 .337 1.48 
P16 .218 1.29 .318 1.19 
P17 -.075 1.28 -.060 2.61 
P18 -.257 .90 .584 1.51 
P19 -.232 1.33 .387 1.94 



PART 5. OVERVIEW AND DISCUSSION 

4.5.1 Association and grooming 

Individuals clearly differed in their choice of, or access to, 

particular companions and in some cases overtly competed over them. 

Overall, females appeared to maintain proximity to males, especially 

during travel, except that adult males predictably followed their 

oestrus female consorts. 

The patterns of association and grooming were not always 

concordant, suggesting they might provide slightly different benefits. 

Thus to be near a particular animal, especially a potential ally, 

might favourably alter relations with other animals at the time: but 

to groom another might provide less immediate advantage, yet contribute 

to longer-ten beneficial relationships (e.g. Cheney, 1978). 	In 

other cases, however, proximity without interaction may be the result 

of inhibition. Other discord.ancies between the measures reflect 

differences in the way the data were collected. Because association 

was sampled regularly, at intervals, data are likely to reflect 

tendencies that were consistent over the whole study. In contrast, 

grooming was recorded more opportunistically whenever it was seen, and 

the data are more likely to include intense short-ten relationships 

as well. 

4.5.2 Affiliation and the spatial pattern 

The affiliative relations described above coincided generally 

with the spatial pattern of the troop. The males who had mothers 

as neighbours more often also spent more time in the clusters 

(3.5 d.(iii)), and a similar correlation was found for females 

(r5  0.740,  n  19, p <.oi). A number of examples are given below which 

support this conclusion. The exceptions are. in some grooming relation-

ships: thus P19 groomed mothers very often, but spent little time in 

the clusters; and sick P11 also had normal grooming rates despite 

being exceptionally peripheral. 

4.5.3 Initiation and context of grooming 

Most grooming was relaxed interaction during periods of rest, 

and appeared to be affiliative behaviour by the groomer, except that 

a number of interactions were actually initiated by the groomee 
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(Simpson, 1 973). 	Grooming often began in response to groom-presents 

or rear-presents: some animals would groom briefly before groom-

presenting, particularly when adult males solicited females' grooming 

(also Rowell, 1972;  Packer, 1977a). 

Mounting occasionally led to grooming by the mountee. After 

aggression, the recipient sometimes groomed the aggressor, which might 

represent conciliation although occasionally the aggression itself 

seemed directed to elicit grooming. Grooming also occurred between 

recent allies in aggression (as reported for female grooming of males, 

Packer, 1977a)  and animals under attack sometimes took refuge by 

grooming an adult male (as in Lummer, 1967,  and Kurland, 1977). 

Direct competition over grooming partners was not frequent, but 

obvious when a third animal supplanted or chased one of a grooming 

pair and then groomed or solicited grooming from the other. Adult 

males regularly groomed their female consorts, but there was no 

indication this was instrumental to successful copulation (cf. 

Saayman, 1970, 1971a). Both consort grooming, and males' grooming 

of mothers with new infants, was sometimes possessive against nearby 

males. 

Thus although grooming may have originated as a utilitarian 

behaviour concerned with hygiene (Hutchins and Barash, 1976),  it has 

clearly acquired a variety of social uses, so that its patterning 

between different individuals may reveal underlying social relation-

ships. 

4.5.4 Affiliative relationships: review 

The patterns of association and grooming were influenced more 

by the participantst sex and reproductive class than by dominance 

rank. 

4.5.4a) Relations between males: Association between males was not 

especially infrequent, but grooming between them was extremely rare, 

as in other troops (Howell, 1967a; Saayman, 1971a). While this 

may reflect lack of kinship between transferred males, it is more 

likely to reflect the competitiveness of their relations (Chapter 6). 

Thus in hamadryas and gelada baboons, grooming occurs between males 

who do not have access to females, but is rare among those who do 

(Kummer, 1968; 	Dunbar and Dunbar, 1975).  However, other factors 

may be involved, since male macaques sometimes groom together 
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(Sugiyama, 1971; Sade, 1972). 

Packer (1979a) concluded that transferred (adult) males tolerated 

the proximity of natal (subad.ult) males more than of other transferred 

males. Six of the eight adults here also had subaduJ.ts as more 

frequent neighbours (Fig. 4.1), and the mean frequency of association 

among adults was the lowest among any male class. The conspicuous 

association between A3 and A5 clearly reflected their frequent 

alliance (Chapters 6 and 8). The more frequent proximity between 

83 and A5 was at least in part a shared association with P2, but there 

was no obvious common associate in the partnership of 82 and A3. 

These subadults' proximity to the adults did, not often confer the 

benefit of alliance (Chapter 6), and there is no evidence to support 

the idea that they were identifying with the roles of leader males, as 

suggested by Imanishi (1963). 

4.5.4b) Relations between females: The high mean frequency of 

association between females was mainly due to the mothers. Females 

groomed more often than did males, primarily because the former groomed 

all classes while the latter only groomed females very- often. Females 

groomed one another most, especially in that they groomed a high 

proportion of female partners. These data agree with other reports 

that the most frequent grooming is between females (Hall and Devcre, 

1965; Howell, 1967b, 1968)  in contrast with hamad,ryas (Kummer, 1968). 

i) Female dominance rank. High ranking females did not attract 

more association or grooming from other females (of.-  Seyfarth, 1976). 

Furthermore, association was not more frequent between close rankers, 

but grooming clearly was, and tended to be more reciprocal. More 

frequent grooming at close ranks is widely reported (Howell, 1966b, 

1971; Seyfarth, 1976, 1980;  Lindburg, 1973; Old. and Maeda, 1 973). 

Without data on kinship between females, it is not possible to deter-

mine whether this represented grooming between close-ranking kin, or the 

resolution of attractiveness and competition proposed by Seyfarth (1977). 

Overt competition was not common, but evidence for more subtle competition 

is that partnerships of association and grooming were more concordant 

for higher-ranking females. Similarly J. Altmann (1980) found that 

low-ranking females appeared frequently near attractive individuals 

(in this case mothers rather than high-rankers), but that high-rankers 

were more prominent in interacting with them. 
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The discrepancy between association and grooming in this result 

suggests that close rankers do not spend more time together, but that 

when they do they are especially likely to groom. Alternatively, 

sampling of association within a radius as great as 15m might have 

failed to detect any effect of rank-difference on closer associates. 

ii) Female reproductive state. Females' reproductive state 

affected their association with other females; and it affected the 

amount of grooming received more than grooming given (also Rowell, 

1966 ). 	Consistently, mothers were associated with other females 

more, and received more grooming from them, while pregnant females 

associated and were groomed the least. 	In detail, all female classes 

groomed mothers the most, and both mothers and lactating females had 

mothers as most frequent neighbours, although the associations of 

cycling and pregnant females were less consistent with their grooming. 

Mothers gave little grooming, least to pregnant females, and all of 

them received more grooming than they gave (Saayman, 1971a; Altmann, 

1980) whereas most other females gave more than they received 

(Fig. 4.9). Cycling females groomed more than most (perhaps a 

seasonal bias in observation, 2 XI d). 

The attractiveness of mothers is common to baboons (e.g. Rowell, 

1968; 	Seyfarth, 1976), except for hamadryas (Nagel, 1971), and is 

largely due to the attractiveness of the infant (Rowell eta., 1968) 

which declines as the infants age (DeVore, 1963;  Nash, 1978a; Altmann, 

1980). 	The affiliative and spatial patterns of females in Nsembe 

Troop appeared to be determined largely by this fact (also Chapter 3). 

The interest in infants among mothers and by their associates such as 

F7 and PlO, may represent maternal behaviour generalised to include 

the infants of other females (Nash, 1974). However, nulliparous 

females in Presbytis axe reported to learn infant-handling in this way 

(Hrdy, 1976,  1978). While mother and infant may gain safety in 

numbers from the attentions of others, and the infants may gain 

valuable social experience, yet their attentions axe not entirely 

beneficial since they may become so frequent as to cause distress 

to the mothers (Altmann, 1980). 

The four pregnant females 3  low levels of association and (with one 

exception) grooming reflect previous reports that they are socially 

inactive (Saayman, 1971a; Rowell, 1972). 	This, and their spatial 

pattern, differ greatly from those of mothers (Chapter 3). 
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The data on association and grooming contrasted markedly in that 

the loiter emphasised relations among mothers (Pig. 4.6) while the 

latter emphasised relations between other females and mothers 

(Pig. 4.14). 	This is partly because mothers groomed so infrequently, 

since when they did so they still groomed one another the most. The 

reason that they groom so infrequently may partly be that they are 

preoccupied with their infants (Altmann, 1980),  but perhaps also they 

receive so much interaction that they are little motivated to increase 

it. Conversely, other females groomed them more than expected from 

association, especially cycling and pregnant females who associated 

comparatively little. 

Four females require further comment. Mother P14 was groomed by 

many females (Pig. 4.14)  perhaps because her associations with mothers 

were less intense (Fig. 4.6). 	She may therefore have been more 

accessible, also in that her infant was the oldest and her rank 

relatively low. Secondly, although the two females who gave birth 

showed sharply increased association and received more grooming there-

after, yet P18 showed the greatest increase in grooming, perhaps 

because she was the lower ranking of the two (also Rowell, 1972; 

Seyfarth, 1976).  The frequent association between these two females 

exemplifies the 'maternity bonds' described by Ransom and Ransom 

(1971; also Nash, 1976;  Altmann, 1980). 

Finally, the pattern of relationships in Fig. 4.14 is much 

influenced by the grooming of P19 who groomed more than any female, 

and encompassed 15 of the other 18 females, including all the mothers, 

as groomees. 	It is possible that as the lowest ranker she was least 

attractive, and so may have been attempting to establish bonds with 

others, inevitably higher rankers; but she attracted far less grooming 

than she gave. 

4.5.4c) Relations between males and females: Association and grooming 

between males and females was more frequent than that between males, but 

less frequent than that between females. However the most conspicuous 

dyadic relationships were between some males and females. Higher 

ranking females had male neighbours more often (Pig. 4.2), which 

suggests that they were more successful in gaining access to males, 

or (as implied by Ransom and Rowell, 1972) more attractive to them. 

Male-female grooming was more reciprocal than that between females, and 

relations between the sexes were much affected by male class and female 
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reproductive state. 

Subaduj.t males showed less involvement with females than did 

adult males. Both Saayman (1971a)  and Packer (1977a)  found that 

females groomed the subadults less, but in the latter case this was 

because the adults solicited grooming more: although in other 

behaviours the females also preferred the adults (Packer, 1979a). 

Three subadults tended to associate and groom with cycling females, 

and they were evidently more attracted to these than to other 

females, especially mothers (also Altmann, 1980). 

Two subadults had partnerships with females involving frequent 

association but little grooming, S4 with P12, and S3 with P2; the 

latter pair shared strong physical resemblance, and may have been 

siblings. In contrast, S2 and the old P4 were one another's first 

grooming partners of that sex, but associated little: from other 

details of their relationship, and from Cheney's (1978) finding that females 

rarely groom subadults who are not their Sons, it is likely that P4 was 

his mother. 

In relations between adult males and females, data on association 

emphasise the adults' partnerships with cycling females and with 

mothers, while data on grooming emphasise mainly the former. This 

was in part because relations with cycling females were more transitory, 

but also because they involved a conspicuous amount of grooming. The 

adult males differed individually in their involvement with each female 

class. 

The partnerships between adult males and cycling females were 

directly concerned with mating, as described elsewhere (Hall, 1962; 

DeVore, 1965; Saayman, 1970; Hausfater, 1975; Seyfarth, 1978a), and 

are discussed in Chapters 7 and 8. High-ranking adults spent more 

time with cycling females, were groomed more by them, and (except for A2) 

groomed them more. This pattern reflects both the competitive ability 

of high rankers and the preferences of the females (Chapter a). 
Adult males less frequently groomed or associated with pregnant 

females, except for A2 (notably with P9), and A6 who groomed often with 

P12. 	Such grooming was also noted by Howell (1968)  and Saayman 

(1971a). 	These partnerships might have been imposed by the males to 

obtain grooming, since pregnant females were more accessible to these 

two peripheral males. However, A2 1 s pregnant partners included at 

least two females with whom he had mated beforehand: such partnerships 
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may therefore continue relationships established in mating, and might 

coincide with paternity. Finally, they mitt represent male 

investment towards access to the infant, of use in agonistic buffering 

(Chapter 6). Although A6 did not gain access to P12's infant, yet A2 

was the first of the newcomers to gain access to any infant, that of 

his associate P9 (Ngatwika, pers. comm.). 

Adults A7, A3, 14 and A5 shared partnerships with mothers. It is 

often reported that mothers maintain proximity to adult males, often 

favouring particular ones (Stoltz, 1972;  Seyfarth,  1978b;  Altmann, 

1960), and that the males often seek out mothers (DeVore,.1963; 

Hall, 1963; 	Ransom and Ransom, 1971) so that their affinity appears 

to be mutual. A3 and A7 competed over access to the new mothers P12 

and P18. Both mother and infant gain protection from such males, 

both passively and actively since males are quick to defend them 

(DeVore, 1963;  Hall, 1963; and especially Altmann, 1980). 	A 

general protectiveness to infants may be adaptive behaviour in males, 

especially males who have fathered a high proportion of them. However, 

because male-female partnerships may persist through both mating and 

lactation (Ransom and Ransom, 1971; Seyfarth,  1978b),  males may give 

more protectiveness to those infants that are more likely to be their 

offspring (Altmann, 1980). Yet in this study the partnerships between 

the new mothers and 17 could not have been predicted during pregnancy 

(and no data on their mating are available): and Packer (1980) found 

no correlation between probable fatherhood and protectiveness to 

infants. Because not all male-female partnerships persist in this 

way (Seyfarth, 1978b) it seems likely that some male/mother relation-

ships may coincide with paternity, others may not. 

Adult males' relationships with mothers may also allow the male to 

carry the infants, which as Packer (1980) has shown gives them advantage 

in agonistic interaction with other males ('agonistic buffering?: 

Deag and Crook, 1971). 	This is further discussed in Chapter 6. 

Males manipulating infants would gtoom them, more in restraint than 

in care (also Nash, 1973;  Packer, 1980). 

Adult males showed less affiliation with lactating females than 

with mothers, but from the frequency of their association, and the 

identity of the males involved, it is likely that many of the partner-

ships may have waned from more intense relations during motherhood. 

The most prominent relationship was between 16 and PlO. 
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4.5.5 Grooming between adults and young 

Immatures gave most grooming to mothers (also Saayman, 1971a) and 

cycling females, most of the latter being by young males (Ransom, 1 97 1 ; 

Cheney, 1978).  Many of the immature female groomers were daughters of 

the groomees (Lee, pers. comm.). Many of the differences between 

females may reflect mother-offspring relations: thus P2's frequent 

grooming was largely to her juvenile son (Lee, pers. comm.). 

4.5.6 A comparison of the males 

The males showed a full range in apparent age from young subadult 

(S4) to aged adult (AS). If the behaviour of each may be taken as 

representative of its age, the data suggest a hypothetical life-history 

of male affiliative relations. 

Subadults: The three younger subadults associated mainly with 

one another, and with the focal adult males; and with cycling females, 

with whom they exchanged grooming. They associated less with other 

female classes, and groomed least with mothers. They groomed with 

ininatures more than did adult males - perhaps because of kinship - 

and two had partnerships with females who may have been kin. The 

older Si spent less time with either sex, and did not groom with 

cycling females despite his higher rank. 

Given the peripherality of Si, these data suggest that subadults 

have few bonds with females other than cycling females, and their kin, 

and that both these and their partnerships with males may wane as they 

near adulthood and emigration (Packer, 1979a). 

Young adult/newcomer males: Al and A2 spent as much time near 

males as did longer-tern residents. Their two salient features are 

the rarity of their association with mothers and lactating females 

(they groomed with neither); and their conspicuously frequent 

association and grooming with cycling females. A2 was often involved 

with pregnant females also. 

It is by no means usual for newcomers to assume the highest 

dominance ranks as they did here (Hausfater, 1975; Packer, 1979a), 

so that it may not be typical for them to interact so much with 

cycling females, unless preferred by them. However their lack of 

involvement with mothers is probably typical. They also tended to 

be peripheral during travel, and association with pregnant females 

(as for A2) may be a consequence of this. 
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Prime adults: A3, A4 and A5 shared the following features. 

They tended to have subadult male neighbours, and they were near 

mothers much more than were the newcomers. They groomed mothers a 

little, and pregnant females least, but their main association and 

grooming was with cycling females. 

These prime adults had been in the troop at least a year, and 

their behaviour suggests that familiar prime adult males become the 

focus of groups of mothers, but that they interact with cycling 

females in accordance with their dominance rank. 

Older adults: A6, A7 and AS differed individually, and will 

be discussed in turn. 

A6 did not associate unusually with any class, except that he 

had notable partnerships with one pregnant and one lactating female. 

A7 was involved most with cycling females and mothers, least 

with pregnant females. 	In this he therefore resembled the three 

prime adults; except that females tended not to travel with him 

(Chapter 3). But his frequent involvement with mothers was unique. 

He monopolised access to the two with newest infants (despite 

competition from higher-ranking A3), he groomed them more than they 

groomed him, and was the first to have access to their infants 

(Chapter 6). 	Packer (1977a,1979b)  also found that old males 

groomed females more, echoing Seyfarth's (1978b) description of a 

male grooming females. who no longer preferred him (paralleled also 

in Kummer and Kurt, 1965, pp.74-75, and Nagel, 1971, p.54). 	In the 

light of this, A7 may have been attempting to strengthen relationships 

with these mothers, perhaps because they were likely to prefer the 

prime adults (Chapter 3). The short-term benefit of access to their 

infants for agonistic buffering would have been especially valuable 

for a male of advancing age and presumably declining rank. 

The aged AS appeared further advanced in such changes. His 

main associates were lactating females, but he was seldom groomed 

by females at all - he groomed them more than the reverse. But he 

groomed conspicuously often with immatures (Pig. 4.11), mainly brown-

phase infants, and occasionally carried them against other males. 

He therefore appeared to have lost most bonds with females, but to 

be cultivating relationships with immatures, for the observed benefits 

of grooming returned and some agonistic buffering. 
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These data suggest that ageing males lose their affiliative bonds 

among females, but that they may counter this by investing more 

grooming in particular partners, in this case mothers or izmnatures. 

An alternative interpretation for A7 and AS would be that they were 

establishing protective relationships with infants that may have been 

their offspring: there are no data on paternity to assess this 

likelihood, but such behaviour might be expected in older males of 

lower reproductive value (Kurland, 1977;  Packer,  1980). 
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Sociosexual Behaviours 

5. 1 This chapter describes the distribution of two behaviours, 

presenting and mounting (defined in Appendix i.c). Because these 

two patterns are integral to copulation, but yet occur in wider 

contexts including between members of the same sex, they are 

classified as sociosexual behaviours (Hanby, 1976). 

Presenting is also described as an act of subordinance, and 

mounting an assertion of dominance, so there has been confusion as 

to whether they are motivated sexually or agonistically. The view 

that they are primarily sexual assumes that because females present 

to males, and males mount, and yet males are dominant to females in 

most species, the two behaviours have secondarily come to express 

dominance relations. An extreme form of this view is that the 

present undercuts the agonistic impulses of the partner because it 

is a sexual invitation and elicits instead a sexual response 

("prostitution", Kempf, in Maslow, 1936.). 
The alternative proposition, that mounting is primarily an act 

of dominance and presenting of submission, so that mating is only 

possible if the male is dominant (Maslow, 1936 ), has received little 
support. Instead Rowell (1974) emphasises that within a range of 
species there is no universal context of mounting (or presenting) 

except for copulation itself, so that 'sexual' patterns grade into 

agonistic and friendly patterns in different ways in different 

species. 

The situation in any one species can best be understood from the 

ontogeny of the behaviours. Hanby (1976) considers that in Old 
World primates, 'sociosexual' behaviours develop in two contexts: 

contacting and copulation. The preliminary evidence in baboons 

is that they first arise in contexts neither sexual nor agonistic. 

Mounting appears to be derived from the infant's climbing to ride 

dorsally on the mother: the motherts  invitation to the infant to 

do so is often indistinguishable from a present (Owens, 1976). 
Presenting is related to the fact that adults often inspect the 

ano-genital region of infants, sometimes lifting the rear to do so. 

Older infants initiate such interactions themselves, even by backing 
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into the adults; presenting appears to develop from this pattern 

(Ransom and Rowell, 1972),  and it may therefore be important in 

individual recognition (Rinde, 1974). 
The data presented here portray the distribution of these 

behaviours with respect to the sex, class, and rank of the participants. 

Dyadic partnerships are described, and the contributions of presenting 

and mounting to the social relations of the adults are discussed. 

PART 2. METHODS AND CATEGORIES 

5.2.1 Because of the ad libitum method of recording behaviour, fine 

distinctions were not made between different types of present and mount 

(cf. Kummer and Kurt, 1965; Struhsaker, 1975). 	Secondly the 

distinction between sexual and sociosexual behaviour was an arbitrary 

one: non-intromitted mounts are considered here, intromitted mounts 

in Chapters 7 and 8, although many of the former were clearly failed 

attempts at the latter. 

A third problem is that presents and mounts were not entirely 

independent. 	Of 184 presents to adult and subaduj.t males for which 

the response was seen, 10.3% elicited mounting. This accounts for 

about 8.9% of these majest  unintromitted mounts analysed here: 

possibly more of these mounts had been preceded by presents, since 

mounts were more conspicuous. Because the measures overlapped by 

so little, all interactions have been retained in analysis. 

Presents were only recorded if made by adult females to males 

or immatures. This was because they were to be used in analysis 

primarily as an index of female preference for males, but it was not 

felt they would provide a useful index of rank within either sex 

(mainly from personal observations of olive baboons at Gombe). This 

proved to be an error, because the few presents which were incidentally 

recorded within-sex were mainly by subordinates; Stambach (1978) 

found this also among female hanadryas. 

Analysis of mounting between males is presented more fully in 

Chapter 6, as part of a description of male-male relationships. 

Fig. 2.2 suggested that more presents might have been recorded 

if observations had continued later in the day, but there is no 

evidence that this applies to mounting. Table 2.6 also showed that 

individual differences in present-rates were not closely paralleled 
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by observability differences, but that rates of mounting given by both 

males and females were. 

PART 3. SEX AND CLASS DImflICES 

.3.1 Females' present-rates are known to change with reproductive 

state (Rowell, 1967a; Saayman, 1970), in part following hormonal 

changes but in macaques also influenced by recent sexual experience 

(Zumpe and Michael, 1977)  and social context (Slob et al., 1978). 

The rate at which males mount females varies in the same way, being 

highest for cycling females at full swelling (Rowell ibid: Hausfater, 

1 975). Males are commonly reported to mount one another, but 

female-female mounting is less common. 

Because all males were dominant to all females, heterosexual 

mounts by males were inevitably downrank, while presents by females 

were uprank. Even within sex, however, most mounts were downrank 

(5.4.2). Rates of mounting by male and female are therefore only 

compared if calculated in the same rank-direction, and class-rates 

within sex are analysed separately downrank and uprank (Ch.2 XIII a,2). 

5.3.2 Sex differences 

Each male mounted on average every 174 hours, while each female 

did so only every 1054 hours. Mean dyadic rates within and between 

sex are listed in Table 5.1. No female was ever seen to mount an 

adult or subad.ult male. There was no clear indication that males 

mounted females more than one another (T=21, con. obs. 19, n 12, 

nor more than they mounted males of lower rank (T=18, con. obs. 21, 

n 11, n.s.). However, mounting among males was more frequent than that 

among females (U=46, corn obs. 42, n 12, 18, p .( .02), which as 

Table 5.11 shows was in part because males mounted uprank consistently 

more than females did. 

5.3.3 	Class differences 

5.3.3a) Mounting between males: Data presented in the next chapter 

(6.83 ) show that male classes differed only in that adults mounted 

lower ranking adults at particularly high rates, significantly more 

than they mounted subadults (p c.os). 
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Table 5.1 	Mounting within and between each sex 

Mean dyadic rates per 100 hours, standard deviation in brackets. 

(n = 350 mounts) 

Recipients 

Males 	Females 

Mounters 

Males (12).15 	 .22 
(.14) 	(.14) 

Females (ie) 	- 	 .04 
(.05) 

Table 5.11 	Mounting within each sex 

Mean dyadic rates per 100 hours, to dominants (uprank) and to 

subordinates (docank) 

Between males 
(ii) 

Uprank 	 .06 
(.oe) 

Downzank 	.15 
(.19) 

Between females 
(1 7) 

.02 
(.03) 

.08 
(.09) 

Mann-Whitney 

U=23.5 * obs. con. 
p <.002 

U68, con. obs. 67, 
p > .1 
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FIG. 5.1 
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Fig. 5.1. Mounting rates between males (upper figure) and 
between females (lower figure). Mean dyadic rates er hundred 
hours, of mounts given (above x—axis) and received (below it). 
Subjects arranged in descending order of dominance rank from 
the left; females are C - cycling, P - pregnant, N - mothers, 
L - lactating, with the sick female 
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5.3.3b) Mounting between females: Mounts uprank were too infrequent 

for analysis, but comparisons of rates downrank in Table 5.111 show 

that reproductive state did not affect females rates of mounting one 

another, but did affect how often they were mounted. Cycling females 

were mounted conspicuously often. 

5.3.3c) Females present to males: Female classes presented to males 

at different rates (Table 5.17: p <. 01), with cycling females 

presenting most, and mothers least of all. All classes tended to 

resent more to adults than to subadults, significantly so for those 

females who presented often enough over the whole study to compare 

(p < . oi). Thus the rates from cycling females to adults were 

particularly high (Figs. 5.2 and 5.3). 

5.3.3d) Males mount females: Adult and subadult did not differ 

consistently in their rates of mounting females (Table s.v). 
Subadults did not mount females at random (p= .02), all favouring 

cycling females (Fig. 5.2). Adult males were not consistent in their 

preference for particular classes, but some mounted cycling females 

very often (also  Pig. 5.2). 

5.3.4 Interactions between adults and immatures 

The scant data on females' presents to immatures show that classes 

differed (Table 5-VI: p <.05) with cycling females presenting most and 

again mothers the least. Classes did not differ in the rates at 

which they mounted immatures, but tffered in their receipt of mounts 

(Table 5-VI: p( .oi), with cycling females receiving most, and the 

two male classes the least. The sex of the immature partners was not 

usually identified, but in 52 mounts on females in which it was, 47 

were by young males: yet in the eight mounts by adult females on 

identified inmatures, all were on females. 

PART 4.  DONThANCE RMIX AND SOC IOSECUAL DITERACT ION 

5.4.1 The ideas that presenting is an act of subcrdinance, and mounting 

an act of dominance, are supported by those studies of whole groups 

which show that high rankers mount more and present less (Hall and 

DeVore, 1965;  Rowell, 1966b; Richards, 1974;  Deag, 1977). 	However 

such correlations may be spurious (Rowell, 1974): in any pair, 

mounting may be more likely from male to female, and presenting from 
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Table 5.111 	Mounts between females 

Mean dyadic rates per 100 hours, downrank only (i.e. from dominant 

to subordinate). Standard deviations in brackets. n = 62. 

Female classes Kriaka.l-Wallis 

Cycling Pregnant Mothers Lactating 

Mounts 

given .09 .o6 .16 .06 E = .03, corr.obs. 	.04 
(.ii) (.09) (.27) (.05) p ci.O 

Mounts 

received .26 .04 .02 .07 U = 12.15,corr.obs. 	11.71 
(.14) (.04) (.03) (.06) p <.01 

Table 5.IV 	Females present to males 

Mean dyadic rates per 100 hours (s.d. in brackets), calculated over 

all females using whole-sample data, and for each class including 

part-sample data. 	(N = 194). 

Kraskal-Wallis 

Recipients 

All males Adults Subadults 
(12) (a) (4) 

.19 .27 .03 
(.19) (.27) (.05) 

.77 1.08 .12 
(.7)  (.io) 
.11 .16 .01 

(.04)  (.03) 

.03 .05 .01 
(.03) (.04) (.02) 

.14 .19 .05 
(.io) (.13) (.07) 

H-_16.25 

con. obs. 16.70 	P. <.01 

Presenters 

All females (is) 

Classes: 

Cycling (5) 

Pregnant (4) 

Mothers (a) 

Lactating (7) 

Wilcoxon 

T=0 (.t obs. con.) 
n 13. 	pc.01 

no test 

11 

II 
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Table 5.V Males mount females 

Mean dyadic rates per hundred hours (s.d. 	in brackets). xi = 210. 

Female recipients Freidman 

All 	( -is) Cycling Pregnant Mothers Lactating Z ar 

Mounters 

Adults (s) .25 .86 .17 .12 .17 5.66, df 3 
(.14) (.98) (.31) (.12) (.12) p <.2 

Subadults (4) .15 .63 .11 .03 .13 8.40, 	di' 3 
(.12) (.54) (.18) (.02) (.ii) p= .02 

Mann-Whitney U = 9 
(± obs.corr.) 

P = .28 

Table 5.VI 	Interactions between adults and young 

Mean subject rates per 100 hours (s.d. in brackets) 

Behaviours by adult subjects 

Presents given 	Mounts given 
	

Mounts received 
(n17) 	 (n=25) 
	

(n=152) 

Classes 

Ad. males (8) 

Sub, males (4) 

Cycling () 

Pregnant (4) 

Mothers (a) 

Lactating (7) 

Kruskal-Wallis 

.69 

.17 
(.21) 

.03 
(.08) 

.19 
(.27) 

H = 9.17 
(corr.obs.8.40) 

p <.05 

.17 
(.27) 

.33 
(.12) 

.65 
(.65) 

.06 
(.ii) 

.08 
(.24) 

.14 
(.29) 

H = 9.13 (8.69) 
n. 5. 

.17 
(.26) 

.22 
(.32) 

7.54 
(5.17) 

.79 
(.79) 

.35 
(.41) 

.97 
(.89) 

H = 17.85 (18.14) 
p (.01 
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female to male, but since males axe often higher ranking such correlations 

become an inevitable result of sex-differences. Similar arguments 

apply to size if the larger of any pair is more likely to mount and 

to be dominant. The importance of rank per se can only be assessed 

by examining interactions between animals of similar sex and size. 

Accordingly in this section the rates of mounting within sex are 

examined for evidence of any effect of dominance. Some studies report 

also that mounting is more frequent between partners closer in rank 

(Tolcuda et al., 1968;  Owens, 1976). 	Secondly, the distribution of 

presents and mounts between the sexes are analysed for evidence that 

rank affectsthem through competition or attractiveness. 

5.4.2 Rank-direction of mounting within each sex 

Data in Table 5-VII  indicate that most mounts were from dominant 

to subordinate (p <.001 in both sexes). A higher proportion were 

downrank among females than among males (p <.05). Most females 

showed higher dyadic mean rates of mounting to subordinates than to 

dominants (T=2 ± obs. con. n 11, p  <.oi), but this tendency was not 

general among males (T=16, con. obs. 13,  n  9,  n.s.). 

5.4.3 Dominance rank and interaction rates 

5.4.3a) Mounting among males: Correlation coefficients between males' 

ranks and their rates of mounting are listed in Chapter 6 (6.8.4 
). 

They show that higher ranking males mounted more overall (p <.05: 

also Fig. 5.1a): this was partly because subadults, who mounted 

less, were of lower rank, but the tendency was also apparent within 

each class. Secondly, lower-ranking males did not receive more 

mounts, reflecting the fact that the highest rates were downrank 

among adults, so that lower ranking adults received more (p<. 05: 

Fig. 5.1a). 	It is also shown that high ranking adults mounted more 

downrank (p < . oi), i.e. more than expected merely from the availability 

of subordinates to each. 

5.4.3b) Mounting among females: Females' dominance ranks are compared 

with mounting rates in Table 5-MI:  although mount-rates were not 

proportional to dominance rank (also in Fig. 5.1b) yet the coefficients 

for mounts given were all positive, and for mounts received, negative. 

The weakness of the linear correlation probably reflects paucity of 

data and conspicuous individual differences, since the direction 
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Table 5.VII 	Rank direction of mounting within each sex 

Number of mounts given to dominants (uprank) and to subordinates 

(dowxn'ank) in each sex. Chi square goodness-of-fit compares 

with 50:50 expectation: chi square 2 x 2 compares males with 

females. 

Uprank Downrank % down X goodness of fit 

Between males 	20 	58 	74.4916 	18.57. p <.001 

Between females 	7 	55 	88.7% 	37.16. pc.001 

2 x 2 z 2 4.34,p<.05 

Table 5. VIII 	Dominance rank and mounting between females 

Spearman rank correlation coefficients between females' dominance 

rank and ranks for rates of interaction with all other females. 

Results of tests repeated on scores corrected for observability 

are shown in brackets, (=) if unchanged 4p <. 05 

Mounts given 	 Mounts received 

Subjects (N) 

All females (-la) 

Cycling () 

Pregnant (4) 

Mothers (8) 

Lactating (7) 

. 46 9* 	(•453)Th5 -.291 (-.251) 

.667 	(= ) 
-.600 (-.soo) 

.738 	(=) -.316 (=) 

.343 	(=) -.166 (-.152) 

.649 	(=) -.036 (=j 
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constancy was so high (5.4.2). 

5.4,3ç) Presenting: The rates at which females presented were indep-

endent of their dominance rank (Table 5. IXa) except possibly among 

cycling females (Pig. 5.3a). High ranking males received more 

presents (Table 5.IXb), again in part because subadults received 

less but also because higher ranking adults received more (p <.05). 

The four female classes did not present most to the same adults: 

Kendall coefficient of concordance comparing the eight adults' rank-

orders for presents received from each class yields W=0.45, 

con. obs. 0.40, p) .1. Therefore the high rates to high-ranking 

adults were mainly due to the cycling females (p <.05), and possibly 

the pregnant ones, (as evident in Fig. 5.2). 

5.4.3d) Mounting between classes: Rates of mounting with partners 

other than adults of the same sex are compared with dominance rank 

in Tables 5.X and 5-XI.  There was no relation between them except 

that high ranking adult males mounted females more (p <.05). The 

adults' rank-order for mounting was not the same to all female classes 

(Kendall W, as above, 0.28, corr. obs. 0.27,  p)  .3), and their overall 

result seems determined primarily by their mounting of cycling and 

pregnant females (Pig. 5.2). 	In contrast, subadults of lower rank 

tended to mount females more, especially cycling females. 

5.4.4 Mounting and dominance-rank differences 

The mean dyadic rates of mounting at each rank-difference were 

calculated within each sex, uprank and downrank separately, and 

analysed as in 2.XIII c). Among females, mounting tended to become 

less frequent at more distant ranks (Pig. 5.4a: r5  .566, n 14, p<.05), 

not apparently because they mounted partners within two rank places, 

but all first partners were within seven places of rank (Table 5.XII: 

Fig. 5.4b). Females! mounts uprank were too few to analyse. 

Among males, however, there was no relation between rank-difference 

and mount rates (chapter 6.8.5). 	In both sexes, mounting was most 

frequent to partners five rank places away, due to two pairs within 

each sex and presumably a chance result. 
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Table 5.IX 	Dominance rank and presenting by females 

Spearman rank correlation coefficients between subjects rank-orders 

for rates of presents given or received compared with their dominance 

ranks. 	Coefficients derived from scores corrected for observability, 

in brackets; ( = ) if unchanged. 	*p  605 	3p <.01; 

d means insufficient data. 

(a) Females present 

to males 	 to iinmatures 

Female subjects (n) 

All (18) 

Cycling (5) 

Pregnant (4) 
Mothers (a) 
Lactating (7) 

.029 (-.007) 	 .031 (-.107) 

-.900 (_1.000)* 	 d. 

.-.400(=) 	 d. 

d. 	 d. 

.536(=) 	 d. 

(b) Males receive presents 

from: 

All females Classes 

Cycling Pregnant Mothers Lactating 

Male subjects (n) 

All males (12) 

Adults (a) 

Subadults (4) 

.778 
(.776)** 

	

.810* 	.738* 	.738* 	d. 	.476 
(.833)* 	(.762)* (.667)'' 	 (.405) 

	

-.633 	d. 	d. 	 d. 	d. 
(-.800) 
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Table 5.X 	Dominance rank and mounts between the sexes 

Spearman rank correlation coefficients between subjects 1  rank order 

for rates of mounting given or received compared with dominance rank. 

Coefficients with observability corrections in brackets. 

( = ) if unchanged; d = insufficient data; 	<.05, p <. 01 

Males mount females 

Recipients 

All females Classes: 

Mounters 	 Cycling Pregnant Mothers Lactating 

All males (12).448 
(.497) 

Adults (a) 	.714* 	.571 	.180 	-.195 	.024 
(.857)* 	(.691) 	( = ) 	(-.317) 	( = ) 

Subadults (4) 	-1.000 	-1.000 	d. 	d. 	d. 
(=) 	(=) 

Females receive mounts from males 

rs  corr. obs. 

Subjects: 	All females (is) -.127 (-.133) 

Cycling () .000 (.ioo) 

Pregnant (4) .200 ( = ) 

Mothers (a) -.587 (—.595) 

Lactating (7) -.107 (-.179) 
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Table 5.XI 	Adultst dominance rank and rates of mounting 

with immature s 

Spearman rank correlation coefficients, presented as in the preceding 

tables, between subjects' dominance ranks and their ranks for rates 

of interaction with immature partners 

Subjects (n) 

All males (12) 

All females (18) 

Females: Cycling (5) 

Pregnant (4) 
Mothers (a) 
Lactating (7) 

Mount immature- 
Receive mounts  from immatures 

.026 (.138) -.175 (-.108) 

.050 (.065) .179 (.106) 

.616 (.308) -.900 (-.700) 

d. .200 (-.400) 

a. .100 (.000) 

d. -.018 (.071) 

Table 5 .XII 	Dominance rank-difference and mounts between 

females 

The number of first partners within two and within seven places of 

rank compared with that expected from partner availability 

Rank-places 

1-2 : 3+ 	 1-7 	8+ 

Obs: 	4 	8 	 12 	0 

2.26 9.74 	7.08 4.92 

binomial prob: 	.260 	.002 
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PART 5. QUALITY OF INTERACTIONS 

5.5.1 	Response to presents 

For those 210 presents for which the males' response could be seen, 

females were greeted in 40.5%, inspected in 30.0% and mounted in 11.9%: 

only 1.49A led to intromitted mounts, and as many as 17.6% received 
negative response. Pig. 5.5 shows that adult males responded in the 

SAM e way to pregnant females, mothers, and lactating females, but that 

these pooled responses differed from those to cycling females 

(x.2  11.06, d.f. 3, p t.02), chiefly in that the latter received fewer 
greetings and more negative responses, especially by males looking away. 

The male classes' pooled responses are shown in Table 5.XIII: 

there was some heterogeneity within classes, but in general adult 

males showed fewest mounts and more negative response, and newcomers 

locked away the most. 

5.5.2 Quality of mountings 

a) There were insufficient data to separate the data from each individual, 

but Table 5.XIV compares the quality of mounts between different classes 

of partner. Chi-square tests revealed significant differences between 

classes in terms of (a) the proportion of all mounts (including half- 

and attempt-mounts) in which the full mounted position was attained, 

and (b) the proportions of these full mounts with and without pelvic 

thrusting (definitions: Appendix I: xvi). 
Mounts between males were usually full mounts, and thrusting 

occurred in about half of them. Mounts by females were usually full 

mounts, but females seldom thrusted. - When males or immatures mounted 

females, they were less likely to attain full mounts, but when they did 

so thrusting was frequent. 

5.5.2b) Quality of mounts within sex: The data gave no indication that 

the likelihood of attaining full mounts, or of thrusting, was affected 

by reproductive state among females nor by dominance or class-differences 

among males. 

5.5.2c) Mounts upon females: All classes attained proportionately fewer 

full mounts upon cycling females than upon other females (Table 5.XVa), 

apparently because cycling females avoided more (described below). 

Adult males showed proportionately less thrusting on non-cycling 

females (p <.01 . Table 5.XVb). 
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Table 5.XIII 	Responses to females' presents 

by different subsets of partners. The percent scores compared: 

that in brackets is the minimum percent in which the male looked 

away. Immatures include both sexes. 

Newcomers (2) 

Resident adults (6) 

Subadults (4) 
Immatures (40) 

Responses 

Negative Greets 
(Looks away) rear 

24 	(21) 42 

16 	(9) 46 

10 	- 20 

0 	- 13 

Inspects Mounts Total. 

30 5 82 

27 11 102 

30 40 10 

50 37 16 

Table 5.XIV 	Differences in the quality of unintromitted mounts 

between various classes. On the left is shown the percent of all 

mounts (including half- and attempt-mounts) which were full mounts. 

On the right is shown the percent of those full mounts in which 

pelvic thrusting was seen. 

X 
2  in each case compares the proportions of the two types of mount. 

% full N % thrust N 

Partners: 

Male to male 95.4 65 56.5 62 

Male to female 74.5 196 62.3 146 

Female to female 92.0 50 8.7 46 

Female to young 92.3 13 0 12 

Young to female 75.9 141 71.0 107 

20.71 2 68.90 

p <.001 p <.001 
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Table 5.XV 	Quality of mounts 

Mounts given to cycling females compared with mounts to other 

females: for (.) the proportion of the total which were full 

mounts, and (b) the proportion of the full mounts which included 

pelvic thrusting, as in Table 5.XIV. 

(a) Percent which were full mounts 

Recipients 

Cycling females 

Mounters N 

Adult males 67.4 (86) 

Subad.ults 61.5 (26) 

Immatures 69.6 (102) 

Non-cycling females 

YO N 

88.5 (61) 7.62 <.01 

94.7 (19) 4,87 605 

92.3 (39) 6.75 601 

(b) Percent full mounts including thrusting 

Cycling females Non-cycling females 

Mounters N YO N 

Adult males 72.4 (58) 40.7 (54) 10.20 

Subadult males 81.3 (16) 77.7 (18) no test 

Immatures 73.2 (71) 66.7 (36) no test 

<.01 

143 



5.5.2d) Females' avoidance of mounts: Females would sometimes move out 

from under a male mounter, usually before (but sometimes after) he had 

attained the full mount position. 	(This avoidance of mounting is 

distinct from agonistic avoidance and from the locomotory response to 

intromitted mounts, defined in Appendix I: (vi and (XII.c) respectively). 

Table 5.XVI shows that cycling females avoided a higher proportion of 

mounts--than did other females (x 2  12.18, d.f. 1, p<.00 1 ), a tendency 

apparent with all classes of mounter. Non-cycling females also avoided 

adult males' mounts comparatively often. The fact that cycling females 

avoided adults and subadults more was probably because these males 

mounted so much at full swelling (including with intromission) that 

avoidance increased also (7.5.3c). 	Cycling females' avoidance was the 

cause of 32/ of the incomplete mounts by adult and subadult males, but 

only 22.5% of those by immatures. 

5.5.2e) Wrongly oriented mounts: The mounts of adult and subadult males 

were all correctly oriented from the rear (Table 5.XVii), but females 

and especially immatures tended to mount at other angles. 

5.5.2f) The timing of mounts between females: Mounts between females 

tended to be clumped in time, in that some days were characterised by 

frequent female mounting. Althou&asuch mounts were seen on average 

only once in every seven hours, yet nearly 185/6 of them took place in 

four periods of under 30 minutes (n=62). This appeared to be because 

a participant in the mounting would then give or receive mounts with 

another, and heterosexual mounts were sometimes involved as well. 

In the longer tern the incidence of such mounting was associated with 

mating. When the average rate of intromitted mounts was calculated 

over the 83 days of observations, 29 days had rates above average, 

and were designated mating-days. Of the 62 mounts between females, 

35 occurred on mating days, which is a significantly higher proportion 

than the expected (21.7 mounts) had they occurred at random over all 

study days (t2  12.54, d.f. 1, p <.00i). 	Female-female mounting was 

therefore related to mating in some way. However, 21% of such mounts, 

including some clumped in time, occurred on days when no mating was 

seen at all, so that other factors were also involved. 
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Table 5.XVI 	Avoidance of mounts 

The proportion of mounts by adult and subadult males, and by 

matures that were avoided by cycling and non-cycling females. 

Motintee $ 

Cycling females Non-cycling females 

% avoid N % avoid N 

Mounters 

Adult males 35.4 96 19.1 68 

Subadult males 39.3 28 0.0 21 

Immatures 15.5 103 2.4 42 

Overall 26.9 227 10.7 131 

Table 5.XVII 	Wrongly oriented mounts 

The percent of full mounts by each class which were wrongly oriented 

Mounter: Adult male Subadult male Female Immature 

Total: 191 50 72 124 

%scong: 00/6 0% 4.3% 14.59/6 
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PART 6. DYADIC RELATIONS 

5.6.1 	Interactions between males 

Mounting between males is further examined in Chapter 6. There 

is little to add to the individual differences apparent in Pig. 5.1a, 

except that A3 was responsible for all the conspicuous dyadic 

partnerships: he mounted most A7, then A5, then A4, that is, the 

other focal males. A7 and S2 tended to mount higher rankers. 

5.6.2 Interactions between females 

Mounting was seen in 22.89/6 of all pairs of females (n171). Three 

females gave 53% of the 62 mounts, namely P12, P8, and P5. Three 

females received 459/6 of all mounts, and all cycled during the study; 

P17, P13, and P5. Neither of the two most frequent mounting pairs 

was ever seen grooming together. P12 and P17 seldom associated, and 

P12 mounted P17 mainly at the end of the study when she was a mother 

and P17 was cycling. BB and P13 became more frequent associates alter 

the latter resumed cycling, which was when mounting occurred. 

5.6.3 Interactions between the sexes 

Rates at which cycling females presented to particular males are 

shown in Pig. 5.6. The pattern illustrates how females presented 

more to high ranking adults than to subadults or to older adults A6, 

A7 and AS. 	Three females presented most to Al, namely P1, P5, and P7. 

There were no other conspicuous partnerships between the sexes except 

that P9 presented to A2. 

In Fig. 5.7 is shown the comparable pattern for males' mounting. 

This contrasts from presenting in that the high-ranking adults were 

less obviously involved (although their mount rates were still high), 

while the subadults were more so. Two pairs were one anothers' 

first partners on both measures, namely Al and P7, and A5 and P13, 

although all of their mounts were independent of their presents. 

Otherwise the pattern corresponds only from Al to P5 and P13. The sick 

female P11 received few mounts despite presenting to several males. 
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PART 7. OVERVIEW AND DISCUSSION 

5.7.1 Contexts of sociosexual behaviours 

Most presents by non-cycling females appeared simply to be 

affiliative, with an element of appeasement or deference as character-

ised elsewhere (Hanby, 1976; Seyfarth, 1976). Presenting was never 

seen to be used to inhibit an aggressor (reported by Zuckenan, 1932; 

Hall, 1962; 	Lorenz, 1966, p.117; but not by Rowell, 1967a, nor 

Stoltz and Saayman, 1970), although it was seen as a response to an 

assertive approach. Presenting during 'protected threat' (Kummer, 

1967) was only once seen. On another occasion a male under threat 

from a dominant was seen to evade it by presenting to a male of even 

higher rank. 

The tendency for mounting to occur dot.mrank in both sexes suggests 

that it may be assertive or agonistic. However a large number of 

mounts, including between the sexes, occurred in relaxed contexts and 

sometimes preceded grooming. At other times they occurred during 

social excitement (also in Bertrand, 1969;  Hanby,  1974b;  Hall and 

DeVore, 1965):  thus mounting was on occasion associated with 

aggression, aggressive alliance (as in Massey, 1977)  and possessiveness 

(see also Ch-7). 	It appeared to function to achieve non-aggressive 

contact, sometimes to reassure, sometimes to establish a bond between 

two animals with respect to others. 

5.7.2 Sex-differences 

Males mounted more often than did females, and this was partly 

because they mounted all classes while females did not mount males, 

but also because males mounted one another more than females mounted 

one another. The fact that males mounted males about as often as they 

mounted females (also Howell, 1967b) may not be true of other troops: 

the rate of male-male mounting is reportedly higher if male dominance 

relations are unstable (Hall and DeVore, 1965): and the rate of male-

female mounting probably depends on the number of cycling females 

present, since males' highest mount-rates were with that class. 

5.7.3 	Class-differences 

5.7.3a) Mounting between males: Most mounts between males were from 

dominant to subordinate (i.e. 749/6), the highest rates being downrank 
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among adults. Mounting by dominants has been reported in baboons 

(Evans, 1974; Sugawara, 1979), and other genera (Carpenter, 1942b; 

Jay, 1965), and the proportion downrank was close to that of agonistic 

mounts among male macaques, 73%, found by Hanby (1974b). This pattern 

accords with that of agonistic behaviours described in Chapter 6; 

and male-male mounts often appeared tense, once causing the mountee 

to turn and attack the mounter, or more often to show redirected 

aggression to an animal nearby. Although such mounts seemed assertive, 

they were not more frequent at close rank. The pattern was much 

determined by A3: the fact that his frequent mounting was concentrated 

on the other three focal males coincides with the distribution of his 

solo aggression. 

5.7.3b) Mounting between females: Females mount one another in a number 

of primate species (Bernstein, 1970), perhaps more in captivity (Kummer 

and Kurt, 1965: also Akers and Conaway, 1979,  cf. Lindburg, 1 97 1 ). 

The high proportion of such mounts which were downrank at Ruaha, 89 0/6, 

is almost exactly that found for yellow baboons at Mikumi (87% of 56 

mounts; K. Rasmussen pers. comm.), and a similar tendency is found 

in captive baboons (Brsmblett, 1978; Stammbach, 1978), macaques 

(Hinde and Howell, 1962) and in lthngurs (fray, 1977). 	The fact that 

they were more often downrank than among males is also characteristic 

of agonistic behaviours (Chapter 6), and again suggests an agonistic 

component to mounting. Some mounts occurred with supplanting or 

aggression; although they might have represented reassurance rather 

than antagonism. However most mounts appeared more relaxed than 

those, between males, sometimes grading into embraces which are a form 

of greeting. It is not clear whether the tendency to mount partners 

closer in dominance rank reflected intensity of competition or affiliation 

between closer rankers. The two pairs who mounted most did not share 

strong afliliative bonds, in contrast to those observed by Hinde and 

Howell (1962) 0  Chevalier-Skolnikoff (1976) and Akers and Conaway (1979). 

Mounting between females is often linked with oestrus (Carpenter, 

1942b; Kummer, 1968, p.40; Hrdy, 1977),  but the fact that cycling 

females here received, rather than gave, more mounts contrasts with 

the findings of Bopp (1953),  Bolwig (1959) and Maxim and Buettner-Janusch 

(1963). The concentration of such mounts on days when mating was 

frequent was also suggested by Maxim and Buettner-Janusch  

Female macaques mount and consort together in the breeding season 
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(Carpenter ibid.; Fedigan and Gou2ouJ.es, 1978) and females who are not 

in oestrus may mount more when others are (Chevalier-Skolnikoff, 1976), 

also in patas monkeys (Rowell and Rartwell, 1978). The high rate of 

female mounts at Ruaha (discussed below) was therefore partly due to 

the increased mating activity as females resumed cycling at the start 

of the wet season. The fact that mounts were often clumped in time, 

and were more frequent when mating was frequent, suggests social 

facilitation (Rowell and Hartwell, ibid.): and the fact that more 

mounts were on cycling females suggests the influence of sexual 

attractiveness or motivation. 

The rate of mounts between females was higher than reported else-

where. In chacma baboons they are reported as occasional (Boiwig, 

1959) or not mentioned at all (Saayinan, 1970; Seyfarth, 1976). 

Among olive baboons, they were not seen at Ishasha (Rowell, 1 967b), 
and observers at Gombe saw them rarely (Ransom, 1971; Nash, 1974; 

pers. obs.) or not at all (Owens, 1 976 ). Ransom's data suggest a 

rate of about 0.07 mounts per female per hundred hours, considerably 

less than the comparable subject-rate of 0.78 in this study. It is 

not clear why this difference exists. The high rate may have been 

due to competition: because most mounts were downrank, even the most 

relaxed of them were likely to reaffirm dominance relations. Feeding 

competition was more intense at Ruaha than at Gombe (Oliver and Lee, 

1978), suggesting greater advantage of asserting dominance at Ruaha, 

even though females' ranks may not be very changeable (Hausfater, 

1975). Alternatively, they may have been in competition over access 

to adult males: a number of mounts occurred during such competition, 

mostly from mothers to cycling females, the two classes who were most 

often near males. 

Whether these mounts were sexual, competitive, or affiliative, there 

are three ways in which the difference in mount-rate between this and 

other troops may have arisen. First, mounting might be a direct response 

to local conditions: for example, feeding competition might encourage 

assertive mounting. Secondly, it might represent a difference of 

tradition: for example, Bertrand (1969) found that female-female 

mounting arose in only one of her six groups of captive macaques, and 

it spread within that group from the high-ranking females. This is 

supported at Ruaha by the marked individual differences in mount-rate 

(also noted by Hanby and Brown, 1974). 	Stephenson (1973) also found 
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that macaque troops differed in the frequency and patterning of mounting 

by females. 

Thirdly, it may be an inherited difference in behaviour. It is 

infrequent in chacma baboons (refs. above) and olive baboons (refs. above; 

and at Gilgil, B.B. Smuts, pers. comm.), in contrast to its comparative 

frequency in yellow baboons at Ruaha and Mikii (K.. Rasmussen, pers. 

comm.): and it was seen by Maxim and Buettner-Janusch (1963) at Darajani 

(also yellow baboons, Maples and McKern, 1 967). 

5.7.3c) Sociosexual interaction between the sexes: The distribution of 

presenting and mounting between the male and female classes were very 

similar, and coincided in most respects with those of grooming. Their 

patterns were also much as reported elsewhere, in that cycling females 

gave most presents (Hall and DeVore, 1965; Howell, 1967a;  Saayman, 

1970; Seyfarth, 1978a) and received most mounts (Howell, ibid.; 

Saayman, ibid.; Owens, 1976), not only with mature males but also with 

immature partners. Mothers presented least (also Saayman, 1971b; 

Seyfarth, 1978b), and were mounted seldom. As with grooming, the 

higher-ranking (and probably older) subadults interacted less with 

females: the oldest received no presents at all. This is probably a 

result both of female preferences, and subadult males becoming peripheral 

with age. Among adults, the higher rankers interacted most with females: 

as with grooming, this probably reflects both male competitive ability 

and female preference (see below). The fact that sociosexual behaviours 

less often involved non-cycling females suggests that the sexual component 

of such interaction between male and female is quite high, although 

both behaviours were obviously part of the general currency of inter-

action. Thus A2 showed frequent interaction with P9, as he did in 

grooming. However in contrast with grooming, A7 interacted little with 

mothers, nor did A6 with females PlO and P12. 

It was conspicuous that so few presents elicited mounting: in 

Chapters 7 and 8 it is proposed that they function to solicit male 

possessiveness more than copulation. The males' responsiveness to 

presents (ao%), was greater than reported by Hall (1962),  45.6%; 

Howell (1967a), 56-77%; or Seyfarth (1978a), 12-38%; chiefly in that 

greeting and inspecting were more frequent. 

Although two studies found that females 2  reproductive state had 

little effect on the males' response to presents (Hall, 1962; Howell, 1 967a), 

yet both Saayman (1970) and Seyfarth (1978a)  found that males responded 
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to cycling females with proportionately more mounting. The effect of 

reproductive state at Ruaha was not so much upon mounting as that 

cycling females were greeted less, inspected more, and received more 

negative responses. This last has been noted for mangabeys at full 

swelling (Chalmers and Howell, 1971), and for female macaques in 

the breeding season (Hanby and Brown, 1974).  The possibility that 

their present-rates were too high to sustain the males' interest is 

countered by the higher proportion of inspects they received. In 

part, the lesser response was because cycling females were presenting 

more to males who responded less - the prime-age and newcomer adults. 

The fact that much of these males response included looking away 

suggests that they may have been inhibited from responding, perhaps by 

the presence of other males nearby. Both Bosse (1975) and Dunbar and 

Dunbar (1975) describe males ignoring presents from females who were 

members of other males' subgroups or units; which is particularly 

relevant here because the newcomers looked away most. 

It is not clear why cycling females avoided a higher proportion 

of their mounts. This may be an endogenous feature of the behaviour 

of cycling females, but it may also be that females will not tolerate 

being mounted very often. Their avoidance was sufficient to cause a 

large number of mounts by adult and subadult males to be incomplete. 

Females avoided the mounts of inunatures rather less, as reported by 

Howell (1967a),  but cycling females still avoided most. 

Whether cycling females' presenting solicits copulation or 

consortship, it is thought to express choice of mates (Saayman, 1970; 

Seyfarth, 1978a; Packer, 1979a). Apart from favouring adults over.  

subadults (also Howell, 1967a; Saayman, ibid.; Packer,  

cycling females appeared to prefer high ranking adults (as in Seyfarth, 

ibid.; but cf. Saayman, 1971b), especially the cc-male. 	This male 

was also a newcomer, and a number of studies suggest that females 

willingly present to unfamiliar males (Nash, 1976;  for oestrus females, 

Cheney and Seyfarth, 1977; Packer, ibid.), although the fact that they 

presented to newcomer A2 so much less suggests that dominance rank was 

more important. 	These statements about 'preference' are conditional 

on the fact that a number of presents occurred in response to the 

approach of a male (also in Packer, 1979a),  and so may have been 

'initiated' by the male, but the proportion was not recorded. 
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5.7.4 Interactions between adults and immatures 

The behaviour of immatures was characterised firstly by the number 

of wrongly oriented mounts, suggesting that they must learn how to 

mount (Owens, 1976). Also they were more responsive to presents 

(also Rowell, 1967a; Saayman, 1970), notably by inspecting which 

suggests the importance of olfactory cues. 
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Agonistic Behaviour, and Dominance 

1. 

6.1.1 	The term 'agonistic' refers here to specific interactions 

involving conflict between animals with and without aggression (Scott 

and Fredericson, 1951). This chapter describes the distribution of 

such interactions, and analyses the pattern of dominance relationships 

between the subjects of this study. 

Baboons are often described as aggressive animals (Jolly, 1972), 

and this has been linked perhaps unjustifiably to their necessity for 

defence against predators (e.g. Hall, 1964).  The conspicuous aggressive-

ness of the large males led Hall and DeVore in 1965  to conclude that 

baboon society was organised around the dominance hierarchy of the adult 

males (also Zuckerman, 1932), a view which is no longer tenable (i.t ). 

At that time there was already much confusion about dominance and its 

relation to other behaviours and Gartlan (1964) questioned whether 

hierarchies existed in the wild at afl. He proposed that they occurred 

in captivity as a response to stress, and that behaviour in the wild was 

better analysed in tents of roles (Gartlan, 1968). Hierarchies certainly 

exist in captivity (Bernstein, 1970), and they affect the expression of 

agonistic behaviours. The patterning of such behaviours led Rowell 

(1966b and esp. 1974) to conclude first that hierarchies are a response 

to stress and secondly that they are maintained by the behaviour of 

subordinate animals rather than dominants. The confusion has been 

resolved by three authors. Deag (1977) showed conclusively that agonistic 

hierarchies occur in the wild and that they are produced by the behaviour 

of both dominants and subordinates. Hinde (1978) and Wade (1978) stressed 

the importance of distinguishing between the relationships of pairs of 

animals, in tens of the asymmetry in behaviour between dominant and 

subordinate partners, and the patterning of such relationships, which 

may or may not constitute a hierarchy. linde (ibid.) also emphasised 

that there is no I priori link between an animalts  dominance and its 

performance of particular roles in the group, since the two differ 

conceptually. Finally, the application of game theory to agonistic 

behaviours has allowed prediction of their outcomes in tens of costs 
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and benefits to antagonists (Maynard .Smith & Parker, 1976). The 

relevance of such theory to primates has been discussed by Clutton-

Brook and Harvey (1976) and Popp and DeVore (1979),  although tests of 

their predictions on behavioural data have not been many (e.g. Packer, 

1977a, Appendix B). Game theory identifies the selective advantage in 

particular patterns of behaviour, but does not explain the details of 

their evolution or control. 

The following analysis concentrates first on identifying the 

dominance relationships of all subjects. Dominance is important to 

the individual because rank-differences have been shown to reflect a 

number of social differences such as attractiveness (Seyfarth,. 1976), and 

mothering style (Altmann, 1980) and a number of longer-tern variables 

such as female reproductive success (e.g. Drickazuer, 1974b; Dittus, 1979), 

sex of offspring (Altmann, 1980), mortality rates (Dittus ibid.), mating 

success in males (Chapter 8), and feeding-efficiency (Dittus ibid; 

Post at al., 1980). 

Thereafter are analysed the effects of dominance rank on rates of 

behaviour, both agonistic (in this chapter) and affiliative (Chapters 

4 & 5). Finally, specific topics including alliances, agonistic 

buffering, and relations between males, are discussed in detail. 

2. BEHAVIOURS : ANALYSES : CONTEXTS 

6.2.1 	The observation-methods have already been described (2.x) 

and the behaviours discussed here are more fully defined in Appendix lB 

(vi-x). The main analyses are of avoidance, supplanting, and aggression. 

Avoidance was recorded whenever one animal moved out of the line of 

travel of another before the latter approached within arm's reach. 

So defined it probably includes some apparent avoidances which were 

merely fortuitous movements of both animals: otherwise responsibility 

could be assigned to the avoid, or to both partners. Supplants were 

recorded when one animal approached another within an's reach and the 

latter left almost immediately, but without exchange of threat. Very 

few of these are likely to have been fortuitous, because these inter-

actions require purposive approach by one and departure by the other. 

In tens of the direction of approach-retreat interactions (Rowell, 

1966b) a supplant given parallels an avoidance received, which explains 

why the tens given and received are transposed between these behaviours 
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in the data tables (e.g. Table 6.V). 

Aggression was recorded whenever one pnitn1 gave threat, chase, 

or contact aggression to another. An analysis of the intensity of 

aggression has been made but will be presented elsewhere. Aggression 

often occurred in prolonged exchanges of gestures, as in the 'bouts' 

of Hausfater (1975). Such exchanges were recorded here as separate 

interactions if: (i) there was a break in continuity of all aggressive 

gestures (Owens, 1975,  used a break of one second as criterion); 

(ii) the direction of aggression was reversed: thus A chased B, then 

B chased A, comprised two interactions; and (iii) an ally joined in: 

thus A threatened C, then A and B threatened C, were recorded as one 

dyadic and one triadic interaction. Unlike Hausfater (1975) the 

outcome was not judged at the time except as implied by the direction 

of the behaviour: thus "counterchases" (in which the chaser shows 

gestures of fear, e.g. screaming, with tail up) were not distinguished 

from Other chases. These data differ from those of Hausfater in that 

aggression was here quantified as exchanges of actions rather than whole 

bouts, so that interaction rates may appear relatively higher: also 

because interaction outcomes were not judged, proportionately more of 

the aggression in this study may run from subordinate to dominant, 

whereas it would be subsumed under 'counterchaset in his. 

Finally, the method of ad libitum sampling may have relatively 

overestimated the frequency of polyadic aggression because it was more 

conspicuous (Walters, 1980). 

6.2.2 Analysis of interactions 

6.2.2a) Interactions excluded. Particular interactions have been 

retained in or excluded from different analyses depending on the question 

being asked. Previous studies, and qualitative observations during this 

study, suggest that the likelihood one animal will initiate interaction 

with another, and the rate and outcome of such interactions, may be 

affected by three factors: 

Any animal acting in alliance with another may be more likely to win 

an encounter (Kawai, 1958). 

A male may become temporarily dominant over a second male to whom he 

is usually subordinate if the first is (a) in the consort with a female 

(Packer, 1979b; Kummer et al., 1974), or (b) carrying an infant 
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(Packer, 1980). 

Therefore, in detailed analysis of dominance relationships within 

pairs, such interactions are excluded. But in calculation of rates of 

interaction, they are retained. Finally, most analyses of this chapter 

separate dyadic from polyadic (allied) interactions, because only the 

former can reveal the exact relationships between individuals and the 

importance of dominance rank. 

6.2.2b) Analysis of polyadic interactions According to the question 

underlying each analysis, polyadic interactions have been quantified in 

two different ways. In calculation of rates per hour per subject, 

each interactions is considered as one incident: thus A and B threaten 

C amounts to one incident given by each of A and B, and only one received 

by C. 	In contrast, for analysis of dyadic rates, the incident is broken 

down to its constituent dyads, so that the same interaction becomes one 

interaction given by each of A and B, but two received by C; and also 

one interaction of alliance between A and B. 

Cases of redirected aggression, of the type A threatens B who 

threatens C, have been considered in analysis as two dyadic interactions. 

6.2.3 	Contexts 

No attempt was made to classify all agonistic interactions according 

to detailed context, such as whether a supplant had occurred over a 

feeding or nesting site, or from a grooming-partner. Such details were 

not always apparent during ad libitum observation. However, a large 

proportion of supplants, and some low-key aggression, occurred over 

feeding-sites. Supplanting and aggression were also evident in 

competition for social (e.g. grooming) partners, and a large number of 

aggressive incidents represented overt competition between males to gain 

consortship of swollen females (8.3 ). Allied aggression between males 

appeared in some cases to be attempts to generate polyadic aggression 

and then direct it against consort pairs. Some other incidents were 

offshoots of such competition, as when consort and rival male would 

chase a nearby female rather than confront one another; and in some 

cases female aggression to a consort female appeared to be possessiveness 

over access to the male. 	Table 6.1 estimates the contribution of such 

consort-related aggression to overall aggression, comparing the percent 

of all instances which involved animals in consort or were judged directly 

related to the presence of a consort pair. Most consort-related 
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Table 6.1 	Aggression and consortship. The percentage of all 

instances of dyadic and polyadic aggression which were judged to 

be related to the presence of consort pairs ( 6 .2.3). 
(n = no. of instances). 

Dyadic Polyadic 

Donors & recipients (n) Lo Participants (n) 

Male-male (459) 25.5 Males only (112) 42.9 

Female-female (116) 9.5 Females only (6) 16.7 

Male-female ( 283) 8.5 Males and 

Female-male (27) 3.7 females (54) 33.3 

Male-innati.2res (iF)) 10.9 Males and 

Imm.-male (1.7) 0 immatures (is) 0 

Female-imm. (70) 10.0 Females and 

Iimu.-female (s) 7.1 inmatures (56) 7.1 

Males, females 

immatures (13) 7.7 

Not classifiable (26) 11.5 
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aggression was between males, especially in polyadic interaction, and 

it seldom comprised more than 15% of the aggression of other classes. 

Agonistic interactions are here analysed as separate events, but 

they often occurred close together in time and were related in cause 

also. For example, an animal would sometimes respond to being 

supplanted by threatening another nearby. Or an aggressor would be 

thwarted when the victim sheltered close to an adult male, but would 

resume aggression when the male departed. Aggressive interactions 

often became very complex, as the following suuunary from the check 

sheet data illustrates; 

Dec. 24th, 9.04: M adult male moves towards another, who avoids: 

both initiate interaction with black infants. The mother of one 

infant screams at the male, the other male leaves his infant and 

attacks the first male, and is joined in attack by a third. The 

first male redirects aggression at the a-male, and the two original 

males chase the cx, who then shows aggression eight times to four 

of the resident adult males. Two of these withdraw and interact 

with black infants: another male intervenes possessively between 

one of these and the mother-infant pair 

Finally, although aggression often appeared to be very intense, 

with the victims screaming and showing abject fear, yet when it ended 

they would often just walk away with no outward sign of injury nor 

even distress. Very few injuries were seen, mostly on adult males. 

3. DETMThAT ION OF DOMINANCE : HIERARCHY 

6.3.1 	Several studies of wild baboons have detected linear dominance 

hierarchies among adults: notably at tuboseli (Hausfater, 1975), 

Nairobi (Altmann, S. 1965,  ref. Hall & DeVore, 1965), 	Gombe (Owens, 

1975; Moore, 1978; Nowell & Heidrich, 1978;  Packer, 1979b) and in 

South Africa (Seyfarth, 1976). 	Some initial studies did not recognise 

female hierarchies (e.g. Stoltz & Saayman, 1970), but the findings of 

Hausfater, Moore, Owens and Seyfarth (above) all confirm their existence. 

The following section identifies dominance relations within each 

pair of subjects, and examines the patterning of such relationships 

for evidence of hierarchy. The tern dominance is used in a 

restricted sense, referring only to the imbalance of non-aggressive 
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agonistic interaction in any pair, and does not refer to aggressiveness 

nor to the performance of any roles such as leadership, troop-defence, 

or mating activity. It is assumed that such imbalances may reflect 

competitive ability, mediated through size-differences (Lee & Oliver, 

1979) and alliances (Cheney, 1977);  and by kinship, especially among 

females and young (Walters, 1980). Such imbalances may change as 

animals mature and 'age, possibly reflecting reproductive value (Urdy 

& Urdy, 1976; Moore, 1978; Schulman & Chapais, 1980), and the 

relationships at any time probably represent the current state of a 

continuous learning process (Rowell, 1974). 

Several authors suggest that low-intensity approach-retreat inter-

actions provide clearer indications of dominance than do more intense 

aggressive behaviours, (Rowell, 1966b; Lindburg, 1971; Cheney, 1 977; 

Packer, 1979b)  and the outcomes of low-key interactions were certainly 

more predictable during this study. Therefore they were used to assign 

dominance. The use of threat may exaggerate an animals probability of 

attack and so increase its likelihood of winning (Popp & DeVore, 1979). 

Despite this,, a number of authors have relied on overt aggression to 

indicate dominance (e.g. Sade, 1967; . Poirier, 1970),  or have not 

separated low-key and intense interactions (Hausfater, 1975). 

6.3.2 'Avoidance and su-pplants 

Within each dyad was determined the prevailing direction of 

avoidance and supplants, excluding those interactions described in 

6.2L2. Among females, directional data for both behaviours were 

available in 54 of the 171  pairs, but equating A supplants B with B 

avoids A the directions coincided in 53 of them (p  <.001, Sign test). 

Among males, directional data for both behaviours were available in 

49 of the 66 pairs but the directions coincided in 48 of them (p c .001, 

Sign test). ' Therefore, as indicators of asymmetry within each pair, 

the two behaviours were pooled. 

6.3.3 Observed dominance 

In any pair, the dominant was the partner whose total of supplants 

given and avoidances received was the greater. This allowed dominance 

to be assigned in all 66 pairs of males, but in only 143  of the 171 

pairs of females and 187 of the 228 male-female pairs. 
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6.3.4 Probable dominance 

For those pairs of females for whom data were not available, 

Probable dominance was assigned to the female who was observed to be 

dominant to more, or subordinate to fewer, other females, by the method 

just described. Probable dominance was assigned in 26 pairs of females, 

and for those 15 for which J.I. Oliver had obtained data, all had been 

correctly assigned. When these probable dominance relationships were 

known, the remaining two pairs of ambiguous dominance were assigned 

probable dominance by including probable as well as observed pairs in 

their known relationships. 

6.3.5 The pattern of dominance relationships 

Because the male was dominant to the female in all 187 male-female 

pairs for whom data were available, and because males never avoided and 

were only twice supplanted by females, it was inferred that adult and 

subadult males were dominant to all females. 

The directions of dominance for different pairs within each sex 

were highly interdependent. This was shown by testing the prediction 

that if A is dominant to B, and B is dominant to C, then A will be 

dominant to C. Considering only the pairs with observed dominance 

relationships, this prediction was correct in all 220 triads of males 

and 541  triads of females. It was concluded that dominance relation- 

ships were transitive, and so the subjects in each sex were arranged into 

linear hierarchies in which each subject was dominant to all those lower 

down. 	The data are given in Tables 6.11 and 6.111. 

6.3.6 Terminology 

Because a linear hierarchy was found, the definitions of terms 

relating to it may be briefly summarised. The words dominant and 

subordinate refer only to the relationship of a pair of animals, determined 

as above (6.3.3, 6.3.4). 	Behaviours directed from dominant to sub- 

ordinate are referred to as downrank, while those from subordinate to 

dominant are uprank (the latter equivalent to the reversals of other authors). 

The hierarchy is referred to as the dominance hierarchy, and a subject's 

dominance rank is its position in that hierarchy, with for example the 

highest-ranking femaled ranked 1, the lowest 19, so that a positive 

correlation between dominance rank and the rate of any behaviour indicates 

that high-ranking subjects interacted more. The terms higher- and lower- 
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Table 6. 11 	Dominance relations among females. The number of times 

each donor (on left) supplanted or received avoidance from each partner 

(at top). Excludes 22 interactions involving females in consort with 

males. n = 90 avoidances, 355 supplants. 

Females: as avoiders/sulDplantees 

1 2 3 4 5 6  7 8  9 10 11 12 13 14 15 16 17 18 19 

Females: 1 - 4 6 1 3 2 6 4 2 

as 	21-8 	13631 

donors 3 	- 3 	4 3 5 

4 	 -14 	47 

5 	 -23 1 5 

6 	 -545 

7 	 -12 

8 

91 - 

10 

•11 

12 

13 

14 	1 

15 

16 

17 

18 	1 

19 

2 33 2 

3 33311 

2 	1 1 2 11 1 2 	1 

3 4163 1 

222515324 

312274712 

1113 4331 

3311315 

42235534 

- 	 2 3 12 2 2 13 2 

- 2 1 3 2 	2 

-272324 

• -114646 
• 

- 2 2 1 	5 

1-47 1  

-31 

- 	 1 

1 - 

1 

2 

2 

1 

1 

4 

3 
2 

4 

3 
1 

1 

3 

1 

1 

3 
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Table 6. 111 	Dominance relations among males. The number of times 

each male named on the left supplanted or received avoidance from each 

male listed along the top. Excluding 51 interactions by males in 

consort/allied/carrying infants: n = 134 avoidances, 512 supplants. 

Males as avoiders, sulantees 

Al A2 A3 	A4 A5 Si A6 £7 AS 52 S3 54 

Males 	Al - 24 15 	15 23 6 10 5 4 12 9 10 

as 	A2 4 - 5 	3 4 2 5 5 5 811 6 

donors 	A3 1 - 	 22 33 7 12 16 10 11 9 3 

A4 1 1 1 	- 11 8 7 8 9 22 7 7 

A5 1 2 1 - 10 19 25 7 25 22 8 

Si 1 - 3 1 2 16 3 4 

A6 1 1 - 2 6 8 3 5 

£7 1 1 - 4 2 2 1 

AS 1 1 - 10 3. 2 

S2 1 1 1 - 15 12 

53 - 14 

54 1 - 
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ranking refer to relative positions in the hierarchy. 

6.3.7 Rank-direction of agonistic behaviours 

As dominance is usually defined, agonistic behaviour more often is 

given by dominant to subordinate, and submissive behaviour the reverse. 

The rank-direction of agonistic behaviours within each sex are listed in 

Table 6.17 pooling the interactions of all individuals. The distribution 

was compared with 50 : 50 expectation by chi squared, and the generality 

of the trend among all subjects estimated by comparing subjects' dyadic 

mean rates of interaction uprank and downrank by Wilcoxon matched-pairs 

test. 

Although both avoidance and supplant were expected to be predominantly 

dot.mrank because dominance was assigned by these behaviours, yet their 

direction constancy was particularly high in both sexes, a pattern coon 

to nearly all subjects. Among females, both types of aggression were 

predominantly downrank: but taken together they were significantly 

more often uprank than their combined avoidance and supplants (z 2  4.93, 

d.f. 1, p < .o). Among males, solo aggression was predominantly down-

rank although not all males showed this pattern (notably in that A7 

directed more uprani.c). 	In contrast, allied aggression by most males 

was predominantly uprank. Both types of aggression were significantly 

more uprank than were avoidance and supplants (comparing these pooled 

with solo aggression yields X 153.0, with allied aggression 493.6: 

at d.f. 1, p  <.001 for both). 

The sexes did not differ in the distribution of their avoidance 

and supplant (again both pooled, X  3.1, d.f. 1, n.s.). 	However, 

aggression (solo and allied pooled) was significantly more often 

uprank among males than among females (z2  761 d.f. 1, p  <.00i). 

6.3.8 Conclusion 

These data reveal linear hierarchies within each sex, with adult 

and subadult males dominant to adult females, consistent with the 

findings of Hausfater (1975), Owens (1975),  and Packer (1979b). 

Adult males were dominant to subad.uJts, except that the subadult who 

was of full adult size ranked sixth among the adult males. Similar 

high-ranking subadult or natal males are also reported by Packer 

(1979a) and Altmann (1980). 
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Table 6.IV 	Rank-direction of agonistic interactions within each sex. The percentage downrank (i.e. 

by the dominant in each pair) is indicated. Calculated from all dyadic interactions, including animals 

in consort and males carrying infants: allied aggression is broken down into its constituent dyadic 

interactions. Wilcoxon tests examine individual tendencies. 

Male to male 
	 Female to female 

2 
n downrank y p Wilcoxon p n downrank X p Wilcoxon p 

Avoidance 146 93.8 112.2 <.001 T=1, n 10 601 99 98.9 104. 1  <.001 T--1,n 16 <.01 

Supplant 539 97.0 476.9 <.001 T=1, n 10 (.01 370 98.1 342.5 <.001 T=1,n 16 <.01 

0 
C_ri 	 Solo 

459 70.2 74.6 <.001 T--10,n 10 n.e. 116 95.7 96.9 (.001 T--1,n 15 601 
aggression 

Allied 
244 27.9 47.8 <.001 T=5, n 9 605 29 89.7 18.2 <.001 T--2,n 9 2.01 

aggression 



The adult male dominance hierarchy coincided closely with apparent 

age and with seniority. The age-groups of adults, named by their 

dominance rank, ran from young (Al, A2) through prime 43, A4, A5) to 
ageing (s6, Al)  and aged (AS). Thus adult male dominance was correlated 

with apparent age (r5 - .945, n 8, p <.01). Therefore any conclusions 

about adult male dominance rank remain inseparable from the effects of 

age, as suggested by Howell (1974). Further, because the two newcomers 

occupied the highest ranks, any relationship between male dominance rank 

and behaviour may be emphasised or masked if there are behavioural 

contrasts between newcomers and residents. The seniority order among 

the latter was not known. 

The direction constancy of avoidance and supplant was so high that 

they provide clear evidence of asymmetry within pairs. Although the 

nature of the resource disputed is predicted to affect the outcome of 

encounters (Popp & DeVore, 1979),  it cannot have caused many temporary 

reversals in these behaviours. The finding that dominance predipted 

the direction of nearly all agonistic exchange between adult females 

seems general among baboons (also Howell, 1966b; Hausfater, 1975; 

Owens, 1975;  Moore, 1978), and in this case provides strong confirm-

ation that female rank does not change with reproductive state (also 

Howell, 1968 ; Hausfater ibid; Nowell & Heidrich, 1978). However 

the most striking finding was that substantially more aggression 

between males was given uprank, especially in alliance. This result 

differs from that of Hausfater (ibid.) who recorded few decided bouts 

of agonism upraxik. The difference may in part be because any uprank 

aggression accompanied by submissive gestures in his study would have 

been discounted as counterchases, and temporary aggression uprank 

might also have been subsumed within 'bouts' won by the dominant 

(6.2.1). 	However, these caveats cannot apply to allied aggression, 

which in his troop was rare (less than 2 1/6 of all agonistic bouts) and 

not predominantly uprank. The rank-direction here was no doubt in 

part because much aggression was against the newcomers, and inevitably 

uprank because they were the highest rankers. However, there was 

sufficient uprank aggression to resident males, especially in alliance 

(Fig. 6.20) to imply that such behaviour was a feature of this troop, 

and that males were more likely to aggress uprank when in alliance. 
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Hausfater (1975) recorded dominance-changes between adult males 

once every 528 days per adult male pair. If changes had occurred at 

the same rate in this study, four or five would have been seen in the 

2352 adult male pair-days. The data in Table 6.111 suggest that they 

were not so frequent. The reversals between Al and A2 were not 

consistently patterned in time. The most ambiguous relationship was 

between A6 and .A7, and if aggression had been included in dominance 

assignments at least two short-tern changes would have been found for 

this pair. However, there are no grounds for attributing the high 

proportion of uprank aggression to short-tern dominance changes through 

this study. 

4. SEX AND CLASS DIFFERENCES 

6.4.1 	Introduction 

The fact that adult and subaduit males are dominant to females 

suggests that agonistic interaction is not equally likely within and 

between the sexes, and this has been found in several studies. Males 

give agonistic interaction to females more frequently than the reverse 

(Hall, 1962;  Howell,  1967b;  Sa.ayman,  1972). 	Males are often found 

to be more aggressive in general than are females (Saayman fld; 

Bramblett, 1978),  and particularly so to their own sex (Evans, 1974; 

Seyfarth, 1976). While their high rank may give males more 9pport- 

unity 	show aggression, it does not however predict that they should 

be more aggressive to each other. 	Females 2  reproductive state also 

affects their agonistic rates, without altering their dominance rank. 

Thus cycling females reportedly are involved in much aggression 

(Hall jflj.;  Saayman ibid.) while mothers with young infants have to 

avoid others frequently (Howell, 1969b;  Altmann, 1980) although they 

may exchange less aggression (Seyfarth, 1976). The following section 

therefore examines the effect of sex and class upon rates of agonistic 

behaviour. 	 - 

The earlier statement that dominance rank may affect a number of 

long-tern factors such as reproductive rate and mortality (6.1.1) 

depends especially on two factors, feeding efficiency, and stress 

(e.g. Dittus, 1979; Dunbar, 1980a). 	The amount of agonism an animal 
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gives and receives per hour may be related to both of these. The first 

analysis is therefore of the rates at which subjects gave and received 

agonism, per hour, irrespective of the identity of the opponents. 

The behaviour most relevant to feeding efficiency was probably supplanting 

(Oliver & lee, 1978). 

Thereafter, in order to investigate the underlying mechanisms, 

there follows a detailed analysis of the distribution of agonism according 

to class which accounts both for availability of partners and for the 

rank-direction of the behaviour concerned. Thus partner-availability 

within-sex was 509/6  uprank, 50% down, whereas between the sexes it was 

100% downrank for males but 100% uprank for females. As far as possible, 

comparisons have been limited to rates calculated in the same rank-

direction. 

6.4.2 Sex-differences in subjectst rates of behaviour 

Fig. 6.1 shows the rates at which each subject gave and received 

the three types of agonistic behaviour, per hour, as subject-rates with 

all partners. Polyadic interactions were not broken down into 

constituent dyads but included as one incident per participant. 

Comparisons of the mean rates of each sex in Table 6.V show that 

(i) males were avoided more, and gave more supplants and aggression, 

than did females; (ii) the sexes did not differ in how often they 

avoided, or received supplants, but males received more aggression than 

did females: (iii) considering the ratio between each subject's agonism 

given and received, males were proportionately more 'successful' than 

females in all behaviours, especially some males in supplanting and 

being avoided (Fig. 6.1). 

6.4.3 Sex- and class-differences in dyadic rates 

Mean dyadic rates of behaviour within and between sex are compared 

in Tables 6.VI and 6.VII. The former compares rates to all partners 

irrespective of rank-direction: the latter is restricted to comparisons 

in the same rank-direction. The following pattern emerges: 

(i) agonistic interactions were more frequent between males than between 

females, significantly so for all except avoidance. When rates down-

rank only were compared, significant differences were found for all 

behaviours (Table 6.Vii). 



FIG. 6.1 
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Fig. 6.1. The rate at which each subject gave and received agonistic 
interactions. Rates are expressed per hundred hours per subject, and 
so do not account for differences in availability of partners. 
Subjects in order of dominance rank, the highest rankers on the left: 
subadult males cross-hatched, females are C - cycling, P - pregnant, 
N - mothers, L - lactating, the sick female L . Above the x-axes are 
shown the rates of interaction given, below are the rates received, 
except that for avoidance (top) the rate of being avoided is above, 
the rate of avoidlg below. Solo and allied aggression are pooled. 
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Table 6.V 	Rates at which males and females gave and received 

agonistic interaction, with all partners including immatures, 

per 100 hours per subject (means and standard deviations). 

The lower bloc compares the subjects of each sex for the 

number of interactions given as a proportion of the number 

received (but the inverse of this for avoidances). 

Males (12) Females (is) Mann-Whi.tney 
(corn obs.) p 

Behaviours 

Avoids received 7.09 1.81 47 (38) <.02 
(6.82) (1.37) 

Supplants given 22.76 5.20 12 (io) c.oi 
(15.58) (3.71) 

Aggression given 22.77 
(13.26) 

2.48 
(2.10) 

1 (o) <.01 

Avoids given 3.63 
(1.72) 

3.42 
(i.si) 

93 (94) n.s. 

Supplants received 16.75 12.09 84 (96) n.s. 
(13. 08 ) (3.25) 

Aggression received 11.91 5.91 .21 (20) <.01 

(4.90) (2.47) 

Avoidance ratio 2.74 .71 
(3.67) 

Supplant ratio 6.47 .46 
(14.56 ) 

Aggression ratio . 	1.86 .45 
(.) (.) 
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Table 6.VI 	Sex-differences in agonistic rates I. Mean dyadic rates of behaviours per 100 hours; 

with standard deviations in brackets: the behaviours listed on the left. The top row identifies the 

donors and recipients, note that the roles for avoidance are reversedX - thus at top right is the rate 

at which females avoided males. Probabilities: < .05, 	< .01, 	HHE <.001, estimated by Wilcoxon (T) 

and Mann-Whitney (ij) tests: 	if the results of tests repeated on scores corrected for observability 

differed from the uncorrected scores, these are given in brackets. - 

Donor  
recipient 

Female- Female- Male- Male- 

male T female U male P female 
(1412.18) (n,12) 

Behaviours 

Avoidance 	x 
ad. 

0 .06 
(.os) 

.29 
(.32) 

.22 
(.25) 

test 0.n,17 65.5(59.5) 26(24) 

Supplant 	x .00 .26 1.00 .57 
ad. (.oi) (.is) (.90) (.34) 
test 0.n,17 45(44) 13(12) 

Solo 	X .03 .08 .84 .30 
aggression 	ad. (.03) (.07) (.66) (.18) 

test 23.n,17 14(13) 6(6)** 

Allied 	x .03 .02 .44 .06 
aggression 	ad. (.03) (.02) (.49) (.03) 

test 35(36) 17(18)** 6(6)M-* 
n,15 



.13 .43 .22 
(.08) (.32) (.25) 

35.5* 6* 

.49 1.94 .57 
(.99) 

10(4)** o** 

.15 .98 .30 
(.io) (.63) (.18) 

14(11)** o 

.04 .25 .06 
(.05) (.23) (.03) 

23 	 4** 

Table 6.VII 	Sex differences in agonistic rates II. Comparison of rates in the same rank-direction. 

Layout as in Table 6.VI. 

Uprank 	 Downran.k 

	

Female- 	 Male- 	 Male- 

	

female 	U 	male 	T 	female 
(n11,17) 	 (n=11) 

Female- 	 Female- 
male 	T 	female 

Behaviours 

Avoidance i 0 .00 
ad. (.00) 
test 

Supplant x .00 .02 
ad. (.oi) (.05) 

N.) test 8 
n,8 

Solo x .03 .01 
aggression sd. (.03) (.oi) 

test 12(14)* 
n,14 

Allied x .03 .00 
aggression ad. (.03) (.01) 

test 1 
n,12 



males tended to direct more agonistic behaviour at their own sex 

than at females, significantly so for overall rates of solo and 

allied aggression and for all four behaviours downrank. 

females were never avoided by males in dyadic interaction, and 

rarely supplanted them. This agrees with the rarity of agonism uprank 

within their own sex. However, they did show aggression to males: 

albeit significantly less in solo aggression than they gave to females, 

but in allied aggression they gave equally to both. Furthermore, 

their rates of aggression to males (inevitably upranic) were significantly 

greater than their rates upranic to other females (Table 6.VII). 

In summary, these results are as expected from the dominance 

difference of the sexes, to the extent that males gave all types of 

agonism to females, but females gave very little to males. However, 

agonistic interactions were more frequent between males than between 

females or between the sexes: and females gave more uprank aggression 

to males than to their own sex. 

6.4.4 Class-differences in dyadic rates 

Most class-rates were compared only downrank, except in the cases 

where uprank rates were also sufficient. When the data had been 

partitioned in this way, sample-sizes became too small to analyse in 

tens of the class both of subjects and interaction-partners, so that 

in all cases the partner-classes have been combined. 

6.4.4a) Agonism between males The rates of behaviour of adult and 

subadult males are compared in Table 6.VIII. Adults tended to give 

more agonistic behaviour than did subadults, in that the subadultst 

rates were generally below those of the median adult, but this was 

significant only in solo aggression uprank. However, subadults showed 

higher rates of supplanting, apparently because they supplanted one 

another very often (2.77 per 100 hrs. ± 0.13). 	Similarly, adults 
tended to receive more agonism than did subadults, but the latter 

were only below median adult rate for avoidance and solo aggression 

downrank, and no differences were significant. Examination of class 

mean rates showed that for all behaviours interactions were more 

frequent within-class than between. 
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Table 6.VIII 	Agonistic interactions of adult and subadult 

males compared. Dyadic mean rates per 100 hours. Standard 

deviations in brackets, calculated downrank only unless indicated 

otherwise. Legend as in Table 6.VI. Note that the roles of 

giver/receiver are the inverse of those indicated for avoidance. 

Male subjects Given Received 

Adult Subadui.t Adult Subadult 
(n.3,8) (n.4,7) 

Behaviours 

Avoidance j .49 .30 .90 .41 
sd. (.37) (.06) (.43) (.16) 
test 10(9) 3(4) 

Supplant x 1.76 2.41 2.42 1.98 
sd. (1.06) (.70) (1.14) (.79) 
test 6(7) io(ii) 

Solo R 1.06 .79 1.93 .74 
aggression sd. (.72) (.o) (1.40) (.30) 
(downrank) test 9(10) 6(4) 

(uprank) i .89 .18 .49 .31 
sd. (.70) (.21) (.28) (.32) 
test 3* 8(6) 

n.4,7 

Allied j .28 .16 .32 .18 
aggression sd. (.27) (.06) (.30) (.14) 
(downrariic) test io(ii) 12 

(uprank) i 1.45 .17 .50 .40 
ad. (1.61) (.12) (.58) (.24) 
test 5(5) 11(9) 

n.4,7 
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6.4.4b) Agonism between females The rates at which female class-members 

exchanged agonistic interaction with other females, downrank, are 

compared in Table 6.IX. Data on allied aggression were insufficient 

for statistical test. Reproductive state did not significantly affect 

rates of behaviour given, but it did affect the rate at which females 

were supplanted. The chief contrast was that pregnant females were 

supplanted least, while mothers were supplanted very often. In detail, 

all female classes supplanted mothers most and pregnant females least. 

Also six of the seven uprank supplants among females were to mothers. 

Despite the paucity of significant class-differences, the mean rates in 

Table 6.IX are patterned (in agonism given,x 7.8, p .04; received, 

x 2  6.3, p . 09), in that cycling females tended to give and receive at 
r 

high rates (except supplants received), while mothers gave and pregnant 

females received at relatively low rates. 

6.4.4c) Male agonism to female Adult males tended to give more of all 

four agonistic behaviours to females than did subadults, but not 

significantly in any case (Table 6.X). Again .this was because sub-

adultst rates were near or below median adult rate, while some adults 

showed markedly high rates. The table also shows that adults interacted 

at random across the female classes, except in their supplanting which 

was directed especially to cycling females. However, the mean rates 

of the four behaviours showed the same pattern across the classes (from 

Table 6.X, ?(2 8.4, d.f. 3, p <.05) in that cycling females received 

the most of all four. 

The subadults gave interaction at random to the female classes, 

and their mean rates to each class were not patterned consistently 

across the four behaviours (Priedmanc = 0.9, d.f.  3, n.s.). 

6.4.4d) Female agonism to males Female class-members showed no 

consistent pattern in their rates of aggression to males (Table 6.XIa). 

Although the mean rates suggest that cycling females were more aggressive, 

this was not true of all of them. Furthermore, females gave equal 

amounts of aggression to adult and to subadult males (Table 6.XIb, 

pooling solo and allied aggression); the few females who gave enough 

aggression to compare showed no consistent tendency toward adult or to 

subadult. 
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Table 6.IX 	Agonistic interactions of female classes, as dyadic 

mean rates per 100 hours docank. Legend otherwise as Table 6.VflI, 

except that rates compared by Kruskal-Wallis H test; the H-values in 

brackets are derived from scores corrected for observability. 

Class rates of agonism given 

Cycling Pregnant Mothers Lactating Kruskal- p 
Wallis H 

Behaviours 

Avoidance i .16 .10 .07 .19 6.41 n.s. 
(rec.) sd. (.13) (.09) (.os) (.07) (5.97) 

Supplants x .73 .40 .30 .56 6.64 u.s. 
ad. (.36) (.35) (.16) (.24) (7.45) 

Solo i .24 .13 .13 .15 2.42 u.s. 
aggression sd. (.20) (.ii) (.19) (.io) (2.36) 

Allied 
aggression 

x 
sd. 

.14 
(.23) 

.02 
(.03) 

.02 
(.03) 

.01 
(.03) 

no test 

Class rates of agonism received 

Cycling Pregnant Mothers Lactating Kruskal- p 
Wallis H 

Avoidance x .19 .12 .09 .14 2.54 n.s. 
(given ad. (.12) (.os) (.09) (.07) (2.39) 

Supplant x .47 .33 .85 .49 11.19 <.02 
ad. (.24) (.io) (.33) (.16) (10.95) 

Solo x 37 .11 .13 .11 5.98 n.s. 
aggression sd. (.30) (.o) (.io) (.07) (5.35) 

Allied x 
sd. 

.13 
(.19) 

0 
H 

.07 
(.oa) 

.02 
(.03) no test 

aggression 
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Table 6.X 	Males' agonism to females. Dyadic mean rates per 100 hours, with standard deviations. 

Comparisons of adult with subadult by Mann-Whitney U; and of males' rates to female classes by 

Freidman 2-way Anova. Probability * <.05. 

to all females by adult males to 

Adults U Subadults Cycl. Preg. Moth. Lact. 
n4,8 

Avoidance c .23 .07 .36 .30 .19 .20 4.01 
sd. (.25) (.03) (.44) (.40) (.23)  (.23) 
test 10(9) 

Supplant E .63 .45 1.35 .38 .39 .47 9.83* 

ad. (.41) (.07) (1.60) (.37) (.23) (.21) 
test 12 

0 
Solo x .33 .25 .75 .28 .24 .27 6.75 
aggression sd. (.22) (.06) (.65) (.23) (.ii) (.30) 

test 13(16) 

Allied x 06 .05 .12 .02 .04 .08 1.95 
aggression sd. (.04) (.oi) (.12) (.03) (.04) (.io) 

test 16(14) 

by subadult males to 

Cyol. Preg. Moth. Lact. 7C 

.014 	.13 	.02 	.07 	5.18 
(.06) (.05) (.03) (.06) 

.40 	.30 	.50 	.47 	3.00 
(.17) 	(.19) 	(.20) 	(.12) 

.38 	.20 	.24 	.20 	2.10 
(.26) (.16) (.13) (.io) 

0 	.07 	.07 	.04 	5.25 
(-) 	(.04) (.06) (.03) 



Table 6.XI 	Females' agonism to males. Dyadic mean rates of 

aggression per 100 hours, with standard deviations. 

given by female classes 

Female classes 	 Kruskal-Wallis 
Cycling Pregnant Mothers Lactating 	U 

Behaviours 

Solo 	x 	06 	.00 	.02 	.02 	2.65 	n,s. 
aggression ad. 	(.06) 	(.oi) 	(.03) 	(.02) 	(3.02) 

Allied 	x 	.06 	.00 	.02 	.02 
	

5.96 	n. a. 
aggression ad. 	(.04) 	(.oi) 	(.02) 	(.03) 

	
(6.53) 

given by all females to each male class 

rates to 
	 Wilcoxon T 

Adults (a) 
	

SubaduJ.ts (4) 
	

(ri=a females) 

all female i 	.06 	 .06 
	

16 n.s. 
aggression ad. 	(.os) 
	

(.09) 
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6.4.5 Interactions between adults and immatures 

Adult-class rates of interaction with immatures are compared in 

Table 6.XII. The subject-rates can be approximated to dyadic rates 

by dividing by the number of immatures in the troop, 40. Avoidances 

were too infrequent for statistical test. 

Adult classes differed in their rates of supplanting and aggression 

to immatures. In supplanting and solo aggression, this was apparently 

because subadults gave the most, followed by adult males and cycling 

females. Subadult males and lactating females were more prominent 

in allied aggression. 

Adult classes did not differ in the rates at which they received 

aggression from iinmatures. However, they did differ in supplants 

received, mainly in that adult and subadult males received none, since 

there were no significant differences between the four female classes 

(H = 7.57, con. obs. 7.51, d.f. 3, n.s.). 
In only a small proportion of these interactions was the sex of 

the immature partner identified, but in over 80% of such cases these 

were young males (n = 201). 	Since only 579/6 of the troop's iatures 

were males, this may indicate a sex-difference in behaviour, or it may 

be a bias in observer recognition, but this sex ratio was not the same 

in all adult-immature interaction. It was approximately the same in 

interactions which male subjects gave and received, but female subjects 

received proportionately less interaction from immature females than 

they gave (Table 6.XIII). 

6.4.6 	Conclusion 

Males were more 'successful' .than females in that they gave 

relatively more agonistic behaviour in proportion to the amount received. 

This was solely because of the large amount they gave, since male and 

female received equal amounts (of. Dittus, 1979). Males gave more 

than females for two reasons. First, males showed interaction to all 

classes of partner, and at higher rates than females did, while females 

gave very little to males: this much of the pattern may be attributed 

to the higher rank of the males. Secondly, the rates of supplanting 

and aggression between males were so high that they elevated the males' 

agonistic rates even further above those of females. 
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Table 63(11 	Agonism given by adults to bmnatures (top four rows) and received by adults from immatures 

(lower four rows). Mean subject-rates per 100 hours, with standard deviations. Classes compared by 

Kruskal-Wallis H-test. 

Male subjects: Pémale subjects: Kruskal-Wallis H 

Given Adult Subadult Cycling Pregnant Mothers Lactating 

Avoidance i .14 .27 .11 0 0 .03 no test 

(rec) ad. (.24) (.20) (.25) - - (.09) 

Supplant i 
ad. 

1.21 
(.66) 

2.56 
(1.16) 

.75 
(.34) 

.07 
(.15) 

.37 
(.58) 

.35 
(.zi) 

19.71 	pC01 
(19.95) 

Solo x 
sd. 

1.78 
(.92) 

2.86 
(1.12) 

1.68 
(1.39) 

.42 
(.32) 

.59 
(.45) 

.67 
(.31) 

15.21 	pC.01 
(17. 8 3) aggression 

Allied j .28 1.06 .90 .68 .22 1.15 14.74 	pC.02 
aggression ad. (.26) (.58) (.54) (.61) (.32) (.95) (is.sa) 

Received 

Avoidance i 0 0 .36 0 0 .25 no test 

(given) ad. (.54) (.28) 

Supplant i 0 0 1.57 .49 .76 1.36 21.52 	pC.001 

ad. (i.ii) (.37) (.70) (.55) (21.44) 

Solo x 
ad. 

.08 
(.12) 

.79 
(.65) 

1.11 
(.62) 

.51 
(.50) 

.82 
(1.04) 

.47 
(.45) 

io.66 	n.s. 
(10.83) aggression 

Allied x .06 .17 
(.ii) 

.51 
(.42) 

.42 
(.33) 

.59 
(1.32) 

.18 
(.19) 

7.71 	n.s. 
(.01) aggression ad. (.ii) 



Table 6.XIII 	The sex of immature partners. Agonistic inter- 

actions given and received by male and female subjects with 

immatures of each sex. 

Immature partners 

Males Females 

Male subjects give: 	47 	10 	no test 
receive: 	10 	1 

Female subjects give: 	32 	20 	X 13.89 
receive; 	73 	8 	 p <' 001 
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Males did not receive less agonism than females despite their 

higher rank, and this again was because of the high rates between 

males. Females received more agonism from other females and 

immatures than did males, but males received so much more from one 

another that the total they received was as high as that of females, 

and for aggression even higher. 

Why therefore was agonistic interaction so much more frequent 

between males than between females? Other authors have also found 

this, either absolutely (Seyfarth, 1976; Stoeker, 1974)  or in 

proportion to affiliative interaction (Rowell, 1967b)  and it did not 

appear to be caused by instability in the male hierarchy (6.3.6: 

c.f. Washburn & DeVore, 1961). Conspicuous contexts of male inter- 

action were over feeding sites (by supplanting), access to some social 

partners, and particularly in aggression over oestrus females (6.2.3: 

Chapters 7 & a), but in a number of their interactions there was not 

obviously any resource under dispute (6.11.3). Because male-male 

agonism is reportedly frequent in a number of species (e.g.. Chalmers, 

1968; Struhsaker & Leland, 1979; Drickamer, 1975: but c.f. Deag, 

1977) it may be referred to its ultimate cause as follows. 

Because the sexes differ in the way in which they may increase 

the numbers of their offspring,, the benefits they derive from behaving 

agonistically may also differ (Symons, 1978). A male's agonistic 

interaction with other males may more directly lead to an increase in 

reproductive success, by allowing monopoly of oestrus females, than may 

a female's agonism to other females, which may at most achieve access 

to food or social partners, or protection of offspring. While these 

last may contribute to reproductive success, yet competition may be 

more expensive to a female in tens of energy and reproductive failure. 

Altmann (1980) has argued that females' reproductive cycle puts them 

under considerable nutritional stress, particularly during lactation, 

so that high levels of active competition may not be worthwhile. 

Secondly, frequent involvement in agonistic interaction may produce 

levels of stress that inhibit ovulation (refs. in Dunbar, 1980, p.261, 

especially Bowman fl al., 1978) or increase risk of foetal loss during 
pregnancy (Myers, 1972; Holm, 1979). 

In interactions between females, mothers were little involved but 

they received numerous supplants, which may be attributed to their 

evading the approaches of others interested in their infants (Rowell, 

1969b; Seyfarth, 1976; Altmann, 1980). 	However there was no 
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evidence that they received substantially less aggression than did 

other females ( cf. DeVore, 1963; Rowell at al., 1968; Saayman, 

1972; Seyfarth, 1976). 	The fact that pregnant females received 

least aggression and fewest supplants suggests that their peripherality 

may have reduced interference from other females (Saayman, 1972 ). 

Other studies report that oestrus females show high rates of agonism, 

either given (Bolwig, 1959; Maxim et., 1963) or received (Hall, 

1962 ; Dunbar, 1980 , but cf. Saayman ibid.). Here the cycling 

females only tended to have higher rates than other females, and while 

a number of supplants between such females were clearly over proximity 

to adult males, more detailed data would be required to establish 

whether they competed over males more than other classes did (as in 

Hall i-bid; Non, 1979, but cf. Seyfarth, 1978b). 	Females sometimes 

chased other females away from particular males. 

Cycling females also exchanged more agonistic interaction with 

males, especially adults. Thus interactions were comparatively 

frequent in pairs that mated often (8.4.5c). Males commonly supplanted 

their female consorts from food sources, and cycling females were 

sometimes supplanted when males approached for rear-greetings or 

inspection. Swollen females also received threat during consort 

challenges by rival males (7.5.3a). 	Given that mothers associated 

with some adult males frequently, it was surprising that they also did 

not exchange frequent agonism with males. Males sometimes chased 

females possessively from the vicinity of other males, especially 

cycling females: and when other troops were close by, adult males 

commonly chased or herded females away from the strangers (as in 

Buskirk et al., 1974; Cheney & Seyfarth, 1977; Packer, 1979a). 

Males gave more agonism to immatures than did females, and 

received less, which is as predicted from their higher rank. Sub-

adults directed supplants and solo aggression to immatures particularly 

frequently (also Saayman, 1972. , for aggression). At least half these 

supplants were to large juvenile males (aged about 3-4 years), and 

this in conjunction with the high supplant rate among subadult males 

suggests that such agonism may be especially common between natal males 

approaching adulthood. Agonistic interactions between adults and 

juveniles are further discussed by Oliver and Lee (1978) and Lee and 

Oliver (1979). 

/ 
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5. DQ'1flWCE RMIX AND RATES OF BEHAVIOUR 

6.5.1 	Introduction 

This section examines whether individualst agonistic rates were 

determined by their position in the hierarchy. Many studies show 

that high-ranking animals tend to give more agonistic interaction, and 

receive less, than do lower rankers, at least for some behaviours 

(Rowell, 1966b; Seyfarth, 1976;  Bramblett, 1978; Lee & Oliver, 

1979, for baboons: Bernstein, 1969; Lindburg,  1971;  Deag,  1977, 

for macaques). Such observations might be predicted in that animals 

who are dominant to more others may have more çpportunity to exchange 

those behaviours which are the prerogative of the dominant in any pair. 

Because a linear hierarchy was found in this study, the prediction is 

tested by comparing subjects' dominance-rank orders with their rank-

orders for rates of behaviour given and received. The analysis 

first examines, the overall rates at which subjects exchanged agonism 

with all partners, per hour. Such rates are important in terns of 

feeding-efficiency and other long-tern variables (6.1.1). Thereafter 

the analyses examine the effects of dominance rank on interactions 

within and between the sexes. 

It should be noted that not all studies have found that dominance 

rank is related to rates of behaviour. Bygott (1979) found no such 

relation, and some descriptions of male-male aggression state that 

the most aggressive males are not of highest rank (e.g. Rose et al., 

1971; . Southwick, 1967). 

Even if high rankers show more agonistic behaviour because of 

their position in the hierarchy, the question remains as to whether 

they are inherently more assertive or aggressive: for example, the 

highest-ranker often shows considerably more aggression than its 

closest subordinates (e.g. Hall, 1962 ; Dunbar, 1980 ). 	Therefore 

an analysis is made of the rate at which subjects directed agonism to 

subordinates of their sex (i.e. dyadic mean rate downrank), thus 

comparing individuals' rates when differences in their availability 

of subordinate partners is taken into account. This analysis is 

presented in parallel to that just described. For behaviours which 

occurred sufficiently frequently uprank, the rates of behaviour are 

compared with rank in the same way, to estimate whether tendency to 

challenge dominants was related to rank. 



6.5.2 Dominance rank and subjects' rates of behaviour 

For each subject was calculated the rate of each behaviour given 

and received with all partners, per hundred hours, as in 6.4.2. 

These rates are illustrated in Pig. 6.1. Secondly, for each was 

calculated the ratio of agonism given as a proportion of agonism 

received (but, for avoidance, the inverse of this). Table 6.XIV 

compares these rates and ratios with two variables: the first is 

dominance rank; the second is time spent near other baboons 

(clustering, 2.VIIIb) to test the hypothesis that those who spent 

more time with other baboons would interact more. The conclusions 

are as follows: 

Higher ranking subjects in each sex were avoided more, and gave 

more supplants and aggression. 

The tendency for lower rankers to receive more agonistic 

behaviour was generally weak, but significantly the lower ranking 

females avoided more, and the lower ranking males were supplanted 

more. The biter ranking males tended to receive more aggression, 

but not significantly. 

The higher rankers in each sex tended to give more agonism in 

relation to the amount they received than did the lower rankers. 

Overall the rate of receipt of agonism was the least accurate predictor 

of an animal's rank. 

Subjects who spent more time near other baboons did not generally 

interact more; however, the more peripheral females avoided more 

often. 

Thcanination of the data in Fig. 6.1 show that certain animals 

interacted conspicuously more or less than those of similar rank. 

Among males, the newcomer A2 was avoided most but he supplanted 

comparatively little. Newcomer Al supplanted at an exceptionally 

high rate, but received least of all. The most aggressive male was 

A5, who also received most aggression. Among the females, those who 

were conspicuous were P5, P6, P7 and P13, all of whom were cycling 

females for at least part of the study. The sick P11, who was very 

peripheral, exchanged fewer supplants than other females. 



Table 6.XIV 	Subjects' rates of giving and receiving agonistic behaviours (with all classes of partners, 

including immatures) per hundred hours, compared with (a) dominance rank, and (b) time spent near other 

baboons (i.e. in clusters, 2.VIIIb). Dominance rank is also compared with the ratio between agonistic 

rate given/received, per subject. Comparisons by Spearman r5 , repeated with observability corrections 

(in brackets). Probabilities only assigned to uncorrected data if confirmed with correction, 

* <.05, 	< .01, ***< .001 

Avoids 	Supplants Aggression Avoids Supplants Aggression 

rec. 	given given given • rec. rec. 

Males (12) 

Dominance .902 	.790 .755 -.493 .776 .553 

+ obs.corr. (.944) 	(.797) (.797) -.199 -.741 .573 

00 	 Clustering -.119 	-.028 .084 .155 .350 .301 

+ obs.corr. (-.273) 	(-.119) (-.126) (-.276 ) (.140) (-.119) 

Females Im) 
Dominance .537* 	.864* .775 _.731* -.030 -.157 

+ obs.corr. (.479) 	(.820) (.728) (-.765) -.346 -.278 

Clustering .105 	.310 .155 _,497* .069 .359 

+ obs.corr. (.025) 	(.276) (.ii) (-.534) (-.210) (-.453) 

Dominance rank vs. ratio for 

Avoidance 	Supplanting Aggression - 

Males (12) .916* .881 .699* 

Females (18) .679 .848* .787 



6.5.3 Dominance rank and interactions within and between the sexes 

The following sections compare subjectst  dominance ranks with 

(a) their dyadic mean rates of interaction with all partners of the 

sex concerned, and where appropriate (b) their dyadic mean rates given 

downrank (and, for some aggression, uprank). These rates are also 

compared with the amount of time spent near members of the partner-sex, 

estimated as the percent of all their nearest-neighbour records for 

which one member of that sex was present in 15 metres (2.V-VIII), 

again to test the hypothesis that interaction rate would reflect 

association frequency. In some cases tests have not been made because 

there were insufficient interactions to rank the subjects, and solo 

and allied aggression have sometimes been combined to overcome this. 

6.5.3a) Interactions between males Comparisons are made over all 

males in Table 6.17, and repeated separately for adults and subadults 

in Table 6.171. Analyses of rates uprank and downrank are made only 

for the twelve, but not for each class. The following conclusions 

emerge 

High ranking males were avoided more, overall and in both classes. 

The overall result persisted when availability of subordinates was 

accounted for (Table 6.XVc), indicating that higher rankers were 

avoided more than expected from their position in the hierarchy. 

Higher ranking males supplanted more, and lower rankers received 

more supplants. The . former tendency was shown by both classes, the 

latter only by adults. The overall correlation disappeared when 

downrank rates only were considered, and so must be attributed merely 

to the greater availability of recipients to the high rankers. There 

was also a tendency, not confined with the observability correction, 

that males who spent more time near other males were also supplanted 

more. 

High ranking males gave more solo aggression, and were more 

aggressive than expected merely from their position in the hierarchy 

(Table 6.17 column ). However the correlation was not significant 

among adults, so that the overall result may be in part because adults 

gave more aggression than subadults, who were of lower rank (6.4.4a). 

Low rankers did not receive more solo aggression. 

The males who gave most allied aggression were not the higher 

rankers, but the higher rankers received more. 

'p.'.] 



b) 11 males, dominant partners 

Dom.rank Male assoc. 

c) 11 males, subordinate partners 

Dom.rank 	Male assoc. 

-.173 
(-.346) 

509. 
(.364) 

-.155 
(-.209) 

346 
(::) 

546 
(.609) 

.427 
(.391) 

-.273 
(-.300) 

-.055 
(-.027) 

,755** 
(.782) 

-.100 
(.082) 

.673* 
(.664) 

- .07 

Table 63W 	Male-male agonism. Comparisons of 	dominance rank, and their association frequency with 

other males, with (a) rates of agonism with all partners (b) rates of aggression given uprank, and (c) rates of 

agonism given downrank, using dyadic mean rates. Spearman r5  coefficients, repeated with observability 

correction in brackets. Probability assigned only if confirmed with this correction, *<05, 	< .01. 

a) 12 males, all partners 

Dom.rank Male assoc. 

Avoidance rec. .937 -.472 
(-.629) 

Supplants given .839** -.413 
(.860) (-.455) 

Solo aggr. given .818 -.399 
(.839) (-.455) CO 

-J Ally. aggr. given .140 .133 
(.119) (.147) 

Avoidance given -.657 .448 
(-.448) (.217) 

Supplants rec. -.874 .762 
(-.741) 

Solo aggr. rec. .140 .245 
(.294) (.042) 

Ally. aggr. rec. .811** -.434 
(.790) (-.420) 



Table 6. XVI 	Male-male agonism: dominance within class. 

Comparisons between subjectst dominance ranks and dya&ic mean 

rates of agonism given and received with other males. 

Spearman r5  values as in Table 6.XV. 

Avoidance rec. 

Supplants given 

Solo aggr. given 

Ally. a.ggr. given 

Avoidance given 

Supplants rec. 

Solo aggr. rec. 

Ally. agt. rec. 

Adult males (a) 
• corr.obs. 

.898 (.929) 

.762* (=) 

.476 (.9s) 

-.238 (-.333) 

_.833* (-.762) 

_.810* (-.762) 

-.143 (-.262) 

.833* (.786) 

Subadult males (4) 

r5 	corr.obs. 

	

1.000 	(=) 

1.000 •( = ) 

	

1.000 	(.800) 

	

.800 	(=) 

-.800 (.200) 

-.200 (.400) 

.800 (.600) 

.800 (=) 



6.5.3b) Interactions between females Data in Table 6.XVII compare 

femalest interaction rates with dominance rank and with their tendency 

to associate with other females. Similar correlation coefficients 

were calculated for each reproductive class: they have not been 

presented here, to save space, but will be su mmarised below. The 

conclusions from Table 6.XVII are these: 

Higher ranking females were avoided more, and gave more supplants 

and solo aggression. Every female class also showed strong positive 

coefficients for these measures. However,, none of these correlations 

was significant downrank (column li in the table), which suggests 

that high ranking females were not generally more assertive or 

aggressive than expected from their position in the hierarchy. 

Lower ranking females avoided more, and received more supplants 

and solo aggression: all four classes shared the same tendency for 

these behaviours, some significantly so. 

There was no evidence that females who spent more timg with other 

females also interacted more: rather the reverse seemed to be the 

case, since most correlation coefficients were negative. This was 

probably because mothers spent most time with females but interacted 

little, while cycling females were associated less but interacted more. 

6.5.3c) Interactions between the sexes Correlation coefficients are 

presented in Table 6.XVflI. Aggression from female to male was so 

infrequent that solo and allied have been combined. 

High ranking males were avoided more by females, and gave them 

more supplants and solo aggression. The same tendencies were 

significant for adult males and evident for subadults. High ranking 

adult males also received more aggression from females. Males? 

aggressive exchanges with females are illustrated in Pig. 6.2. The 

younger subaduJ.ts were involved more than expected from their dominance 

rank, since the trend among adult males is quite clear. High ranking 

adults received more aggression mainly because females were more 

aggressive to the newcomers Al and A2 and to resident male A3. The 

males? agonistic rates with females were not closely related to the 

time they spent near them. 

Higher ranking females gave more aggression to males, a tendency 

apparent in all three classes for whom data were sufficient to compare. 

twJ 



Table 6.XVII 	Agonism between females, and dominance rank. Females' dominance rank and their time 

in association with other females (dyadic association frequency) compared with (a) dyadic mean rates 

of agonism exchanged with all other females, and (b) dyadic mean rates of agonism to subordinates. 

Spearman r5  values as in Table 6.XV. 

Avoidance rec. 

a) 18 females, all partners 

Dom. rank 	Female assoc. 

	

.519* 	-.253 

	

(.603) 	(-.159) 

b) 17 females, to subordinates 

Dom. rank 	Female assoc. 

-.164 	-.095 
(-.321) 	(-.163) 

Avoidance given 

Supplants rec. 

Solo aggr. rec. 

Ally. aggr. rec. 

.876 -.159 .277 -.417 
(.827) (-.193) (.253) (-.473) 

-.275 -.036 -.618 
(.654) (-.298) (-.094) (-.627) 

.439 -.210 .114 -.062 
(.399) (-.269) (-.io) (-.191) 

-.785 -.175 
(-.808) (-.ii) 

_.911** .206 
(-.893) (.018) 

-.640** -.321 
(-.699) (-.yj) 

.062 -.068 
(-.012) (-.294) 

Supplants given 

-S 

"0 	 Solo aggr. given 
0 

Ally. aggr. given 



Table 6.XVIII 	Dominance rank and agonism between the sexes. Subjects' dominance rank, and association 

frequency with the opposite sex, compared with dyadic mean rates of agonism exchanged. Solo and allied 

aggression have been pooled when calculated from female to male. Spearman r 5  values presented as in 

Table 6.XV. 

Male subjects Female subjects 

Twelve males Adults (8) Subadults (4) All females (18) 

Dom.rank 	Female assoc. Dom.rank Dom.rank Dom.rank Male assoc. 

Avoidance rec. .806** .249 .881** .800 
(.839) (.259) (=) (=) 

Total aggr. .584* .363 

Supplants given .767 .354 .850 1.000 given (.547) (.287) 
- (.832) (.140) (.952) ( = ) 
'0 

Solo aggr. given .699* 
(.636) 

.273 
(.098) 

.881 
(.905) 

.800 
( = ) 

Avoidance -.406 -.307 
given (-.499) (-.414) 

Ally. aggr. given .470  
(.608) 

.416 
(.336) 

.443 
(.571) 

.633 
(.400) 

Supplants .653e .604* 
rec. (.591) (.so) 

Solo aggr. .441 .340 
Total .300 -.145 .823* -.400 rec. (.284) (.247) 
aggression 
rec. (.270) (-.242) (.707) (-.200) Ally. aggr. .437 .342 

rec. (.382) (.292) 



FIG. 6.2 

.7 

O•5 
-C 

•0 
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I:. 
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to 
females 

from 
females 

3 

FIRI. 6.2. Males' rates of aggressive interaction with female 
opponen a. Dyadic mean rates per hundred hours with which 
males gave aggression (above x_axis) and received it (below) 
with female partners, pooling both solo and allied aggression. 
Males arranged in descending order of dominance rank from the 
left, subadult males cross-hatched. 
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The correlation coefficients for agonism received suggest that lower 

ranking females tended to avoid males more (n.s.) but that otherwise 

the higher rankers received more, significantly in the case of 

supplants (this was also apparent within three of the four female 

classes). However the females who were supplanted more were also 

those who spent more time near males, so that these results were 

probably not independent. 

6.5.4 Interactions with immatures 

Results of comparisons between subjects' interaction rates with 

flnmatures (as subject rates per 100 hours) and dominance rank are in 

Table 6.XIX. Clustering (2.vfl1b) was used as an estimate of proximity 

to immatures, and also compared with interaction rates. Data on maturest 

avoidances, and aggression to adult males, were insufficient for analysis. 

None of the males' interaction rates were significantly related to 

dominance rank or clustering. Coefficients over all males suggested 

that lower rankers interacted more, almost certainly due to the high 

rates of the subadults (6.4.5) and not because of dominance rank per se. 

Higher ranking females gave more supplants and solo aggression to 

innnatures. The lower rankers also tended to receive more supplants 

and aggression; since all coefficients were negative (as were eight of 

the nine calculated for particular classes), but not significantly so. 

Females' interaction rates were not significantly related to the time 

they spent among other baboons. 

6.5.5 Summary: dominance rank and agonistic rates 

The pattern of subjects' overall rates per hour may be explained 

in terms of the detailed relations between classes. 

6.5.5a) Male subjects 

The fact that higher ranking males were avoided more reflects 

especially avoidance received from other males (more than expected 

merely from their high rank position) and from females. The fact 

that lower ranking males did not avoid more may reflect the low rates 

of subaduJ.t males, because the low ranking adults did avoid more. 

The high supplant-rates of the higher ranking males were reflected 

in their supplants both to males and to females. Lower ranking males 

received more supplants, but these were entirely from other males. 
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Table 6.XIX Adults' dominance rank, and interaction with immatures. Adult class-members' dominance 

rank, and percent time near other baboons (clustering: 2.VIIIb) compared with subjects' rates of 

interaction with immatures per hundred hours. Spearman r 5  values, repeated with observability 

corrections as in Table 6.XV. 

a) Twelve males b) Adults (8) Subadults (4) c) All females (18) 

Dom.rank Clustering Dom. rank Dom.rank Dom.rank Clustering 

Supplants given -.125 
(-.035) 

-.021 
(-.196) 

.611 
(.476) 

-.400 
(.400) 

.592*  
(.si) 

.209 
(.170) 

Solo aggr. given -.105 
(-.070 ) 

.294 
(-.063) 

.599 
(.762) 

-.800 
( = ) 

.669* 
(.587) 

.278 
(.202) 

\0 
Ally. aggr. given -.551 

(-.610) 
.415 

(.392) 
.133 

(-.108) 
-1.000 
( = ) 

.121 
(.091) 

-.256 
(-.329) 

I, 

Supplants -.437 -.003 
(-.475) (-.036) 

Total aggr. rec. -.402 
(-.392) 

.248 
(.167) 

- -1.000 
( = ) 

Solo aggr. 
rec. 

-.349 
(-.406) 

-.407 
( - .453) 

Ally. aggr. -.498 -.591 
rec. (-.447) (-.449) 



(iii) The fact that higher ranking males gave more aggression reflects 

their high rates of solo aggression to males (giving more than 

expected merely from their rank position) and to females. The 

lower rankers did not receive more aggression, apparently because 

male allied aggression was given more to high rankers, and high-

ranking adults also received more aggression from females. 

6.5.5b) Female subjects 

The fact that low-ranking females avoided more and high-rankers 

received more avoidance, overall, was largely because this pattern 

obtained among females alone: but emphasised because lower rankers 

also tended (n.s.) to avoid males more. 

The higher rates of supplants given by high-ranking females were 

directed both to females and to ixnmatures. However, lower rankers 

did not receive more supplants, because of opposing tendencies that 

low rankers were supplanted more by females while high rankers were 

supplanted more by males (arguably because they spent more time near 

them). 

Higher ranking females gave more aggression overall, apparently 

because they gave more aggression to males, and more solo aggression 

to both females and immatures. However, the lower rankers did not 

receive more overall, despite receiving more solo aggression from 

other females, and this was again because the higher rankers tended 

to receive more from males, albeit not significantly. 

6.5.6 	Conclusions 

Dominance rank emerges as a useful intervening variable in that it 

predicted the patterning of individual differences, of the sort 'higher 

rankers give more and receive less', for several behaviours. Although 

such correlations for avoidance and supplanting within each sex were an 

inevitable result of the way dominance was assigned, yet they were also 

found for agonistic behaviour between the sexes, and between adults and 

young; for aggression among females; and for a variety of non-agonistic 

behaviours (e.g. 4.2.7; 4.3.9b) which were not so implicated by 

definition. 

The majority of supplants took place over feeding sites; and 

aggression over prized foods such as fungi and meat was sometimes 

conspicuous. The data presented here and in section 6.4 above therefore 
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have some relevance to feeding competition. Other authors have found 

that adult and subadult males are less often interrupted during feeding 

than are other animals, and so may have longer feeding bouts (Post 

et PI., 1980; Maine & Westlund, 1978). 	It was surprising therefore 

that females did not avoid, nor receive supplants, more than males 

(6.4.2). As noted earlier, this was because males showed these 

behaviours to one another so frequently: however, a large number of 

their interactions did not involve food at all; and so this result 

may not reflect feeding competition, especially since a male can more 

easily obtain a feeding site from a female or immature without having 

to challenge another male. However, the number of measures in which 

high rankers gave more agonism, and received less, strongly suggest 

that high rankers would be at an advantage in feeding competition. 

This is especially likely for supplanting, as demonstrated for the 

juveniles of this troop by Lee and Oliver (1979), and in terms of 

feeding interruptions at Amboseli by Post at al (1980). 

Because the direction constancy of interactions between females 

was so high, position in the frnuale hierarchy was strongly predictive 

of rates of agonistic interaction. analysis of rates downrank gave 

no suggestion that higher rankers were any more assertive or aggressive 

than expected from their position in the hierarchy. Most individual 

differences were therefore attributable to dominance rank modified slightly 

by the effect of reproductive state, in that cycling females tended to 

interact more. 

Avoidance and supplant rates among males were closely related to 

dominance rank in the expected way. But in aggression, this was not 

the case. Higher rankers tended to receive more allied aggression, 

reflecting the direction of this behaviour uprank and the frequency 

with which middle-ranking males allied against high-ranking newcomers. 

In solo aggression, high rankers gave more, but the amount received 

was independent of rank and suggested rather that a number of males 

who gave more aggression also tended to receive, more. Thus the focal 

males A3, A4, A5 and A7 were prominent in aggression given and received, 

with A5 showing most of both. 

A more striking pattern between males was that when availability 

of subordinates was accounted for, the higher rankers still received 

more avoidance, and gave more solo aggression, than the low rankers. 
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Examination of individual scores revealed that three adults were 

particularly responsible, namely Al, A3 and A5, and that they also 

tended to supplant downrank at very high rates. The eight adults' 

rank-order for solo aggression downrank was highly correlated with the 

rate at which they were avoided by subordinates (r 5  .881, con. obs. .714, 

P < .05) suggesting that these males may have been avoided because they 

were so aggressive. 

In interactions between the sexes, there was a tendency for high 

ranking females to be more often involved. In part this must reflect 

their tendency to spend more time near males (4.2.7).  Among males, 

the higher ranking adults exchanged more agonism with females. The 

fact that the females' aggression to males was directed especially to 

Al, A2 and A3 parallels the direction of allied aggression which males 

gave to these three in particular (6.11.1). 

SubaduJ.t males interacted with females more than expected from 

their rank, in that their rates were comparable to those of middle-

ranking adults although their own ranks were generally lower. Young 

males approaching adult size are reported to rise in the female hier-

archy in a number of species (Langurs, Jay, 1965;  chimpanzees, Bygott, 

1979; and baboons, Hausfater, 1975; Lee & Oliver, 1979), so that the 

high rates here may represent residual antagonism related to dominance 

changes. Subadult males also showed a tendency to redirect threat at 

nearby females when being supplanted by adult males. 

6. AGONISM AND DOMINANCE RANK-DIflCE 

6.6.1 	Introduction 

Agonistic interaction is sometimes reported to be more frequent 

between animals of similar dominance rank, and while in some cases this 

may be merely because there are more partners available at closer ranks 

(e.g. Christopher, 1972), there are sufficient reports of particularly 

high rates at close ranks, both of agonistic behaviour (Bernstein & 

Sharpe, 1966; Alexander & Bowers, 1969; Moore, 1978) and of social 

attention (Emory, 1976). This may be explained in terms of competition 

for resources, which is likely to be keenest between animals of similar 

competitive ability: for example Post at al (1980) found greater 
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overlap in diet between closely-ranked classes. Alternatively, it 

may represent competition for increased rank itself: most dominance- 

changes between baboon males involve adjacent rankers (Hausfater, 1975). 

This is supported in that macaques, who are forcibly removed from their 

group, will, on return1 seek out aggressively the animal next below in 

rank, as though reaffirming status (Conaway & Koford, 1964;  Vessey, 

1971). However, some studies do not find agonism more frequent at 

close rank (Seyfarth, 1976; Bygott, 1979);  and DeWaal (1977) suggests 

that it may be restricted to pairs of unstable dominance, or to newly-

forued groups. 

The following section examines the rank-difference of agonistic 

interaction by methods described in 2.XIIIc). 

6.6.2 Comparison of rates 

Figs. 6.3 and 6.4 show the dyadic mean rates of agonism between 

all pairs at each rank-difference, with 1 as adjacent rankers: the 

most extreme rank-differences have been pooled due to diminishing 

sample size. Rates are shown dawnrank only, for females, but dot.nrank 

and uprank separately for males. The correlation coefficients (listed 

on the figures) are all positive, suggesting that agonism tended to be 

more frequent between closer-ranking pairs, but this tendency was only 

significant for avoidance and allied aggression among females, and for 

both types of aggression uprank and downrank among males. The result 

for avoidance uprank among males is based on too few interactions to 

be reliable. 

Data in Table 6.XX test the hypothesis that each subjects most 

frequent recipient of agonism would be within two places of rank. The 

hypothesis is rejected except in the case of allied aggression between 

females. 

6.6.3 	Conclusion 

Overall there were slight tendencies for agonistic interaction to 

be more frequent at closer ranks within each sex, but only one clear 

case for it to cluster at particularly close rank. Examination of 

the dyadic rates in Figs. 6.5,  6.6 and 6.17-20, show a number of high 

frequency dyads, and while some look like cases of intenser competition 

between close rankers, yet there was only one pair with possibly unstable 
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Table 6.XX 	Comparison between the number of first-recipients of agonistic behaviour within and beyond 

two places of dominance rank from the donors. Binomial probabilities two-tailed (p). 

a) between females 

downrank only 

1-2 ; 	 3+ 

obs. 	5.2 10.8 P,1.00 
exp. 	4.6 11.4 

7 9 	p 	.56 
4.6 11.4 

4 10 	
Pc1.00 

4.1 9.9 

7 3 	p<.05 
3 7 

Ally. aggr. given obs. 

exp. 

rank-places 

Avoidance rec 

Supplants given 

N) 
C 	 - 
-S 

Solo aggr. given 

b) between males 

uprank 
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4 3 
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dominance (A6 and A7), and there were equally conspicuous pairs at more 

distant ranks. Therefore, while competition between close-rankers 

may partly explain the distribution of such pairs, other factors may 

also be involved in each sex. 

Avoidances between females were not concentrated between particular 

pairs, and did decrease at disparate ranks, but any such pattern for 

supplants was obscured by the high rates given to mothers: of the 17 

most frequent pairs, 12 had mothers as recipients. The distribution 

of aggression among females was characterised only by the concentration 

of allied aggression to subordinates within four places of rank. One 

interpretation is that females only need allies against close-rankers, 

but this is further discussed in relation to kinship in 6.7.11 below. 

Apart from a few pairs of adjacent-ranked males showing particularly 

frequent agonism, the close-rank pattern among males was apparently 

determined by four factors (Pigs. 6.17-20). First, there were often 

high rates among the focal males, perhaps reflecting their association 

together or with females in common. Secondly, there were high rates 

of supplanting between subadults, which were necessarily close in rank. 

Thirdly, the distribution of adult male aggression reflected more the 

males' involvement in aggressive competition for oestrus females, much 

of which centred around adults 1 to 7, and so tended to be within six 

rank-places. Whether these patterns produce the closer-rank effects, 

or result from the similar competitive abilities and therefore close 

ranks of the males involved, is not clear. There were also some dyads 

which appeared to show particular antipathy; adult males tended to 

supplant the higher-ranking subadults, who were not especially close 

in rank. These relations are further discussed in section 6.10 below. 

7. POLYADIC fl'ZTERLCTI0NS AND ALLIANCES 

6.7.1 	Introduction 
Monistic interactions within pairs of animals are often affected 

by the proximity or intervention of a third party (Kummer, 1967; 

Struhsaker, 1967). 	Such interventions may affect long-term dominance 

relationships, so that it is possible to distinguish an animal's rank 

due to its competitive ability (basic rank) from its rank depending on 

its alliances with others (dependent rank) (Kawai, 1958).  In matrifocal 
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troops, the ranks of adult females often depend on their motherst ranks, 

as in macaques (Kawamura, 1958; Koford, 1 963; N.issakian, 1972; 

Dittus, 1979) and baboons (Hausfater, 1975; Moore, 1978) but not in 

Hanumanlangurs (Hrdy & Hrd.y, 1976), and this is commonly attributed to 

maternal intervention in daughters' disputes (Marsden, 1968; Eaton, 1976; 

Cheney, 1977). Female baboons may assume ranks which their mothers had 

at their birth even when the mothers no longer maintain those ranks 

(Hail-fa-ter et al., in prep. cited Altmann, 1980; also in macaques, 

Sade, 1972b) and this may depend less on maternal intervention than on 

early identification processes (Altmann ibid.), possibly enhanced by 

exploitative alliances later on '(Walters, 1980). Either way, alliances 

may perpetuate the matrilineal ranking system, and tend to be more 

frequent between kin both in macaques (e.g. Kaplan, 1977; Massey, 1977) 

and in baboons (Nash, 1978b; Walters, 1981). 	In macaques, alliances 

between females may control the entry of immigrant males into troops 

(Vessey, 1971; Bernstein, 1974; Packer & Pussy, 1979). 	In 

species breeding in one-male units females tend also to ally against 

the unit-male (Hall, 1967; Dunbar & Dunbar, 1975; Hrdy, 1977;  Non, 

1979). 
Alliances also occur between non-relatives, whereby animals may 

improve or defend their rank positions (Koyama, 1967; DeWaaJ,, 1978), 

or become more fully integrated into their troop (Kaplan, 1978); and 

alliance is often a feature of the 'control role' of high rankers 

(Bernstein & Sharpe, 1966). 	In baboons, the occurrence of male-male 

alliance was early recognised (e.g. Stoltz & Saayman, 1970), forming 

the basis for the 'central hierarchy' concept of Hall & Delore (1965) 

and providing evidence of reciprocal altruism (Packer, 1 977b). However, 

Hausfater (1975) found that polyadic aggression comprised as few as 

2% of agonistic bouts at Amboseli. 

The following section analyses the distribution and importance of 

two types of polyadic interaction: first, triadic avoidances and 

supplants, and secondly, polyadic aggression, which is qualitatively 

rather different from the first. 

204 



6.7.2 Triadic avoidance and supplant 

Occasions when one animal moved out of the way of the advance of 

two others simultaneously are here considered. These comprise 39 

avoidances (from beyond amts reach), and 17 supplants (from within it). 

The oncoming pair were not considered to be intaJ.lianc&, in contrast 

to aggressive interactions (6.7.4). When these triads were broken 

down into their constituent dyads, they were distributed between the 

sexes as shown in Table 6.XXI. These rates differ most strikingly 

from the corresponding solo rates (Table 6.Vi) in that females were 

avoided by males and appeared to supplant them. All such cases from 

female to male involved cycling females travelling with an adult male; 

in 26 of these 28 interactions the female was fully swollen, and in 24 

the oncoming pair were in consort. Table 6.XXII shows that these 

amounted to the majority of triadic interactions. In 36% of them 

the male who moved away was of hi gher rank than the oncoming male, 

which is a far higher proportion than the 3.6% uprank found for 

dyadic supplant and avoidance between males (Table 6.IV). However, 

in all 19 cases where a female deferred to the pair she was of lower 

rank than the oncoming female. 

The remaining nine interactions provided five cases of a female 

deferring to female(s) dominant to herself, three cases of a male 

deferring to higher ranking males, and one of a male being supplanted 

by two subordinate males. Finally, there were six cases (not 

included in Tables 6.XXI & ml) where one male was avoided by two or 

more other males simultaneously, but the avoiders were always subordinates. 

6.7.3 	Discussion 

These data show that triadic supplants and avoidances followed the 

rank-direction of dyadic interactions, except in two respects. First, 

a male travelling with a swollen female was more likely than usual to 

be deferred to by a male dominant to himself (also Packer, 1979b). 

This provides strong evidence for a process analogous to rival inhibition 

in hamad.ryas baboons (Icummer fl al., 1974): and is further discussed 
in 8.5.1. 

Secondly, females in such pairs were deferred to by males normally 

dominant to themselves. Such interactions may underly the early reports 

that females assume the dominance rank of their male consorts (e'.g. 
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Table 6.XXI 	Triadic avoid.ances and supplants. I: Dyadic mean rates 

per 100 hours, within and between the sexes, estimated by breaking down 

triads into component dyads. Note that the behaviours differ so that 

column two shows female avoidance of males but male supplanting of females. 

Male-male Male-female Female-male Female-female 

Avoidance 	x .052 .014 .025 .008 
ad. (.066) (.023 (.039) (.oie) 
n. 30 13 24 11 

Supplant 	x .011 .011 .004 .007 
sth (.026) (.024) (.019) (.019) 
n. 6 10 4 9 

Table 6.XXII 	Triadic avoidances and supplants. II: Interactions 

listed by donor-pair, and recipient. 

Avoi dances 

by male by female 

Supplants 

of male, of female 

Donors 

Consort pair 

Cycling female with male 

Two males 

Two females 

Other 

20 8 4 	6 

4 1 - 	 4 

3 2, 1 	- 

- I - 	 - 

- - - 	 2 
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Hall & DeVore, 1965), but the fact that they were only deferred to by 

females subordinate to themselves shows that this interpretation was 

not supported here. 

6.7.4 Polyad.tc aggression described 

Aggressive interactions which included alliances between two or 

more animals simultaneously directing aggression to a common opponent 

are included here as polyadic aggression. Many of these were attempts 

to aid the victim of an attack, apparently in response to gestures of 

fear by the recipient. Other alliances were clearly solicited by gestures 

such as screaming with tail up (see Pig. 3, in Saayman, 197 1b) or by the 

rapid head-turning gestures described variously as 'enlistment' (Han 

& DeVore, 1965), 'soliciting' (Ransom, 1971; Packer, 1977b) and 

'head-flagging' (Walters, 1980). Some alliances may have merely been 

coincident parallel aggression, and some occurred when two male antagonists 

redirected aggression at nearby females. No attempt is made here to 

distinguish which partners initiated these alliances, nor to .separate 

'coalitions' from 'aids' ( cf. Cheney, 1977). 
Cases where two or more animals concurrently received aggression 

from a common opponent are here classified as defensive alliances. 

In 231 instances of males allying together, only 17.79/6  were in defence: 

these included some cases of a consort male allying with another against 

an aggressive rival. 	25.95/6 of 58 male-female alliances were in defence, 

mostly being consort-pairs under attack; and 8.70/6 of 46 female-female 

alliances were in defence. Because many defensive alliances differed 

qualitatively from alliances in aggression given, all of them have been 

omitted from the analyses that follow. The remaining 222 polya&ic 

interactions have already been analysed in terms of 'who was aggressive 

to whom' under the heading of allied aggression. The following sections 

describe who allied with whom. 

6. L._5.  Individual differences in alliance 

Fig. 6.7 shows the amount of each subject's aggression which was 

given in alliance, or received from alliances, as a proportion of its 

total incidents of aggression given or received respectively. There 

is no clear evidence that high rankers were preferred as allies, nor 

allied against more (note that some of the proportions were calculated 
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from small sample sizes, especially in aggression given by low-ranking 

females). However, the two newcomer males Al and A2 were conspicuous 

for the frequency with which they were allied against, and for the 

rarity with which they allied with others. Comparison of proportional 

alliance in aggression given and received over twelve males yields 

r5  -0.608, p <.05. 

6.7.6 The pro-portion of alliance in each dyad 

The likelihood that any two animals would be seen acting in alliance 

depended partly on opportunity; i.e. the rate of aggression of each. 

Therefore pairs' tendencies to ally were calculated as follows. The 

number of times the subject gave aggression allied with a particular 

partner was expressed as a proportion of the total number of times the 

subject gave aggression at all, excluding aggression directed at that 

partner or given when that partner was absent from the troop. This 

was the dyadic alliance proportion between the subject and the partner; 

in any pair it differed slightly depending whether the more or less 

aggressive partner was considered as subject. This measure assumes 

that the likelihood that either partner showed aggression was unaffected 

by the presence of the other, a naive and probably false assumption but 

necessary for this analysis. 

6.7.7 Alliances within and between each sex 

The mean percent of their aggression given in which subjects of each 

sex were allied with at least one male, female, or immature are shown 

in Table 6.J0CIII. Females allied with one another most, next with 

immatures, and least with males. Conversely, males allied with males 

most, much more than with females or immatures. The latter result is 

surprising, since there were fewer males available as potential allies 

than there were females. Therefore when the same data are presented 

as mean dyadic alliance proportion across all partners of each sex 

(Table 6.XXIV), which allows for the availability of partners, it 

emerges that females allied with both sexes about equally, whereas 

adult and subadult males both showed a strong tendency to ally more 

with males. Furthermore, comparing tendencies to ally with immatures, 

females did not in general do so more than males (despite their contrast 

in Table 6.fllfl, U = 100, n 12, 18, n.sj; however, subadult males 
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Table 6.flhII 	Mean percent of each subject's aggression given in 

which it was allied with &t least one male, female, or immature. 

The percentages are not mutually exclusive, since a subject could 

be allied simultaneously with male, female, and immature. 

Allies 

Males Females Immatu.res 

Subjects 

Males 	TE 	 22.0 3.2 2.8 
sd. 	(13.1) (2.9) (3.7) 

Females 	i 	8.1 19.3 11.4 
sd. 	(6.9) (io.i) (17.6) 

Male classes 

Adults 	x 	25.2 
sd. 	(i.o) 

1.8 
(i.) 

.8 
(.9) 

Subadults 	j 	 15.7 
sd. 	(4.9) 

6.0 
(3.2) 

6.9 
(4.1) 

Table 6.XflV 	The percent of each subject's aggression given in 

which it was allied with each male and female (i.e • mean dyadic 

percent). Means and standard deviations (brackets). 

Male allies Female allies Wilcoxon 

Male subjects (12) 3.4 0.2 T 	0,n 12 	pCOl 
(2.2) (0.2) 

Female subjects (is) 1.1 1.2 T 64,n 17 	u.s. 
(o.e) (0.7) 

Adult males (a) 3.9 0.1 T 	0,n 8 
(2.4) (o.i) 

Subadult males (4) 2.3 
(1.2) 

0.4 
(o.) n° test 
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allied with immatures significantly more than adults did (U = 1, 

n 4.8, p < . oi). These tables therefore suggest that subadult males 

showed alliance patterns intermediate between those of adult males and 

females, allying with females and young more than adult males did, but 

allying with males more than females did. 

6.7.8 Alliance and dominance rank 

Table 6.XXV compares subj ectst dominance ranks with their tendency 

to ally with each class (measured as mean dyadic alliance proportion). 

Lower ranking males allied more with females, in part no doubt due to 

the greater tendency of subadults, but the trend is apparent in each 

class. Secondly, low ranking adult males allied more with other males; 

these low-ranking adults tended also to be older (6.7.10  below). 

Thirdly, the higher ranking females were allied more with males. 

The dyadic alliance proportions were used to calculate mean 

proportions at each rank-difference as in 2.XflI c(i). Separate 

estimates were made for the dominant partners, and the subordinate 

partners, in each pair, but they provided similar patterns (Fig. 6.8). 

Considering only the dominant partners, the mean alliance proportions 

were greater at closer ranks, both in females (p < . oi) and in males 

(p < .05). The result among females was because all such alliances 

occurred within eight places of rank. Data presented below suggest 

that this result among males was because resident adults tended to ally 

frequently and to be closer in rank. 

6.7.9 Alliance, association, and grooming 

Preceding analyses suggested that subjects tended to groom their 

more frequent associates (4.4.2). 	Other studies suggest that alliance 

may be more frequent between grooming partners (Dunbar, 1980 

Seyfarth, 1980). Accordingly the distribution of alliances was 

compared with those of association and grooming. Alliances among 

females and between the sexes are examined first: then the more 

frequent alliances between males are analysed in greater detail. 

6.7.10 Alliances among females and between the sexes 

For each subject, every partner of a given sex was differentiated 

according to whether it was: 
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Table 6.XXV 	Dominance rank and alliance proportion. 

Comparisons between subj ectst dominance ranks and their mean 

dyadic alliance proportions with males and with females. 

Spearman r5  values, probabilities * <. 05, 	C01.. 

Dominance cf. Dominance of. Ally males cf. 
ally males ally females ally females 

Males 

all (12) -.154 -.739 -.074 

adults (s) _.857* -.43 1  .204 

subadults (4) .800 -1.000 -.800 

Females (is) .477* .041 .152 
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an associate: if the partner was nearest neighbour more often 

than the subjects  mean neighbour frequency with that sex 

(2.xflb). 

a g'roomee: if the subject groomed the partner more often than 

its dyadic mean rate with that sex. 

an ally: if subject and partner ever gave aggression in alliance, 

but excluding defensive alliances. 

The interactions between these measures were compared two at a time. 

For example, each subj ectts partners were classified within a 2 x 2 

matrix discriminating non-associates and associates, non-groomees and 

groomees, to assess whether more partners than expected were both 

associates and groomees. The general trend was found by pooling the 

matrices of all subjects and testing for the independence of the two 

measures by chi-square. Then the number of subjects who supported 

the overall trend was compared with the number who did not by binomial 

test. The results are in Table 6.XXVI. Thus the data at the bottom 

left show that among all male to female dyadth, the female was both 

non-associate and non-groomee in 112; she was an associate only in 53, 

a groomee only in 18, and both associate and groomee in 33. The latter 

figure is underlined to show it is greater than expected, and significantly 

so with X 15.93, p  <.001. 	It is also shown that 11 males showed this 

trend, one did not, which has a binomial probability of p C .01. 

The table therefore shows in column (a) that association and 

grooming coincided between the sexes, but not significantly among 

females. Column ('o) shows that alliance was not generally related to 

association, while column (c) shows that females tended to groom their 

allies in both sexes, but that the malest tendency to groom their female 

allies was not general to all males. 

6.7.11 Alliance and association among males 

Male-male alliances were so frequent that it was possible to compare 

proximity with how often they allied, rather than whether they did or 

did not as above. For every subject, the dyadic alliance proportion 

with each partner was compared with that expected if the partner had 

allied in a proportion equivalent to the percent of time he spent 

within 15m of the subject. 	The association frequency was estimated 

from the proportion of focal samples th=ough the minute for which each 
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Table 6.XXVI 	Estimates of the concordance between association, grooming, and alliance. 

2 x 2 tables show interaction between the measures in terms of dyads less (-) or greater than (+) 

average. In each part the measure listed first (e.g. Association in part a) contributes the rows 

of the matrix, the second measure the columns. The figures to right of matrix show how many subjects 

did (>) or did not (<) support the overall trend. 	Probabilities * <- 0 5, 	<.01, *** <-001 

a) Association/Grooming b) Association/Alliance 

Female to - 	117 86 10 	8 138 24 8 8 

N) 	 female + 	48 120 Zi 
2 2.92 .08 

01 
Female to - 	108 21 15 	1 111 18 8 4 
male + 	46 4j 68 jj 

2 22.68* 1.75 

Male to - 	112 18 11 	1 111 19 5 5 
female + 	53 68 18 

2 15.933-* 1.04 

c) Grooming/Alliance 

183 23 	 13 3* 
75z 

8.72**  

133 19 
	

12 2* 
46Th 

6.68**  

146 19 
33n 

13.89m 



male was seen within 15m of the subject, (2.V - 2.VIII), and reciprocal 

frequencies in each pair were averaged to reduce the variance. 

In every pair the observed numbers of interactions with and without 

alliance are compared with the number expected to be in alliance, 

according to this hypothesis, in Table 6.flVII (Appendix II). For 

each pair the expected number without alliance may be found by 

subtracting the expected in alliance from the total observed. For 

those, cells with an expected alliance greater than 5, the proportions 

observed and expected were compared by chi-square. The deviations 

from expected are patterned in a certain way which is summarised in 

Fig. 6.9. The pattern which emerges is as follows: 

Many of the pairs show very close correspondence between observed 

and expected (Table 6.flVII). This means that a number of alliances, 

although very frequent, cannot be considered exceptional given the 

association frequency between the partners. 

All of the pairs involving newcomer adults (the two left-hand 

columns and the two upper rows) showed less alliance than expected: 

and all testable showed significantly less, involving 13 pairs. 

PairS which include subadult males (the four right-hand columns, 

the four lower rows) nearly all show less alliance than expected, 

significantly in 17 pairs. 

Only in pairs of resident adult males (the remaining cells) was 

alliance more frequent than expected. Those significantly greater 

all involved male A5, who contributed to a high proportion of the 

aggression of A3, A4 and A7. 

6.7.12 Dyadic relationships 
Figs. 6.10, 6.11 and 6.12 all illustrate the rates per hour at 

which pairs gave aggression when in alliance together. The dyadic 

mean rates between the sexes, in Fig. 6.10 show that the males who 

allied most with females were the four focal adults, and the three 

younger subadults. When expressed as a proportion of the aggression 

given by each male (as dyadic alliance proportions) the higher 

proportions were found for these three subadults and A7, while the 

lowest are found for the two newcomers and A6. The figure also 

shows the tendency of higher-ranking females to ally more with males. 
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FIG. 6.9 
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Fig. 6.9. Alliance and proximity among males. The matrix 
illustrates for aggression given by subjects on the left the 
tendency for each partner (top) to act in alliance proportionally 
more or less than expected from the proportion of time he was 
within 15m of the subject. Data abstracted from Table 6.XXVII in 
Appendix II. Plus—signs indicate those who allied more than 
expected. 
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Fig. 6.10. Subjects' tendencies to act. in alliance with members 
of the opposite sex. Histograms show mean dyadic rate per 
hundred hours at which each subject gave aggression when in 
alliance with one or more of the opposite sex; defensive 
alliances are excluded. The same data are expressed below each 
histogram as the subject's mean dyadic alliance proportion 
with that sex, i.e. as the percent of the subject's aggression 
given in which allied with that sex averaged across partners. 



The allied pairs which were also more frequent associates and groomers, 

for comparison with data in Chapter 4, were P1 with A3, P2 with A5, 

P3 with A4 and A7, P5 with Al and A3, 17 with A5, and P13 with A7. 

Thus all involved females who were mothers or cycling females, and the 

males were all focal males except Al. 

The pattern of alliances between females is in Fig. 6.11. 	The 

tendency to ally at fairly close ranks is obvious: in this it resembles 

more the pattern of grooming (Pig. 4.14), which highlights grooming to 

close-rankers and to mothers, than the pattern of association (Pig. 4.6), 

which illustrates mainly the association between mothers. Pairs which 

allied and groomed each other above average involved P5 with P3, P6, 

and 17; P6 with 17 and P14; F8 with P11; Fl  with P17; and P12 

with P13 and P16 (from the analysis in 6.7.8). 

The dyadic mean rates of alliances between males in Pig. 6.12 show 

clearly the partnership between A3 and A5, and the latterts  links with 

the other resident adults. If the males are compared for the proportion 

of their aggression given in which they were allied with other males 

(as dyadic alliance proportions) the highest scores among adults are 

found for the older males A6 and AS, thereafter the four focal adults, 

and least the two newcomers, suggesting that older males were less likely 

to show aggression on their own (ref. 6.7.8a). 	Of the six most 

frequently allied pairs, three were frequent associates, and in three 

the dominant partner directed most of his agonistic behaviour (among 

all males) to the subordinate ally. Although A5 did not associate 

frequently with A6 or AS, he allied with both, and they both received 

more agonistic interaction from him than from other males. Thus 

allied pairs included frequent associates and antagonists (6. 1 0.30). 

6.7.13 	Conclusion 

These patterns of alliance must be understood not only in terms of 

who allied with whom, but also against whom (6.4 & 6.5). Considering 

female subjects first, their alliances tended to be with one another or 

with inmatures rather than with males, but this was much as expected 

from partner availability. When in alliance they gave aggression at 

highest rates to lower-ranking females, then uprank to males, and least 

to immatures. This distribution uprank to males but downrank to females 

is confirmed by Walters (1980) at Aznboseli. When females allied against 
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males their allies tended to be males (in 65% of 23 instances); but 

against females their main allies were immatures (54% of 26), while 

against iatures their main allies were females (470% of 45 instances). 

In females' relations with one another, three patterns were obvious. 

First, they allied more with those close in rank (also Seyfarth, 1976; 

Kaplan, 1977), who tended also to be grooming partners (also Seyfarth 

ibid.). 	This was evident in aggression to male, female, and immature. 

Secondly, their aggression to females was almost all doimrank, which 

supports Cheneyts (1977) conclusion that higher-ranking allies are 

probably more effective. Thirdly, much of this aggression was to 

females close in rank, again irrespective of the identity of the allies. 

It has already been suggested that they might only need allies against 

close-ranked competitors. However, in about half these interactions 

the allies were immatti-res, and in 9 of these 14 instances the recipient 

was the female adjacent in rank below the aggressor. This suggests 

that the females may have been supporting offspring against females of 

similar rank. If the immatures had solicited these as coalitions the 

aggressors would be likely to rank above the recipients (Cheney, 1977; 

Walters, 1980) but they would be unlikely to be so often next in rank 

above unless the matures were soliciting their mothers against targets 

selected according to maternal rank (as described in Walters, ibid. 

pp. 72-73). Alternatively, the pattern corresponds to that expected 

of females close to the motherst rank aiding the offspring (Cheney 

ibid.). The fact that the recipients were so close in rank suggests 

that these interactions were concerned with acquisition of dependent 

rank within, or between close-ranked, matilines. Similar processes 

may underJ.y the tendency for females to ally with close rankers. 

However Cheney (1977) has proposed that this pattern might be produced 

without kinship if (a) high rankers are more attractive as allies, 

because more effective, (b) these high rankers gain least from helping 

lower rankers, and (c) females learn to ally most with those who 

reciprocate: then reciprocation and alliance would be more frequent 

at close ranks. 

Packer and Pussy (1979) proposed that in contrast to macaques, 

alliances between female baboons are ineffective in limiting the entry of 

males into troops, and the data here support this in that only BY of 

aggression given by females to males was by female-female alliances 
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(n = 50 incidents). Alliances between males (see below) are probably 

fax more important. 

Alliances between females and males coincided with the females' 

grooming partnerships (also Seyfarth, 1978b). Incidents in which 

females allied with subadult males tended to be against females or 

young (io of 13 instances), while those in which they allied with 

adult males were more often against adult males (io of 15 instances), 
most against newcomer adults. The latter, with the fact that their 

allies were more often the focal adults, suggest that males' involvement 

in females' allied aggression depends upon their seniority. The 

occasions on which males aided females against other males most often 

involved mothers. 

Subadults showed proportionately more alliance with females than 

did adult males, perhaps in accordance with their kinship as natal 

males; and among them the younger ones were most involved. Walters 

(1980) also noted that subadults intervened in disputes of females and 

young more than did adult males. In their alliances against females 

and young, subadults allied with all classes; but when allied against 

adult males, their allies were much more likely to be other adult males. 

It was conspicuous that adult males allied very frequently with 

one another, and against one another. This accords with the intensity 

of male-male antagonism revealed by dyadic interactions. The fact that 

females and iminatures allied with them less was in part because they 

were not involved in such antagonism, since 43% of polyadic aggression 

between males was in competition over oestrus females. But as Packer 

(1977b) explains, intervention by a non-male into a dispute between males 

would do little to affect the outcome, and provide little benefit for 

the intervenor. Most alliances of this sort were directed against Al 

and A2, and often involved many animals in concerted chasing of these 

males. 

The alliance partnerships between males strongly reflected their 

association together (as in Hall & DeVore, 1965;  Saayman,  1971b). 

The low involvement of the subadult males may reflect the infrequency 

of their involvement in competition for oestrus females, but more likely 

illustrates Packer's argument (above). The low alliance scores of the 

newcomers may be because they were unfamiliar with the residents, or 
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because as young adults they lacked the necessary social skills; 

Packer (1979a) found that older males solicited alliance more successfully. 

In contrast, frequent alliances between resident adults suggested that 

their familiarity had allowed development of co-operative aggression. 

Their antagonism against the newcomers in part reflected the high 

consorting activity of these two, but it also paralleled a number of 

reports that older males tend to ally against younger adults (saayman, 

1971a, 1972 .; and Ransom, quoted in Nash, 1976, p.66, provides a clear 

example), and that there is antagonism between resident and unfamiliar 

males (Hamilton at al., 1975; Packer, 1979a). 

The relationships of alliance here were very close to Hall and 

DeVore's concept of a tcentral hierarchyt  which was originally described 

in tens of alliance. The significance of this pattern is stressed by 

Bernstein (1976)  in that it extends males' competitive ability past 

their physical prime, as also in gelada females (Dunbar, 1980 ). This 

is entirely plausible, and illustrated here in that the older males 

showed alliance with males in a higher proportion of their aggression. 

However, the frequent agonism between members of some of the more 

commonly allied pairs (Fig. 6.12, cf. Figs. 6.18-20) shows that 'central 

hierarchyt relationships are fax from being affiliative. It is more 

likely that they arise because immigration of newcomer males presents 

a threat to the reproductive potential of the residents, who therefore 

benefit by allying against them. Although many such alliances were in 

competition for females against the newcomers, yet short-ten interest 

in a female cannot explain the readiness with which A5 repeatedly aided 

A3 for very little return (8.3.14). Thus while baboons may learn to 

ally only with partners who reciprocate (Cheney, 1977), the presence of 

assertive newcomers may provide a more immediate pressure for the 

formation of alliances which may be reciprocal, such as those documented 

by Packer (1977b). 
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S. APPROACH INTERACTIONS BETWEEN MALES 

6.8.1 	Introduction 

Most field studies of baboons characterise the relations between 

males as antagonistic (e.g. Hall & DeVore, 1965; Stoltz & Saayman, 

1970; but of. Howell, 1966a)  and compare their dominance rank and 

rates of approach-retreat and aggression. However there are a number 

of interactions between males which, while not obviously affiliative, 

do not fall into these categories of agonism. Nearly all accounts of 

baboon behaviour make brief reference to interactions which include 

presenting, mounting, touching genitals, and other forms of contact. 

Only two studies have analysed them in detail. Kummerts (1968 ) 

description of hamad.ryas baboons recognised such behaviours during 

the co-ordination of travel (the I-]) system) and in the relationship 

between follower and leader males of a unit, leading to a series of 

experiments on dominance, possessiveness, and inhibition which involve 

such behaviours (e.g. Kummer at al., 1974, 1978). More relevant here, 

Sugawara (1979) has analysed the relation between dominance and contact 

interactions in hamadryas/olive-baboon hybrids. 

This section analyses the distribution of three types of interaction 

among adult and subadult males. They are referred to as approach 

interactions, since all occurred within arms' reach but were not 

included as supplants or aggression. They are passes, when one male 

approached and left another without stopping or making contact: 

contact, when two males exchanged a variety of gestures including 

presenting, standing in contact, arm-round, chewing of cheek-fur, 

handling genitals etc.: and mounts, a particular category of contact. 

For definitions see Appendix I.B iv & v, C xvi. Although a few of 

these interactions occasionally appeared playful (e.g. cheek chew) they 

were more often tense (6.8.6). 	The procedures of analysis are exactly 

those used above for supplants. 

6.8.2 Rank-direction of aDDroaches 

Table 6.flVIII shows that the three types of approach showed similar 

proportions of about 26%uprank  (z2  heterogeneity 0.01, d.f. 2, n.s.). 

This was the same direction constancy as solo aggression between males 

(comparing approaches and solo aggression: x 1.26, d.f. 1, p .30, n.s.). 
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Table 6.XXVIII 	Bank-direction of approaches between males. The percent 

downrank is indicated. Calculated from all dyadic interactions, including animals 

in consort and carrying infants. Chi-squared compares distribution with 50:50 

expected. Wilcoxon compares subjects' dyadic mean rates in each direction. 

9' 
Behaviour n downrank 

2 
p Wncoxon 	p 

Pass 107 75.8 24.3 <.001 T--11,n 10 	n.e. 

Contact 154 74.0 35.6 <.001 T=10,n 10 	n.e. 

Mount 78 74.4 18.6 <.001 T--16,n 9 	n.e. 



However comparisons of individuals' scores revealed that these tendencies 

were not common to all males. For example, interactions were given at 

higher rates to dominants than to subordinates in passes by A2, 

contact by A7, and mounting by S2. 

6.8.3 Class-distribution of male approaches 

Subjects 2  rates of approach interaction uprank and downrank were 

used to compare adult and subadult males. No significant differences 

were found in the rates at which adult and subadult exchanged these 

behaviours (Table 6.xXIX): mean rates received by adults tended to be 

higher than those received by subadults. Thither analyses of these 

data to see whether the classes gave approaches equally to adult and 

subadult revealed no differences uprank, but that downrank adults gave 

most to adults in terms of contact (T = 0 ± obs. con., n = 6, p . 05) 

and mounting (T = 1 ± obs. con., n = 79 p 	. 05). 

6.8.4 Dominance rank and rates of approach 

Halest dominance ranks are compared with their dyadic mean rates 

of approaches (a) given and received with all males; and rates given 

(b) uprank and (c) downrark separately, in Table 6.X)0C. Their overall 

rates are also compared with time spent in proximity to other males. 

The conclusions are: 

(i) Higher-ranking males tended to give more approaches, significantly 

so in passing and mounting. The same tendencies existed among adults, 

significantly for passing, and among subadults. 

Considering rates only downraak, and thus accounting for the 

availability of subordinates, these tendencies disappeared; but higher-

ranking males still mounted more than expected from their position in 

the hierarchy. 
There were no indications that low-ranking males received more 

approaches overall. However, this may have been because subadults 

tended to receive less (see above): among adults alone, lower rankers 

did tend to receive more, significantly in the case of mounting. 

The males who were most often near other males gave more contact 

to subordinates. 
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Table 6.JCCIX Approaches between male classes. Mean dyadic 

rates of approach interactions of each class, comparing rates 

uprank and d.ownrank separately by Mann-Whitney U-test. Results 

of comparisons on scores corrected for observability given in 

brackets only if different from uncorrected. Probabilities all> .05. 

Uprank Downranlc 

Adult Subaduj.t Adult Subadult 

Rates Riven U(n4,7) U(n3,8) 

Pass .24 .09 .26 .41 
ad. (.32) (.ii) (.ii)  
test 10 7(8) 

Contact 	i .16 .16 .42 .34 
ad. (.12) (.io) (.38)  
test 12(12) ii(ii) 

Mount 	i .05 .08 .19 .04 
ad. (.07) (.ii) (.20) (.os) 
test 12(13) 4(5) 

Rates received U(n3,8) U(n4,7) 

Pass 	i .11 .04 .54 .24 
ad. (.04) (.08) (.29) (.16) 
test 5(7) 6(7) 

Contact 	5E .14 .08 .52 .40 
ad. (.06) (.os) (.29) (.i) 
test 5(7) ii(ii) 

Mount 	x .08 .04 .34 .08 
ad. (.03) (.os) (.26) (.07) 
test o(a) 6(7) 
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Table 6.XXX 	Male approach interactions and rank. 

Malest dominance ranks, and association frequency with other males, 

compared with interaction rates (a) exchanged with all partners, 

(b) given to dominant partners, and (c) given to subordinate partners, 

using dyadic mean rates. Spearman r5  values, repeated with observ-

ability corrections (in brackets): probabilities assigned only if 

confirmed with this correction, <-05, **< .01 

(a) with all partners 

12 males 8 Adults 4 Subadults 

Dom.rank Male assoc. Dom.rank Dom.rank 

Pass given .762 -.322 .952 .809 
(.727) (=) (.881) (=) 

Contact given .504 .133 .595 .400 
(.483) (.175) (.667) (4 

Mounts given .636* .070 .714 .800 
(.664) (-.168) (.69 1 ) (=) 

Pass rec. .035 -.021 -.429 .400 
(-.035) (-.056) (-.$) (=) 

Contact rec. -.09 1  .035 571 .800 
(.000) (-.189) (

-.
-.595) (i.000) 

Mount rec. .09 1  -.224 _.714* .400 
(.084) (-.259) (-.738) (=) 

(b) Given uprañlc (ii males) (c) Given downrank (ii males) 

Dom.rank Male assoc. Dom.rank Male assoc. 

Pass given .541 .028 .191 .227 
(.523) (.009) (.082) (-.082) 

Contact given .327 .246 -.055 .636* 
(.346) (.082) (-.182) (.700) 

Mounts given -.307 .470  .835 -.330 
(-.289) (.405) (.872) (-.468) 
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6.8.5 Dominance rank-difference and rates of approach 

The mean rates of approach between males at each rank-difference 

are compared in Fig. 6.13; and the numbers of subjects with first 

partners within and beyond two rank-places are compared with the numbers 

expected from availability in Table 6.WI. Two significant results 

emerge: 

Males contacted more distant-ranked subordinates progressively less. 

Males tended to pass subordinates within two places of rank more 

than other subordinates. 

6.8.6 	Conclusions 

These approach interactions should be considered alongside the more 

intense agonistic interactions already described (6.10 below). However 

there are some details which may be considered separately. In their 

direction constancy downrank, they were strikingly similar not only to 

one another but also to solo aggression. This substantiates Sugawara's 

(1979) conclusion that mounting is a behaviour of dominant partners, 

and this appears to be true also of passing and contact. However, while 

all behaviours tended as a result to be given more by higher ranking males, 

yet the lower rankers did not tend to receive more: this was mainly 

because low-ranking subadult males received less than did the lowest 

ranking adults. This is explained in that most interactions occurred 

downrank among adults, and the highest dyadic rates of contact and 

mounting were between resident adults. This alone may be the reason 

that contact was more frequent at closer ranks. 

Dyadic rates of approach interactions are illustrated in Pig. 6.17. 
Some males were conspicuous for their high interaction rates: A3 

gave all behaviours unusually frequently, mostly to A4, A5, and other 

resident adults. 52 gave more of all three than expected from his low 

rank, and A5 gave much contact especially to A3, A6, and A7. A5 also 

received many contacts and passes, as did 53 many passes, 52 many 

contacts, and A7 was mounted often especially by A3. 

It has already been mentioned that these interactions often appeared 

tense. The few that were recorded as play were between subadult males, 

and it was conspicuous that S4,  as lowest ranking male, was involved in 

fewest approach interactions. The remainder, however, appeared purpose-

ful and assertive, and several contact interactions caused the recipient 
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Fig. 6.13. Dominance-rank difference compared with rates of approach 
interactions between males, as dyadic mean rates per hundred hours. 
Caption as Fig. 6.3. Spearman r 5  values compare rate and rank-differ-
ence. * p < .05. 
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Table 6.XXXI 	Rank-difference and male approach. The number of first- 

recipients of male approaches within and beyond two dominance rank places 

from the donors. Binomial probabilities two-tailed. 

Up rank 	 Doi.mrank 

rank-places 	1-2 : 3+ 	 1-2 	3+ 

Pass 	obs. 	4.3 	2.7 p . 10 	
8 	3 	p <. 01 

exp. 	2.4 	4.6 	 3.5 	7.5 
N) 
(N 

Contact cbs. 	4 	6 	100 	5.5 

exp. 	3.2 	6.8 	 3.1 	6.9 

Mount 	obs. 	3 	4 p .68 	2 	6 
p1.00 

exp. 	2.0 	5.0 	 2.1 	5.9 



to be supplanted, or even to turn and attack. When A3 was in consort 

with a female whom he appeared to prefer (8.5.1) he initiated contact 

interaction with other males at an increased rate, although no male 

in consort ever actually mounted another male (cf. Hall & DeVore, 1 965). 
In the field, many of these interactions appeared to be attempts 

to supplant other males. This may explain the frequency of contact and 

mounting among resident adults, because they often associated, and were 

probably familiar enough to approach one another more often than the 

newcomers. A more general explanation, which would also account for 

the 26% of interactions directed uprank, would be that they represent 

a way by which a male may test his competitors, at low risk, and so 

continually re-assess the current dominance relationships. For example, 

52, not yet of full size, directed most aggression dowiarank, but he 

approached at very high frequency uprank. In contrast ageing A7, 

presumably attempting to defer a decline in rank with age, directed the 

majority of both approaches and aggression at his dominants. 

9. MALE- fl1PMT ThTACTI0N 

6.9.1 	Introduction 

Many field studies of baboons report distinctive interaction between 

adult males and infants. is in other primates, these vary between the 

extremes of care by males, and exploitation (Deag & Crook, 1971; Hrdy, 

1976; Packer,  1980). Males show great interest in black infants, and 

are very protective to them (e.g. DeVore, 1963).  They also carry infants 

while interacting with each other, and while this may represent protect-

iveness to the infant yet it also alters relations between the males 

such that the one carrying the infant may become temporarily dominant 

to the other, and less likely to be threatened (Packer, 1980; also 

Kummer, 1967).  This is most obvious when a male under threat inhibits 

his antagonist by gathering up an infant, as reported by Rowell (1967b), 

Stoltz & Saayman (1970), Ransom and Ransom (1971) and Altmann (1980). 

Such interactions fall within the definition of agonistic buffering 

(Deag & Crook, 1971) and are considered exploitative because they risk 

stress or injury to the infant (Seyfarth, 1975; Hrdy ibid.; Packer 

ibid.). 	Similar interactions are reported in hamadryas (Kummer ibid.), 
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geladas (Dunbar Dunbar, 1975; Non, 1979)  and mangabeys (Homewood, 

1 975; Struhsaker & Leland, 1 979). 

The following pages describe 381 interactions between males and 

infants, including 57 instances where one male carried an infant while 

interacting with another male. The former axe referred to as male-

infant interaction, the latter as male use of infants. They are 

analysed to compare the males in this respect; and to look for male 

selectivity among infants, because the explanations of such interactions 

hinge upon the possibility of kinship between male and infant. 

6.9.2 Behaviours and contexts 

Behaviours: The malest behaviour to the infants was categorised 

as interest (peering or vocalising at the infant, often within arm's 

reach); manipulation (handling or grooming the infant, both on or off 

the mother); and carrying (standing, with the infant clinging dorsal 

or ventral on the male) as defined in Appendix I.B xii-xv. These 

behaviours occurred at a mean rate per hundred hours of 9.8 times for 

each adult and 2.0 times for each subadult male. The former rate was 

about twice that at which female subjects groomed other females (4.57 

times) so that male-infant interactions were comparatively frequent. 

Contexts: Table 6.GOCII presents two classifications of the context 

of male-infant interactions. Some contexts were assigned in the field, 

the remainder were derived from the sequence of interactions on the 

checksheets, and so provide only a rough guide. The first classification 

is in terms of general social context (a): the second depends upon the 

interactions exchanged between the male who interacted with the infant 

and other males, within one minute on either side of the male-infant 

interaction (b). 

Most male-infant interactions occurred without any particular 

cause or context being recognisable to the observer. Very few were 

obvious responses to the distress of an infant, but closer observation 

of the infants might have revealed more. A few interactions appeared 

possessive, when two males competed for access to a mother-infant pair, 

and included grooming of the mother. It is not clear whether males 

were more likely than usual to interact with infants when consort pairs 

were near, but some interactions were clearly in response to their 

presence. However the most frequent context was when the male was 
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Table 6.XXXII 	The 381 male-infant interactions classified (a) according to general context, and 

(b) according to the male's interaction with other males during, or within one minute of, interaction 

with the infant. 

(a) General context % (b) Male-male interaction context 

Near a consort pair: 	including 9.1 The male gives interaction to another male (0.91/0 3.0 

0.5% when the male was near consort with aggression, 2.1% without) then within 1 mm. 
aggression and 2.6% in which actually interacts with infant. 
involved. 

Close to males interacting 2.9 The male receives interaction from another male 10.9 

N..) agonistically (mostly chases) (3.49/6 with aggression, 7.59/6 without) then within 
1 mm. interacts with infant. 

UJ 

The subject is involved in 26.5 The male interacts with infant, then while 3.4 
male-male agonism or obviously carrying it gives interaction to another male 
tense situation. (1.4% with aggression, 2.0% without). 

The subject interacts with the 1.6 The male interacts with the infant, then while still 7.4 
infant in apparent possessiveness manipulating or carrying it receives interaction 
with respect to another male. from another male (4.2% with aggression, 3.2% without) 

The subject interacts with the 0.5 No male-male interaction during or within one minute 75.3 
infant in apparent response to of interaction with infant. 
infant's distress. 

Nothing unusual 	 59.6 



Table 6.XXXIII 	The types of male-male interaction in which 

one of the participants carried an infant. 

% carries infant ppn. by donor 

Pass 107 10.3 .55 

Contact/Mount 246 .4 (o) 

Avoidance 146 .7 (i.o) 

Supplant 539 2.0 .18 

Solo aggression 378 8.5 .34 

Allied aggression 245 .4 (i.o) 

64.07 
if. 5. 	p<.001 
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involved in agonistic interaction or obvious tenseness with nearby 

males. Thus males would interact with infants immediately at the 

outbreak of agonism nearby, and about 14% of interaction occurred 

immediately alter exchange of agonism with another male. A further 

io% involved males who carried infants while interacting with other 
males: more of these were in receipt of agonism, and in 4.2% of all 

cases this was aggression received, mainly chasing. Males also 

interacted with infants when among males gathered at a meat-eating: 

and on four occasions a male withdrew from competitive aggression over 

an oestrus female by interacting with an infant. 

Table 6.XXXIII shows that infants were not carried equally often 

in all kinds of male-male interaction. Infants were used more frequently 

by the recipients of supplants and solo aggression, and by donors 

and recipients of passes. 

6.9.3 The malescompared 

Adult males did not interact with infants at significantly higher 

rates than did subadults (u = 12, con. obs. 11, n 4.8, n.s.), but as 
in several measures of male-infant interaction the subadults tended to 

score below the median adult. 

For all males were calculated five different estites of involve-

ment with mothers and their infants, including infant-use. These are 

illustrated in Fig. 6.14. 	It is clear that males who spent most time 

with mothers also interacted more with infants (r 0.860, con. obs. 

0.895, p <.oi). 	Secondly those who interacted more with infants 
also carried them in a higher proportion of their interaction with other 

males (r 0.897,  con. obs. 0.886, p  <.oi), despite the fact that only 

10.8% of infant interactions comprised infant use. Other data confined 

that those males who carried infants in a higher proportion of inter-

actions given also carried them in a higher proportion of interactions 

received (r5  0.630 , p <.05). 
The males who interacted with infants most were resident adults 

A3, A4,  AS, and A7: these and Si and AS (who interacted less frequently 

with males) also used infants in a conspicuously high proportion of 

their male-male interaction. Interaction-rate with infants was not 

related to the males' dominance ranks (r -.119, corr. obs. -.053,  n.s.) 

nor to the time they spent in 15m of other males (r .354, corr. ohs. 
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FIG. 6.14 
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Fig. 6.14. The twelve males compared for five measures related to infants. 
Males arrayed in descending order of dominance rank from the left, with 
subadults cross-hatched. The measures are: a) percent samples with mothers 
as nearest female neighbours; b) rate of interaction with infants, per 
hundred hours per male; c)percent of interactions with other males in which 
carried infant; d) percent of all interactions with other males in which the 
ether carried an infant; e) the percent of all 31 male-infant interactions 
(excluding the male's own) for which he was within 25m at the time. 
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319, n.s.). 

When males were carrying infants their interactions tended to be 

with high rankers (Pig. 6.14d). 	The proportions of each male's 

interaction in which the opponent carried an infant was greater for 

higher-ranking males (r .83 6 , p < .01: test repeated without new-

comers Al and A2, r .745, n 10, p < .05), but not obviously higher 

for those who spent more time near mothers (r -.180, n.s.). 	In the 

23 pairs of males between whom infant use was seen, the user was the 

subordinate in 16, and the dominant in 3, while both used infants in 4: 

corresponding proportions cited by Packer (1980) were 14, 7, and  4 

respectively. It was shown above that males used infants more in 

interactions received than given (Table 6.JccCIii) and this was true 

of seven of the eight males who used infants at all. In the 36 

interactions received by males carrying infants, 89 1/6 were downrank, 

in accordance with the majority of male-male interaction. But in the 

21 interactions where the donor carried an infant, 62% were ixprank, 

attributable especially to A3, A5, A7, and AS. 

Other features of Fig. 6.14,  a to d, axe:(i) the relatively low 

involvement of subadult males in infant-interaction and use; and 

(ii) the marked contrast between the newcomers (Al and A2) and the 

resident adults. The newcomers spent least time near mothers, and 

neither interacted with nor used infants, but they had infants carried 

against them proportionately more than other males. 

The sociogram in Fig. 6.15, shows the number of times each male 

interacted with each other while carrying an infant, including inter-

actions given and received. The majority of infant-users carried 

them against newcomers Al and A2, accounting for 449/6 of the 57 

interactions. But resident adults also used infants against one 

another (also in 44%). The subadults were little involved. 

6.9.4 Proximity to male-infant interaction 

Males often interacted with infants in apparent response to the 

presence or behaviour of a nearby male. Therefore at each male-

infant interaction was recorded the identity of all other males within 

25m radius. 	Fig. 6.14e shows the percentage of all male-infant 

interaction (except his own) for which each male was near. Those 

nearby most often tended to be the higher rankers (r .937, p <.01) 

238 



I 	
t 1-3 

Number 
of 4 -6  

times 	 - 1-9 

FIG. 6.15 

USE OF INFANTS 

flg. 6.15. The number of times each male carried an infant when 
interacting with another, irrespective of which male was the 
active partner in the interaction. The arrows run from the male 
carrying the infant to the interaction partner; all 57  such 
interactions are shown. Males arranged in order of dominance 
rank descending anticlockwise from the top. Adult males are the 
solid triangles, subadults the double triangles, numbered by 
dominance rank within class. Adults 1 and 2 were the newcomers. 
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even discounting the newcomers (r .963, n 10, p c .oi). 	This was 

unexpected because high-rankers were not near other males more often 

(4.2.7), but was consistent with the fact that most interaction-

partners of infant-users were higher rankers (Fig. 6.14d). 

Furthermore, in 74 male-infant interactions it was possible to 

identify one of the nearby males as 'responsible' for the male's 

interaction with the infant, either because it had just shown agonism 

to the male who then interacted with the infant, or because it was 

chasing other animals nearby. These males most often 'responsible' 

tended again to be high rankers, who were responsible for a higher 

proportion of those interactions which they were near than were lower 

rankers (r5  .911, p < .01: discounting the newcomers, r .923,  n 10, 

p < .oi). On this measure the most prominent males were the newcomers, 

Al (31%)  and A2 (32%): followed by the focal males and the large 

subadult, A5 ( 1 9%), A4  (170/0)  Si (16%)  A3  (15%)  and A7 (13%). 	All 

others were below 10%. 

6.9.5 Nalest selectivity between infants 

The following analysis is largely devoted to the interactions of 

four males, A3, A4, A5 and A7, who between them were responsible for 

86.1% of male-infant interaction and 62.5% of male-infant use. In 

609/6 of all interactions the infant could be identified, and the males? 

'choice' of these infants was analysed in tens of the infant's identity, 

age, sex, and maternal rank. 	'Access' was also estimated as the 

proportion of the male's interactions with each in which he carried 

the infant. 

6.9.5a) Characteristics of the infants Male-infant interactions 

involved black rather than brown infants in 66.1% of cases, which is 

significantly more than expected from their availability among all 

infants of 400/6 (x2  329.7 1 , d.f. i, p < .00i). 	However, when males 

did interact with brown infants, they tended to carry them in a 

higher proportion of interactions than they did with black infants 

(T = 1, n = 7 males,  p <.05). 
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Fig. 6.16. The eight black infants compared for their interaction 
rates with males. They are numbered in order of the relative 
dominance ranks of their mothers; female infants are circled, and 
they are arranged in order of decreasing age from the left. 
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The eight black infants are compared for their observed interaction 

rates with males during the study in Pig. 6.16. The infants are 

differentiated in tens of age, sex, and maternal rank, but the data 

only suggest that age was important in that the four youngest received 

more interaction (u = 0, xx 4.4, p C .05). 	The earliest interactions 
of the three newborn infants were conuined to interest by the males: 

they were not seen to be carried until respectively the 5th, 5th, and 

the 3rd week of life (in order of age on the graph). 

Considering the decline in interaction rate with infant age, two 

male-infant pairs showed declines in interaction in the 12th week, two 

in the 14th, and one on the 18th, although one pair still interacted 

frequently in the 24th week. 

6.9.5b) Identity of the infant Table ]CCCIV shows that the four males 

who interacted with infants most often differed in their choice of 

infants, and that for three males their most frequent partners among 

infants tended to be offspring of their more frequent associates among 

the mothers. The exception was that A3 interacted at a high rate with 

the newborn infant of P18 who was not a frequent associate of his. 

The data in Table 6.JOGCIV, when compared with the male-female 

partnerships of association (Pig. 4.7) and grooming (Pig. 4.15) 

confirm these patterns. Male A3 carried the infant of his main 

associate and grooming partner P1 throughout the study. He interacted 

also with the infant of P2, and the newborn infants of P3 and P18 neither 

of whom were associates or grooming partners. In contrast, A4 inter-

acted almost entirely with the infants of frequent associates P1 and 

P3, with whom he also groomed. He carried P112  infant rather less 

than did A). Male A5 interacted especially with the infants of P2 

(till age 10 weeks) and P14 (throughout); both of these mothers, 

especially P2, were his associates and grooming partners. The 

infant of P14 was also a frequent partner of A7, who associated with 

the mother; 	this male was also the first one seen to carry all 

three of the newest infants, whose mothers P3, P12, and P18 were all 

his grooming partners. 

Although there were insufficient interactions with recognised 

infants to detenine conclusively which males interacted with or used 

which infants against which other males, the distribution of interactions 

allows the following statements. 
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Table 6.XXXIV 	Selectivity in males' interactions with infants. For the four males who interacted 

most often with infants are shown (a) the number of their interactions with each one, and (b) the 

Spearman r5  values obtained when their interaction rates with each infant were compared with their 

dyadic neighbour frequencies with the respective mothers. Finally, column (c) shows how the mothers 

of the two main infant partners ranked among the eight mothers in order of neighbour frequency to the 

male. The infants are named by the dominance ranks of their mothers. 

(a) Interactions with each infant (b) Interaction rate (c) Association rank 
and association with of 2 main mothers 

Infants mothers 

NJ 1 2 3 8 12 14 16 18 r 	p(n—.=8) let 	2nd 

Males 

A3 7 8  5 2 2 2 3 10 .139 	n.s. 2 	8 

13 0 15 1 0 2 0 0 .944 	<.01 1 	2 

AS 240 1612070 .826 	(.05 1 	3 

A7 3020371045 .922 	<.01 2 	L 

x2  (pooling infants 8,12,16 and 18), 133.95 

pI(.0o1 



No infant interacted exclusively with any one male, nor any male 

with any one infant. Most infants had two more frequent male partners. 

When pairs of males interacted particularly often with the sane infant 

(as did A5 and A7 with P14 2 8 infant), one male interacted appreciably 

more than the other. Males did not select a particular infant to 

interact with when near a particular other male. In 15 pairs in 

which both males interacted with infants when near each other, 10 

shared interaction with the same infant, at different times when the 

other was near. Finally, in the 13 cases where the four males in 

Table 6.JCCCIV used reco gnised infants, eight used infants who were 

their first or second interaction partners in that table. 

6.9.6 Discussion of male-infant interaction 

It is not known which males had fathered the infants observed in 

this study. The newcomers could have fathered at most the two born 

at the end, but these infants accounted for only 70/6 of interactions of 

recognised infants. 	In contrast, the six resident adults (plus three 

who emigrated before the study began) could have fathered any of them, 

and data presented in Chapter 8 suggest that among them the prime-age 

adults would have done most of the mating before Al and A2 joined the 

troop. The preceding data show that it was just these males - the 

higher ranking resident males, the possible fathers - who interacted 

with infants most. The fact that they tended to interact especially 

with the infants of those mothers with whom they shared affiliative 

bonds (at least in the short-term) suggests that some of them were even 

more likely to be the fathers of the infants concerned (from descriptions 

of longer-term bonds in Ransom & Ransom, 1971;  Seyfarth, 1978b; 

Altmann, 1980).  Their interaction with their infant partners occurred 

not only in relaxed social contexts, but also when there was more risk 

of aggression both to the male and the infant, which is consistent with 

previous evidence that males care for and exploit the same infants 

(Altmann ibid.; Packer, 1980). 

The males who interacted most with infants did so especially with 

respect to hi-ranking males, by interacting with infants when they 

were near and in apparent response to their behaviour, and by carrying 

infants against them. They did this especially with respect to the 

newcomers, the males least likely to be the fathers; frequent use of 

infants against newcomers was also reported by Ransom and Ransom (1971), 
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Buskirk et al (1974) and Nash (1976). However, they also did this 

against other resident adults and subadalts, more so against the high 

rankers who were more likely to include the fathers. The observation 

that newcomers did not interact with infants at all agrees with a 

tendency reported by Packer (1980), although the opposite pattern may 

occur in geladas (Dunbar & Dunbar, 1975). 

In all, the identities of the males who interacted with infants 

suggests that males who might be the father do so most, and they do so 

with respect to males who are probably not the father as well as to 

other males who might be, and that their access to particular infants 

is mediated through their relationships with the mothers. The fact 

that pairs of males shared frequent interaction with the same infant 

suggests either that males do not limit interaction to their own off-

spring, or more likely that they cannot recognise them. Thus if they 

selectively interact with infants that axe more likely to be their 

offspring, as reported by Altmann (1980; but cf. Packer, 1980), this 

selectivity must be determined by familiarity with the mother, as is 

apparently the case for some selectivity in infanticide (Angst & 

Thommen, 1977; Erdy, 1979b). 

To interpret males' relationships with infants it is necessary 

to account both for care and exploitation. The probable adaptive 

significance of the first is that males may protect infants which are 

likely to be their offspring. While few interactions were obviously 

protective, many could be adequately explained in this way, as when 

males gathered-up infants at the proximity of a newcomer or high 

ranker, or at the outbreak of aggression nearby. This is supported 

also in that it was the possible fathers who interacted most. This 

distinction between males as possible or not possible fathers is made 

because of the question of infanticide. Infant-killing has been 

attributed to immigrant males in a variety of cercopithecines 

(reviewed in Angst & Thommen, 1977; Erdy, 1979b), and in theory 

immigrant male baboons might increase their reproductive success in 

this way (Altmann eta, 1978). 	There are indeed scattered reports 

of baboon males killing infants (Saayman, 1971b; Nicolson in Hrdy, 1979b; 

Altmann, 1980; Busse, 1980; Packer, 1980),  but insufficient to 

conclude that it is a purposive behaviour of immigrant males. The 

reason it is so infrequent may be that male reproductive tenure in 
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multi-male troops is probably longer than in the one-male groups where 

infanticide is more commonly reported, so that other reproductive 

tactics might be more expedient. This is particularly likely in the 

face of resident males' protectiveness of inmatures (Packer, 1979a), and 

the co-operation in defence shown between these and other troop-members 

(Smuts in  Urdy,  1979b).  At Huaha, for example, a large part of 

females' aggression to males, and most 'gang attacks', focussed on 

the two newcomers (6.11.1). However, there may still be a risk of 

infanticide (Hamilton & Busse, 1980),  although it may not explain all 

male-infant interaction since 60% of the cases of males carrying infants 

(N =209)  occurred when neither of the newcomers was within 25m. Also 

the resident adults interacted very much with infants when near one 

another, yet infanticide risk among residents is theoretically less 

because of uncertainty about paternity. 

The second facet of male-infant interaction that requires explan-

ation is why males exploit infants. The data here were insufficient 

to confirm Packer's (1980) observations that males carrying infants 

receive less threat but gain increased dominance. However, the 

contexts of many interactions were completely consistent with this, 

especially in the timing at which males interacted with infants (when 

near high rankers; or after interaction with another male, etc.) and 

in the malest  ability to withdraw from agonistic exchanges by so doing 

(also Gilmore, 1977; Seyfarth, 1975). More obviously, males used 

infants offensively by gathering them up before approaching and passing 

another male (also Gilmore ibid., but not in Seyfarth ibid.), behaviour 

which appeared to increase rather than reduce the risk to the infant. 

Why a male should be able to gain such advantage is not clear. 

Popp and DeVore (1974)  suggest that a male carrying another malets 

offspring may deter a male who might be the father from attacking, 

effectively as a hostage. While this theory might explain agonistic 

buffering between female japanese macaques (Kurland, 1977, p.115), it 

is inconsistent with the absence of infant-use by newcomers in this 

study, although it cannot be discounted in interactions between resident 

adults. Packer (1980) refutes this on similar grounds. Although 

Urdy (1976) predicted in similar vein that males should care for their 

own offspring but exploit offspring of others, the evidence is rather 
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that they care for and exploit infants that may be their own (see 

above). The logic of this might be that the infant-user, by risking 

his infant, advertises to his opponent the increased costs of any 

aggression he may receive, and therefore his greater likelihood of 

escalation (by analogy with Popp & DeVore, 1979, p.326), but a 

realistic explanation of its development might be as follows. Male 

baboons are well known to be intensely protective to some or all black 

infants (DeVore, 1963;  Hall, 1963 ; Rowell et., 1968; Seyfarth, 

1978b; Packer, 1980); this behaviour is so widespread that it may 

have a strongly genetic basis. Because this protectiveness is so 

intense, it is inevitable that baboons would learn to avoid any male 

who was protecting an infant or perhaps merely close to one. Conversely, 

the protecting males would learn the increased effectiveness of their 

agonistic behaviour when paired with a black infant. They could 

therefore rely on it (a) defensively, to avoid or withdraw from 

conflicts; and in some cases (b) to use it offensively, by carrying 

an infant when interacting with another male. The possibility that 

this is a learned response is supported by the marked individual 

differences in rates of interaction with infants seen even between 

the focal males, as also in Barbary macaques (Deag, 1980;  Taub,  1980b). 

Deag and Crook (1971)  also suggest that troaps differed in this respect, 

which again might implicate learning. 

Packer (1980) explains the apparent paradox that males care for and 

exploit infants which might be their relatives on the basis that the 

risk to the infant is so small that it is offset by the gain to the 

infant in protection, and the gain to the male in protectiveness and 

use, an example of mutualism. Male use of infants, as interpreted 

here, differs from other forms of social buffering in baboons in that 

it is derived from a particular response (defense of infants), and in 

that the male can move about while carrying the infant (provided the 

infant co-operates: Altmann, 1980), and so use it offensively as well 

as defensively. Although the interactions at Ruaha resemble some of 

the cases included as agonistic buffering in Barbary macaques (Deag 

& Crook, 1971), it remains to be seen whether the explanation given 

above might apply to the more elaborate exchanges of infants described 

for that species (Deag, 1980; Taub, 1980b). 
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10. RELATIONSHIPS AMONG MALES 

6.10.1 	Introduction 

The preceding sections have included descriptions of a number of 

aspects of behaviour between males, and the present section attempts to 

summarise these and to portray their dyadic relationships. Although 

a number of studies have biased their descriptions towards the behaviour 

of males (e.g. Hall & DeVore, 1965; Stoltz & Saayinan, 1970),  probably 

mis-representatively (Hausfater, 1975),  yet at Ruaha the frequency of 

agonistic behaviour between males exceeded that between females fax 

more than can be explained by observerts  bias. Relevant descriptions 

of male-male interaction may be found in Hall & DeVore (ibid.), 

Howell (1967b),  Saayman  (1971b),  Seyfarth  (1975):  while interesting 

case-histories are given in Altmann and Altmann (1970), Ransom (1971), 

Hausfater (1975),  Nash (1976) and Altmann (1980). 

The interactions between all males are summarised in six socio-

grains, Figs. 6.12, 6.15 and 6.17-20 (compare also Pig. 4.5,. association). 

Some behaviours have been combined, thus all approaches (Pig. 6.17) 

and avoidance and supplant (Fig. 6.18). The relative thickness of the 

lines is important within each sociogram, but cannot be compared between 

them since behaviours varied so much in frequency that the critical 

values differ in each case. 

6.10.2 The general pattern of interactions 

Different age-classes of males are compared below, but the general 

patterns coon to them all may be summarised first. 

6.10.2a) Rank-direction of behaviours Much of the direction and rate 

of interaction was determined by dominance and rank. In each pair, 

nearly all avoidance and supplant were downrank; an average of about 

70% of approaches and solo aggression were downrank, but about 70% of 

allied aggression was jrank. The exceptions to this were that three 

adult males gave more solo aggression uprank than down, and these three 

A5, A6 and £7, were all below median adult rank (Fig. 6.19). 	Secondly, 

three males showed marked tendencies to approach uprank, namely 62, 

53 and especially A7 who did so more than downrank. 

248 



6.10.2b) Rank-difference A number of behaviours were more frequent 

between closer rankers, but in most cases this could not be separated 

from the fact that focal adults both associated and interacted more 

(e.g. 6.6.3 & 6.7.9). 	However, the dyadic rates revealed a number 

of adjacent-ranked pairs between whom agonism was particularly frequent. 

Those in which the dominant gave interaction (all behaviours combined) 

more to the immediate subordinate than to any other were as follows: 

A4 to 15,16 to 17,18 to S2, 52 to S3, and 53 to 54. 	Both Si and 

A7 also gave comparatively frequent solo aggression to the male next 

above in rank. However, although dominance relations between adjacent 

pairs might be expected to be more ambiguous than in other pairs, the 

dyadic scores gave no evidence that in close-ranked pairs the subordinate 

was proportionately less likely to avoid than to be approached, nor 

less likely to be supplanted once approached, than in more distant-

ranked pairs. 

6.10.2c) Consortship Although males consorting swollen females may 

gain temporary increase in dominance (6.2.2, 6.7.3),  there was no 

evidence that males in consort directed more aggression uprank or 

downrank than usual. Rather, the direction of interaction of consort 

males reflected the rank-position of the main consorters and their 

rivals, notably in that rival males tended to challenge uprank when in 

alliance (8.3.10). 

6.10.3 Age-differences, and male-male relationships 

Adult males' differences in apparent age closely paralleled their 

differences in dominance rank and seniority, so that the effects of 

age cannot be separated quantitatively. However it is possible to 

infer the influence of age by comparing the behaviour of the four 

distinct age-sets of males, as follows. 

6.10.3a) Subadult males The four subadults could be tentatively aged 

in order of increasing size, with 54 youngest, then 33 and 52 similar, then 

Si. They associated often with other males, and because of this and their 

low rank received large numbers of supplants. The youngest, S4, had 

the fewest interactions with other males: both 52 and 53 tended to 

approach higher rankers, especially S2 who was also the most frequent 

suppantee of nine other males (Pig. 6.18). 	The younger three differed 
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Figs. 6.17 & 6. 18. Non-aggressive interactions between males. Dyadic rates of interaction between pairs, mt 
which the arrows run from donors to. recipients. Males arranged anticlockwise in descending order of dominance 
rank, named by dominance rank within class. In Fig. 6.17, approaches combine passing, contacting, and mounting, 
and the links shown account for 5% of the 350 interactions seen. In Fig. 6.18, supplants given were combined 
with avoidances received in each pair, arrows running from the supplanter/avoidee; 699 of such interactions 
were seen, so that critical values are higher than in Fig. 6.17, and the arrows account for 51% of them. 
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from the lower-ranking adults in that they gave very little aggression 

uprank, whereas Si, who ranked among the adults, did (6.10.2b). 

However Si was not involved in aggression over oestrus females. The 

subadui.ts allied with males, females, and immatures, and sometimes used 

infants. 

In their relations with one another, subadults most conspicuously 

tended to supplant the subadult next below in rank (Pig. 6.18), including 

Si to 62 who was four ranks below in the whole male hierarchy. In their 

relations with newcomer adults, 62 approached Al quite frequently, and in 

turn was supplanted by him; and the subadultst allied aggression to 

males was most often to A2. However the subadultst main feature was 

that the younger three associated unusually with focal males A3, A4 and 

A5, and interacted often with them, mainly in receipt. The departure 

of Si from the troop did not follow any increase in aggression or 

supplants received from other troop-members. 

6.10.3b) Young adult males/newcomers Because of their high rank, Al 

and A2 were able to give agonism to all other males, but Al was particularly 

assertive and aggressive to his subordinates. A2 was more peripheral, 

interacted less, and was avoided proportionately more. They seldom 

allied with others, and did not use infants. Al supplanted A2 very 

often, but they exchanged much less aggression than either did with 

resident males.. Their most salient feature was that they directed 

frequent solo aggression to focal males, who in turn allied aggressively 

against them; both received much aggression from A) and A5 in competition 

for oestrus females. The resident males also interacted with infants 

with respect to these newcomers. 

6.10.3c) Prime-age resident males A), A4 and A5 were all focal males 

(in their association with mothers) and all three showed high rates of 

agonistic interaction, mainly with one another and with newcomers, and 

they allied and used infants frequently. Their relations with one 

another and with A7, the older focal male, were very conspicuous in that 

they spent much time in proximity, and this was reflected in their 

interaction. Thus they exchanged more agonism together than they did 

with other resident males, including frequent solo aggression and 

supplanting most of which fell upon A5 and A7. Despite this frequent 

antagonism, they tended to act in alliance together, not only against 

newcomers but also against one another and other resident males 
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(Pigs.. 6.12, 6.20). 	Thirdly, they most often interacted with and used 

infants, including with respect to each other. A3 and A5 were particularly 

assertive and aggressive, A4 rather less so, and the conspicuous pairing 

between A3 and A5 as associates, antagonists, and allies, is apparent in 

the sociograms. At least some of their antagonism was in competition 

for proximity to mother-infant pairs. Their interactions with older 

adults were less frequent, and accorded with their relative ranks. 

A6 and AS both allied with A5. 

6.10.3d) Older adults The common features of A6, A7 and AS were their 

low ranks, and their tendency to give proportionately more of their 

aggression in alliance. They also showed relatively high proportions 

of contact aggression in their solo aggression to other males (Collins, 

in prep.). Otherwise they differed. A6 and AS represent peripheral, 

older adults of low rank, who interacted at low rates with other males 

and relatively little with infants. The aggression they did show was 

more to the focal males than against the newcomers, although AS exchanged 

aggression with Al and appeared unusually resistant to APs attempts to 

supplant him. 	In contrast to these two, A7 retained several features 

of prime adults in his behaviour as a focal male (discussed above), but 

his tendency to approach and aggress uprank may represent a pattern of 

challenge by an ageing male of declining rank (6.8.6). 

6.10.4 	Discussion 

The pattern of relationships among the male suggest that dominance 

is related to age in the form of an inverted U-shape, the highest rankers 

being young adult and prime males (also Owens, 1975; Packer, 1979a). 

The low rank of the subadults appeared due to their size, since they 

were very assertive to one another in supplanting, but not assertive 

to adult males except possibly by approaching them; with the exception 

of Sl who showed them some aggression and was of full size. The data 

accord with other reports that subadults rise in rank as they approach 

adult size (Ransom, 1971; Altmann et al., 1977) and may attain high 

rank among adults, but that subadults' emigration is not iediately 

caused by aggression received within the troop (6.10.3a; Packer, 1979g.; 

of. Altmann & Altmann, 1970). 
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Although the newcomers here occupied the highest ranks this is not 

always the case at other study sites (Hausfater, 1975; Nash, 1976; 

Packer, 1979a; pers. abs.). 	Its occurrence here confine a contrast 

with macaques in which newcomers take low ranks (Sugiyama, 1976; 

Bernstein & Gordon, 1980) and senior males become the high rankers 

(Drickamer & Vessey, 1 973). The prime adults occupied relatively 

high ranks, and both A3 and A5 showed high rates of solo agonism to 

their subordinates, perhaps to endorse those ranks. They did not appear 

to rely on alliances and use of infants to maintain rank so much as to 

buffer them during interaction with higher rankers and newcomers 

(cf. alliances in macaques, Wilson & Vessey, 1968). The implication 

was that individual ability determined dominance rank, but that males 

could do better than from their rank alone by allying and using infants. 

If A7 is correctly cha.racterised an ageing focal male, and A6 and AS 

as males that are no longer focal, then age appears to bring a decrease 

in competitive ability, and in assertiveness and aggressiveness. It 

also brings a waning of bonds with mothers (4.5. 6 ) which may explain 

the low infant-interaction rate of males A6 and AS, (but cf. Sa.ayman, 

1971b). The older malest reliance upon alliances parallels the case 

of old male Kon in Hall & DeVore (1965). 

In sum, the individual differences between males follow three main 

axes of variance. These are: 

a: which affects assertiveness (i.e. tendency to approach and 

supplant) and aggressiveness. Both are relatively low in subadults and 

in older adults, but high in young adults and prime males. 

Dominance rank: in that it expresses for each male the number to 

whom he may give agonistic behaviours, and the number from whom he is 

likely to receive them, and thus the ratio between given and received. 

A male's attained rank at any time probably reflects opportunity, in 

terms of the number and ability of competitors, and the male's age, 

as it affects assertiveness and aggressiveness. 

Seniority: length of residence in the troop affects two important 

aspects of the males' relationships: 

(a) relations with females: This is important in that the high-ranking 

resident malest relationships with mothers allow access to their infants, 

defining them here as focal males. Older males may lose these 
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relationships. 

(b) relations with males: Prime-age resident adults associate together 

more, although it is not clear whether they associate with one another 

or with females in common. Such association brings higher rates of 

exchange of agonism, and also frequent alliance. It is not clear 

whether the alliance is a consequence of the association, or vice versa, 

or whether both result from a third factor such as sharing relationships 

with mothers. Seniority appeared also to determine who allied against 

whom, as residents against newcomers, but this might have been partly 

because of the frequent consortship of the newcomers with swollen 

females. The older males appeared to retain these alliances, but 

were less frequently involved in aggression in general. 

These three factors suggest interpretations of male-male relation-

ships described at other sites. For example, Saayman (19711) and 

Stoltz and Saayman (1970) observed an old focal male (Y), and a prime 

adult (ST), both of whom allied together and used infants against a 

more peripheral, aggressive a - male (B). And Seyfarth (1975 9  1978b) 

described a -maJ.e,. Pierre, who was favoured by lactating females, and 

who allied with troop-members and used infants, against aggressive 

a-male Rocky. The information above suggests that both these a-males 

were probably more recent immigrants to their troops. 

11. DISCUSSION OF AGONISTIC BEHAVIOUR 

Four aspects of agonistic behaviour merit further discussion. 

The first is a point of detail, the remainder are more general issues. 

6.11.1 Agonism against newcomers 

It was described in 6.4.3 how females gave more aggression to males 

than to dominants of their own sex. Although some of this was directed 

at subadults, most of the remainder was to the three highest-ranking 

adults, and this was true of both solo and allied aggression. A 

similar tendency against Al, A2 and A.3 was also found in allied 

aggression by males (including subadults), in aggression by inmatures, 

and in males' interaction with infants, tile some of the aggression 

from males was attributable to competition against the high-rankers' 

consorting activity, yet much occurred in other contexts. First, 
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conflicts between resident males were sometimes redirected against 

newcomers (see example in 6.2.3). 	Secondly, both newcomers showed 

bouts of assertiveness when in the space of a few minutes they would 

supplant several animals, males and females, but without taking over 

any resource; 	A2 also tended to chase females on the periphery. 

If the recipients of such agonism showed distress, others were likely 

to respond with group aggression to the newcomer. In 21 cases where 

three or more animals allied against an adult male, only two were against 

A3, and all the rest were against the two newcomers. Only one of these 

was a consort dispute, and in the most intense incident twelve animals 

simultaneously attacked Al. 

The concentration of aggression on these three might have been a 

response to their high rank; they were clearly avoided most by other 

males and thus presumably more feared. However, aggression against 

newcomers might be expected if such males are more likely to commit 

infanticide, (Busse, 1980), as discussed in 6.9.6. 	Without observational 

evidence that these newcomers were motivated to do so, however, it is 

better to ascribe the aggression to its more immediate causes, the 

unfamiliarity and assertiveness of these two males. Both were avoided 

more by females than were other males. 

6.11.2 Dominance, and linearity of hierarchy 

The pattern of agonistic interactions in this study agree with the 

theory that animals minimise the costs of competition by establishing 

dominance relationships in which one partner generally concedes to the 

other without aggression (Lack, 1966, p.766). 	It cannot be said that 

the function of hierarchies, such as the one found in this study, is 

to reduce aggression but rather that animals' attempts to avoid 

aggression result in relationships which may, as here, be arranged 

hierarchically. Why therefore should the relationships be hierarchical, 

why should relationships indifferent pairs be transitive? One reason 

is that in matrilineal groups, the ontogeny of dominance relations produces 

a hierarchy. Natrilines dominate one another in linear order, apparently 

because of patterns of alliance by one matriline against the next; 

dominance might therefore reflect the size of matrilines (Dunbar, 1980 

Silk et al., 1980) or their history of growth and fission. 	Secondly, 

within each matriline, dominance rank reflects birth—order and reproductive 
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value (Schulman & Chapais, 1980),  and is established at least in part 

through alliances (6.7.1). 	Both these mechanisms are responsible 

for the linear rank-order of female baboons and macaques. 

Linear hierarchies among transferred (unrelated) males, and among 

females who do not rank according to matriline and birth-order (e.g. 

].angurs, Erdy & Hrdy, 1976) are harder to explain. One possibility is 

that the hierarchy is an exact portrayal of the animals rank-order of 

competitive ability. For example, Packer (1979a) found that male 

dominance rank was correlated with body weight, itself a likely deter-

minant of physical ability, so that this explanation is feasible. 

However there is also evidence from other species, of feedback mechanisms 

in which dominance rank may affect (a) body weight, which may decrease 

after a decline in rank (Dittus, 1977), and (b) hormone levels, which 

may change as a result of rank-changes (Bernstein at al , 1974) and may 

themselves affect agonistic behaviour (Mazur, 1976). Thus dominance 

rank might affect competitive ability, and ability itself cannot be 

considered independent of the past history of the animal, and need not 

a priori cause linearity. Other explanations may be found in the 

development of dominance relations. While two animals may learn their 

relative dominance through their history of competitive interaction, 

there are grounds for believing that monkeys can learn their dominance 

also by observing the interactions of others, and extrapolating to 

themselves (Howell, 1966b, 1974), a process which would make relation-

ships transitive and hierarchies linear. Monkeys are certainly 

capable of extrapolating serial order to some degree (MoGonigle & 

Chalmers, 1977). That they can also assess the relative ranks of 

others is suggested by the behaviour of reintroduced group-members to 

those of adjacent rank (Conaway & ICoford, 1964;  Vessey, 1971; also 

6.6.1), and by cases where animals solicit the aid of those who rank 

above their opponents (DeWaal, 1977; Walters, 1980). 

Finally, Wade (1978) has proposed that whenever animals attempt 

to dominate opponents by forming exploitative alliances with partners 

who are already dominant to the opponents (as in Wade, 1976;  Cheney, 

1977; DeWaaLl, 1978), then a linear ordering will result. This is 

essentially the logic of the matrilineal system described above, but 

does not accord with the alliances between males in this study. 
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6.11.3 Maintenance of dominance 

Rowell (1966b)  concluded that dominance relationships were maintained 

especially by subordinates, since subordinate behaviours were nearly all 

uprank whereas 'dominants" behaviours were not so restrictedly downrank. 

She also observed that unsolicited submissive behaviour more frequently 

expressed dominance relations than did threats by the dominant (Rowell, 

1974). While in this study the subordinate often tdecidedt  the outcome 

of an interaction in that an approach only became a supplant if the 

recipient left, and threats were often not pressed home if the recipient 

ignored them, yet dominant and subordinate behaviours should not be 

compared quantitatively (as in howell's comparison of direction 

constancy) when they differ qualitatively. 	'Dominant' behaviours may 

also be used to challenge uprank, while some submissive behaviours are 

never used dawnrank (DeWaal, 1977; Noe"et al., 1980). These submissive 

behaviours may provide the clearest index of an established relationship, 

in the way that 'first submission' represents a turning-point in a 

dominance-change (Noe"et al., ibid; Walters, 1980), yet occasional 

aggression by the dominant may reinforce the status-quo as effectively 

as frequent submission by the subordinate. 	In Deag's (1977) study, 

threats were a].most equally often downrank as the direction of avoidance, 

and they were more frequent, allowing the conclusion that dominant and 

subordinate contribute to the relationship. Although in this study it 

was not clear what proportion of the 'domflant's' and 'subordinate's' 

behaviours were actually initiated by the dominant and subordinate 

partners (because of ad libitum recording) yet data in Tables 6.XVa 

and 6.XVIIa, show that in eight comparisons of dominance rank and rates 

of agonism given and received within each sex, dominance rank was more 

closely correlated with the dominant's behaviour in four and the 

subordinate's in four. Thus both partners appear to contribute 

equally. 

An appreciable number of agonistic interactions were not contests 

for any resource at all (as "displacements' in Altmann, 1980), especially 

supplants between males, and such interactions appeared to be reassertions 

of existing dominance relations. Similar "dominance-oriented" inter-

actions have also been reported by Struhsaker (1967), Rowell (1974) and 

Moore ( 1 978 ), and have clear analogies with dominance displays in 

chimpanzees (Goodall, 1968; Bygott, 1979). Also, animals have been 
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observed to achieve dominance over chosen opponents by persistent 

assertiveness of this sort (Hall, 1967;  Nash,  1976;  Walters, 1980). 

The frequency of such interactions in baboons implies that maintenance 

of dominance relationships is at least as important as the value of any 

single resource, probably much more so. Therefore those predictions 

that the outcome of agonistic encounters, or even the order of dominance 

hierarchies, should be affected by the relative value of the resource 

to the contestants (e.g. Popp & DeVore, 1979, p.331; also Clutton-Brock 

& Harvey, 1976, p. 218  ) may not be strictly applicable if they do not 

account also for the relative value of maintaining the dominance 

relationship for the benefit of access to other resources (e.g. Curtin, 

1980). 

6.11.4 Comparison of behaviour within each sex 

Agonistic relations within each sex differed chiefly in that among 

males interactions were much more frequent, were more often uprank, and 

individualst rates were less closely dependent upon their position in the 

hierarchy, than they were among females. These conclusions have been 

discussed separately in 6.3.6, 6.4.6 and 6.5.6, but since Walters (1980) also 

found that dominance particularly constrained behaviour between females, 

the question remains as to why they contrast with males in this respect. 

One explanation is the one already given for the difference in rates 

within each sex (6.4.6), which is that the short-tern benefits of 

behaving agonistically differ for male and female (Symons, 1978, p.179 ). 

Thus only males may directly increase their number of offspring by such 

behaviour, while females are less free to expend energy, and they risk 

reproductive failure by agonistic interaction. In the longer tern 

also, although reproductive success may be related to lifetime dominance 

rank in both sexes (Dricicamer, 1974b; Dittus, 1979; Saunders & 

Hausfater, 1978), yet variance in reproductive success is greater in 

males than in females, (Bateman, 1948), so that a male gains more by 

increasing his rank than does a female. In proximate tens, this 

means that a male on joining his breeding group must establish as high 

a rank as possible, must maintain it for as long as possible against 

subsequent immigrants, and must defer the costs of his decline in 

competitive ability as he ages by forming relationships with males and 

females in the troop (6.10.4). 	Such priorities necessitate more 
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frequent agonistic behaviour uprank and down, and may result in high 

rates of rank-changes compounded by immigration of males from elsewhere. 

In contrast, females may gain relatively less by increasing their 

rank, and because their priority is to minimise energetic and social 

costs for the sake of reproduction they are also more constrained to 

accept dominance relationships. Furthermore, dominance ranks are not 

upset by immigrants but only less frequently by adolescents maturing 

into the adult hierarchy (Altmann & Altmann, 1979; Walters, 1980) and 

possibly by females declining in rank with age (Moore, 1978).  Walters 

(ibid.) attributes the stability of their relations, and the direction 

constancy of their behaviour, to the higher rankers defending their rank 

(and greater probability of reproductive success) so effectively by 

alliances that lower rankers are unable to solicit alliances to challenge 

them. Ohapai.s and Schulman (1980) argue persuasively in the same vein 

that females will tend to ally with the dominant rather than the 

subordinate in any conflict, and this explanation is likely to be 

correct. However it is not necessarily the case that direction 

constancy is imposed by alliances. Agonistic interactions between 

female Hanuman langurs are almost all downrank (Erdy & Urdy, 1976), 

yet they very seldom act in alliance (Erdy, 1977,  p.181). However, 

since langur hierarchies are not stable over time this does imply a role 

of alliances in the stability of the hierarchy in macaques and baboons. 

Secondly, Walters? argument does not explain the sex-difference here, 

since the same logic applies equally to males, among whom the higher 

rankers may also achieve greater reproductive success and should 

similarly defend their rank positions. The evidence from this study 

was instead that males used alliances to challenge the hierarchy rather 

than to defend their own ranks. 

An alternative explanation for the sex-difference is provided by 

Dittus ( 1 979). 	Females of female-bonded troops are more closely related 

to one another than are the males, who are unlikely to be relatives. 

Since establishment of dominance relationships confers the greater 

benefit on the dominant, females axe more likely to concede dominance 

to a related female than are males to an unrelated male, so that kin-

selection may have favoured greater acceptance of dominance relationships 

among females. 
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In conclusion, it is likely that agonism is more frequent and 

more often u.prank among males than among females because (a) females 

are more inhibited from competing by the costs of reproduction; 

males may increase their reproductive success more by direct 

competition, and by increasing their rank, than may females; and 

females may be more likely to accept established dominance 

relationships because they are more closely related, while subordinacy 

has fewer benefits among males. 	 - 
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The Menstrual Cycle • Sexual Behaviour and Consortship 

INTRODUCTION 

Female baboons undergo a number of ovarian cycles between the 

end of lactation amenorrhoea and the start of the next pregnancy, 

manifested by swelling of the perineum. Ma.ximal swelling coincides 

with sexual activity or oestrus (Heape, 1900)  which in most cycles 

is also the time of maximal fertility. The relations between 

ovulation, mating, and external signs of oestrus have been intensively 

studied in macaques (reviews in Howell, 1972; Keverne, 1976; also 

Tokuda at al., 1968; Dixson, 1977;  Wolfe,  1979)  which, with 

mangabeys (Chalmers & Howell, 1971) talapoins (Scruton & Herbert, 

1970) and chimpanzees (Goodall, 1968), parallel baboons in several 

respects. Preceding chapters have contrasted the behaviour of 

cycling and non-cycling females, but this chapter describes changes 

in behaviour during the cycle itself, and the details of copulation. 

TEE MENSTRUAL CYCLE AND OVULATION 

7.2.1 Cyclical perineal changes affect the vagina, clitoris, and 

circum-anal region; numerous authors have documented these changes in 

captive baboons (Zuckerman & Parkes, 1932; Gillmin & Gilbert, 1914; 

Hendricicc & Kraemer, 1969; Howell, 1970 ; Stevens, 1978)  and their 

findings are confirmed in the wild (Hall, 1962; 	DeVore, 1965; 	* 

Howell, 1967a; Saayman, 1970; Hausfater,  1975;  Seyfarth, 1978a). 

After menstruation, the sex-skin swells gradually due to buildup of 

oestrogen in the follicula.r phase, maintains full size around midcycle, 

and then deflates rapidly as progesterone antagonises this effect of 

oestrogen (Gillman, 1940). The sex-skin remains deflated until the 

next menstruation. Underlying hormonal changes are described by 

Stevens et al. (1970 ) Hagino (19714, Stevens  (1978)  and Wildt et al. 

(1977). 
In order to assess the relation between males' mating activity 

and reproductive success (Chapter 8), it is important to know which is 

the most fertile part of the cycle, since sperm viability is limited 

(Restall, 1967). 	Zuckerman and Parkes (1932)  and Wildt at al. (1977) 

concluded that ovulation occurred close to the first day of deflation. 
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In contrast, Gillman and Gilbert (1946) and Hendrickx and Kraemer (1969) 

found that matings were more successful earlier than this, respectively 

two days, or between two and eight days, before deflation-day. The 

contrast between these two sets of results probably reflect differences 

in methodology. Zuckerman and Parkes (ibid) examined corpora lutea 

of females several of whom had been killed in fighting (Zuckerman, 

1931, of 1932  pp. 218-228): Wildt et al., used laparoscopy on 

anaesthetised females. Since deflation may be induced prematurely by 

aggression or injury (DeVore, 1965;  Rowell, 1970; Ransom, 1971) or by 

laparotomy (Gillman & Gilbert, 1946; Hendrickx & Kraemer, 1971),  these 

estimates of ovulation in relation to deflation may be less reliable 

than estimates based on timing of successful matings. Eendricicc and 

Kraemer found that mating success did not vary significantly between 

the eighth and the second day before deflation, but was highest on 

the third day beforehand. 

7.2.2 Cycle-stages at Ruaha 

The stages of the perineal cycle have been defined in 2.11Th. 

The ten cycles during observations at Ruaha (Pig. 7.1) were similar to 

those described for yellow baboons elsewhere (Eendrickx & Kraemer, 1 969; 

Hausfater, 1975). The follicular and luteal stages of the ovarian 

cycle correspond approximately to the two halves of the perineal cycle: 

turgescence (swelling increasing or full) and deturgescence (perineum 

deflating or flat). The correspondence is not exact in that deturgescence 

may persist for a few days alter menstruation, and turgescence may persist 

alter ovulation for about three days (or implicitly up to seven, in 

Hendricicc & Kraemer, 1969). 

Because the onset of deflation is easily recognised it is used here 

to name the days of the cycle, as in Hausfater (1975).  The onset of 

deflation is d-day, the following days d+1, d+2 etc., the preceding 

days d-1, d-2 etc. This notation defines a week of potentially fertile 

mating (7.2.1) from d-7 to d-1, referred to as full swelling. 	Inflation 

extended from 9 to 31 days before this (i 16.7),  deflation took 2 to 7 

days (Tc L.L) and the subsequent flat stage from 1 3 to 16 days (R 14.7). 
The summed length of turgescence was therefore 16 to 38 days (R 23.7) 
and of deturgescence 18 to 25 days (E 20.7). Reliably observed 
intervals between deflation-days were 34, 36, and 40 days. Menstruation 

started between 7 and 18 days after d-day (i 12.7), that is between 9 days 
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FIG 7.1 Menstrual Cycles: length of stages, in days. 
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7,1. The ten perineal cycles observed in this study. Each is re-
presented by one horizontal line, with the female named on the left and 
the cycle stages indicated by the width of the line. The six resumption 
cycles are cross-hatched, the four subsequent cycles are black. Two 
periods of deflation which were not observed are marked by dotted lines. 
Some flat stages are terminated by a short vertical bar, indicating the 
start of the next inflation; but endings without such a bar indicate the 
end of the study. Days of menstruation are marked twice, as v in re-
lation to the following inflation, or as V in relation to the preceding 
deflation. For comparison the top line shows the mean lengths of 
turgescence and deturgescence of seven females at Amboseli, with mean 
incidence of menstruation (m), from data of Hausfater (1975). 
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before and 2 days after the start of inflation, and lasted one or two 

days. 

Fig. 7.1 differeittiates cycles which were the females' first after 

lactation amenorrhoea (six resumption cycles) from those which were not 

(four subsequent cycles). Turgescence tended to be longer in 

resumption cycles (17 to 38 days) than in subsequent ones (16 to 21). 

Atypical resumption cycles are also reported by Gillman and Gilbert 

(1947), Ransom  (1971)  Hausfater  (1975).  None of the cycles here 

resulted in pregnancy, and some may have been anovu.latory: according 

to Hendrickx and Kraemer (1969) 12.99/6 are without ovulation (cf. 0 0/6 

in Wildt et al., 1977). 	It is not impossible for conception to occur 

in resumption cycles, but unusual (pers. obs. at Gombe). 

Howell (1970) found that the follicular phase was extended if the 

female received frequent aggression during that time, but over nine 

cycles at Ruaha (excluding pu) the mean rate of aggression received 
during inflation was not related to the length of the turgescent phase 

(r 0.033, n.s.). Variability appeared more to reflect differences 

between individuals, and between resumption and subsequent cycles. 

Longer-ten cycle-length data are available from Ruaha, collected 

by P.L.A. Ngatwika and L. Mathias between Sept. 19714 and Feb. 1976. 

These show that females cycled between 3 and 8 times before conceiving 

(9 conceptions, E 14.3 cycles), and that differences between these 
females were not related to dominance rank (r 0.367, n.s.). 	The 

interval between birth and resumption of cycling (first inflation) was 

between 14 and 17 months (9 intervals, _x 11.3),  but was shorter for 
higher-ranking females (r5  0.857, n=9, p <. 01). 

3. RESUMPTION OF CYCLING, AND INTERACTIONS 

7.3.1 Females who were observed both in lactation (or motherhood) 

and during cycling showed contrasts in interaction rate in the two 

states. 	The interaction rates of five of these six females (i.e. 

excluding pu) have been used in statistical comparisons of reproductive 
states in the preceding chapters, and so cannot be analysed statistically 

here. However, the changes in interaction rates between lactation and 

cycling which were shared by all five females were as follows. When 

cycling, all five showed increases in (a) association with males; 

(b) grooming of adult males; (c) grooming by adult and subadult males, 
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and immatures; (d) presenting to adult males; (e) unintromitted mounts 

by adult males and by immatures; (f) introm.ttted mounts by adult and 

subadult males and by immatures; (g) avoidance of, and supplants by, 

adult males (behaviours pooled); (h) aggression from immatures. 

14. ANALYSIS OF BEHAVIOURAL CHANGES THROUGH TEE MENSTRUAL CYCLE 

The following methods were used to document the changes in inter-

action rate that occurred in each cycle-stage. 

7.14.1 Interaction rates of each female 

The duration of observation in each cycle-stage is listed in Table 7.1. 

From this was calculated in each stage the female's interaction-rate with 

members of each class. Rates were expressed as pooled mean rates 

(2.XIIc. iv), rather than dyadic mean rates, because when calculated from 

so few observation-hours the latter were much affected by differences 

between interaction-partners. Partner-availability comprised 18 females, 

but the number of males each day varied between 6 and 8 adults, and 3 

and 14 subadults. Rates with immatures were calculated as subject-rates 
(2.XIIc. i), without accounting for partner-availability, since the 

likelihood of interaction for each behaviour differed according to both 

age and sex of partner (e.g. compare copulation and grooming). 

7.14.2 Mean rates across females 

Rates in each cycle-state have been calculated as the mean rates 

across all females. The two females observed in more than one cycle 

each contribute only one score per cycle state, obtained by combining 

all data from that stage of all her cycles to give a single pooled mean 

rate. P11 was omitted from this and the following procedure (7.14.3) 
because of her illness. Mean rates are therefore derived from six 

females at inflation and full swelling, but only four females in 

deflation and flat. 

7.14.3 Com-parison of cycle stages 

In contrast to the above, the analysis of cycle changes examined 

all cycles (except P11's), so that P5 and PG contribute data for three 
and two cycles respectively, but the other four females only one each. 

Analyses gave emphasis to patterns of change consistent over all cycles, 

rather than to the rates themselves because not all subjects were equally 

in view. Each stage was compared with the next, although flat was not 
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Table 7.1: 	Duration of observation - hours during each stage of 

each feznalets cycle. 

Inflation Full Deflation Flat 

Females/cycles: 

Fl 147.6 33.9 - - 

F5.1 29.5 34.1 30.3 75.6 

2 34.1 34.7 22.7 63.4 

3 30.3 38.7 24.3 27.9 

F6.1 46.3 35.5 18.1 74.1 

2 58.7 38.9 6.2 17.4 

P7 112.8 40.9 16.6 11.3 

F13 128.6 33.9 - - 

F17 63.4 23.5 29.0 68.8 

P11 83.8 29.0 16.6 52.2 

Female P11 was excluded from all tests and figures (7.4.2), and 

female F6's deflation of the second cycle was excluded from 

Wilcoxon tests (7.4.3.). 
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compared with inflation to ensure independence (except once in 7.7.2). 

The nul hypothesis was that the change in interaction rate would be 

random across all cycles in terms of direction (increase or decrease) 

and magnitude. This was tested by Wilcoxon matched-pairs test, 

two-tailed. The data from deflation of the second cycle of P6 were 

ommitted because observation-time was so brief. This left nine 

transitions from inflation to full, but only six from full to deflation 

and from deflation to flat. 

The fact that the majority of cycles were resumption cycles may 

detract from the generality of these data, since their cycle-changes 

were less marked than those of subsequent cycles (7.5.5). However 

this does lend weight to those conspicuous changes which were found. 

5. INTERACTIONS WITH ADULT MALES, and the effect of oestrous females 

on male-male relations 

7.5.1 Changes in interaction between female and adult male during the 

perineal cycle have been described by Hall (1962), Devore (1965), 

Rowell (1967a), Saayman (1970), Ransom (1971), Hausfater (1975)  and 

Seyfarth (1978a). Their findings may be summarised as follows. 

During inflation, the female increases her grooming of males, 

presents often, and may move about conspicuously within the troop. 

Males may inspect the swelling, mount, or copulate. At full swelling, 

the female establishes consort relations with one or a series of 

adult males, and the consort male maintains exclusive mating access. 

There are three conspicuous differences from the female's interaction 

at other times: (i) the male maintains proximity to the female, 

(ii) he grooms her fax more than usual, and (iii) he appears to 

initiate the majority of copulations. The female's grooming is 

largely devoted to her consort (except in Ransom, 1971), but seldom 

matches the amount she receives from him. Consort pairs may stray 

unusually fax from the rest of the troop (Bolwig, 1959; Hall, 1962; 

DeVore, 1965; Saayman, 1970; Seyfarth, 1976a). 	Consortships begin 

before or during full swelling, and a female may have several consorts 

per day (DeVore, 1965; Howell, 1967a; Hausfater,  1975)  or one partner 

for many days (saayman, 1970; Seyfarth, 1978a, i.e. in chacma baboons). 

Adult males usually lose interest in the female at the onset of 

deflation or shortly before (Saayman, 1970; Evans, 1974; Seyfarth, 1978a), 
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and consortships cease. Some authors report that during deflation 

there are transient increases in female presenting (Hausfater, 1975) 

or in male inspections of the perineum (Hausfater ibid.; Seyfarth, 

1973a; also in gelada, Dunbar, 1978a). 

7.5.2 Association between female and adult male 

Females most often had at least one adult male nearby at full 

swelling (Table 7.IIa). Adult male neighbour-frequency increased 

from inflation to full in 8 of the 9 cycles (=i, n 9, p <.01): and 

in 5 of 6 it decreased from full swelling to deflation. When males 

were near, however, there did not tend to be more of them at full 

swelling (Table 7.IIb), suggesting that the increased neighbour-

frequency at full swelling was caused by particular males. This is 

generally confined in row (c) of the table, in that only 56/16 of male-

female pairs increased association at full swelling: in detail, P7, 

Fl and F17  experienced as many decreases as increases, the latter two 

increasing with one male only. 

Previous sections have described how high ranking adults were 

involved more with cycling females in terms of association (4.2.7) 

and interaction (e.g. 5.4.3). Data were examined for evidence of this 

pattern in association at each stage of the menstrual cycle. For 

each male was calculated the percent of its association samples for 

which an inflating, full, deflating, or flat female was nearest within 

15m. The males' rank-order for these variables are compared with 

dominance rank in Table 7.111, repeating the tests without El who was 

probably attractive to males both as a mother and as a cycling female. 

Higher-ranking adults associated more at full swelling, and tended to 

do so also during inflation. 

7.5.3 Interactions between females and adult males 

Table 7-IV shows females' mean rates of interaction with adult 

males in each cycle state, and the results of statistical comparison 

of consecutive stages. Comparisons which did not yield significant 

results, or which were not testable through scarcity of data, are not 

indicated. The behaviours are as defined in Appendix I, except that 

(i). aggression combines solo and allied aggression, (ii) female stands 

next is the converse of male stands next, (iii) male greets rear 

includes inspects. Male mounts are separated into those without 
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Table 7.11: 	Females' association with adult males. Mean scores 

over all females of (a) percent of association samples in which at 

least one adult male was within 15m. on the minute; (b) mean number 

of adult males in 1 5m through the minute during samples in which at 

least one was near; (c) number of adult—male/female pairs whose 

dyadic neighbour frequency increased or decreased during each cycle—

stage change, from through—minute samples. 

Inflation Full Deflation Flat 

 Male(s) 	% : 	46.5 67.3 47.8 53.1 

near. 	s.d: 	(14.3) (19.7) (28.5) (is_i) 

 Number of 	x : 	1.3 1.3 1.1 1.5 

males. 	s.d: 	(.i) (.2) (.2) (.4) 

 Pairs increasing: 	29 10 14 

decreasing: 	19 15 10 

Table 7.111: 	Adult males' dominance ranks compared with their 

association frequency with females at each stage of the perineal cycle. 

Spearman r5  values ; at n = 8. probabilities * <.05, *-* <.01. 

Inflation 	Full 
	

Deflation 	Flat 

r5, inc. Fli. 	.786 * 	.905 ** 	.494 	.345 

exc. Fl. 	.609 	.881 * 	 .494 	.345 
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Table 7.IV: Pooled mean rates at which cycling females interacted 

with adult males, per hundred hours. Mean values over all females; 

standard deviations in brackets. Comparisons between consecutive 

stages (described in 7.4.3) gave the significant differences indicated 

at probabilities 	'<.05, 	<.01. 	M = male. F = female. 

Inflation Full Deflation Flat 

Agonistic 

F avoids .28  .09 (.16) .52 (.82) .32 (.26) 

M supplants 1.51 (i.00) .94 (.65) .86 (.66) 1.16 (1.02) 

M aggress .55 (.26) ** 1.23 (.54) .99 (1.12) .31 (.25) 

M avoids .02 (.o) ** .99 (.31) * 	.26 (.41) 0 

F aggress .12  .23 (.i) .04 (.09) .09 (.13) 

F affiliative 

F stands next .10 (.io) .42 (.28) .04 (.08) 0 

F grooms .61  2.60 (1.47) * 	.26 (.41) .16 (.20) 

F presents 1.18 (.71) 1.59 (1.30) 1.36 (1.13) .41 (.28) 

M affil./sex: 

M greets rear 1.11 (.66) * 2.23 (.74) 1.33 (.91) .94 (.28) 

• mounts w'out .74 (.33) .90 (.46) 1.70 (1.62) 1.51 (1.58) 

• intr.mounts .65 (.37) 9.30 (3.22) * 	2.12 (2.69) .06 (i.i) 

M. consort: 

M grooms .27  ** 3.34 (1.13) * 	.30 (.41) .57 (.55) 

M stands next .69 (.69) ** 399 (1.65) 1.33 (1.52 ) .64 (.74) 

• follows .27 (.35) ** 1.73 (1.37) * 	.24 (.27) .24 (.28) 

• possessive .59 (.58) ** 2.23 (.85) 1.16 (i.ss) 1.10 (1.06) 

• coercive .18  .96 (.78) .04 (.08) .12 (.20) 
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intromission, and intromitted mounts. 

7.5.3a) Agonistic interaction There were no consistent changes in 

female avoidance or male supplanting over the cycle. However, 67% 

of the 33 supplants to fully swollen females were by their male 

consorts, although this was not recorded for the three lower-ranking 

females. In contrast, the significant increase in aggression 

received, from inflation to full swelling, was not due to the consort 

males ( < ic%) so much as to rival adults threatening the pair. The 

increase in avoidance by males at full swelling was because single males 

generally avoided the advance of a consort pair (6.7. 2 ). 

7.5.3b) Female affiliative behaviour In 7 of 8 cycles there was an 

increase at full swelling in the rate at which females approached and 

stood next to males (n.s.). 	Similarly all females except Fl 

increased their rate of grooming males at full swelling, and all of 

four decreased it again in deflation in all cycles. Perhaps 

surprisingly, there was no consistent tendency for females to present 

more or less at any stage. Consecutive cycles of the same female 

varied in this respect also. Their rates seemed to reflect the 

consorting activity of the males. Thus the rate at which females 

presented at full swelling was greater in those cycles in which males 

consorted with them least (r 5  - 0.831, n  9, p <. 05). Although females 

were in consort for an average of 5/o of the time at full swelling, 

only 13% of their presents at this time were to their consorts (n = 32). 

Female P5 was not seen to present during turgescence in her first two 

cycles, during which she was consorted assiduously by Al, but she 

presented during turgesoence of the third cycle when Al did not consort. 

Similarly, P6 did not present during full swelling in her second cycle, 

when she was consorted for more of the time than in her first. Finally, 

females' present rates were not related to their dominance rank, either 

during inflation (r 5  —.543, con. cbs. -.771,  n 6, n.s.) or at full 

swelling (r0  —.657 ± obs. cart., n 6, n.s.). 

.7.5.3c) Male sociosexual and sexual behaviour 

Males gave rear-greetings to females more frequently at full 

swelling, and rates tended to decrease in deflation (n.s.). 	514 of 

132 such greetings were in response to presents, and given that females' 

present-rates did not increase at full swelling, but the males' greetings 

did, it is not surprising that proportionately more rear-greetings were 
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Figs. 7.2 & 7.3. The percent of all adult males' rear—oriented 
behaviours to females in each cycle state which were unsolicited 
(7.2, i.e. not in response to a present) and which included males' 
inspection of the female's perineum (7.3). Female cycle states are 

S. - inflation, fi - full, d - deflation, 1' - flat. The lowest 
row shows the ratio between the number of females whose percent 
scores in that state were greater (on left) or less (on right) 
than their percent overall. Thus 0:5 indicates that six females 
were below their overall percent. 
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t 	unsolicited at full swelling (Sign test, two-tailed p<.O5, Pig. 7.2). 

Females also differed in the proportions of their greetings which 

followed presents: a higher proportion of greetings were unsolicited 

for higher ranking females (r 5  .987, n 6, p <'. oS). 	This appeared to 

be a compound of two weaker tendencies; that lower rankers presented 

slightly more (7.5.3b  above) and that higher rankers received unsolicited 

rear-greetings at slightly higher rates (r 5  .571 ± obs. con., n 6, n.s.). 

Rear-greetings in which the male moved his nostrils to within three 

inches of the female's perineum were defined as inspects (Appendix I, 

xv. c). The proportion of all rear-greetings which included inspection 

tended to increase later in the cycle, being highest in deflation and 

flat (which did not differ: Fig. 7.3). 

It was shown above (5.5.1) that the presents of cycling females 

received fewer greetings and more negative responses than did those of 

non-cycling females. Pig. 7.4 shows the adult males' pooled responses 

to presents by females in each cycle stage. The proportions do not 

differ significantly, but it is clear that negative responses were more 

obvious at full swelling and in all of these the male looked away. 

Rates of un-intromitted mounts did not change consistently over the 

cycles. Only 10.3/1 6 of such mounts upon cycling females were in response 

to presenting, and 	at full swelling (Table 7.V). The proportion of 

un-introtnitted mounts in which pelvic thrusting occurred varied slightly 

over the cycle, but not consistently over all females. However, in 

proportion to all mounts, unintromitted mounts with thrusting became 

least frequent at full swelling and in deflation, suggesting that 

intromission may have been easier at these times (Table 7-VI). 

Intromitted mounts became more frequent for all females during full 

swelling, and decreased again in deflation (Table 7.IV). Only 1.1% 

Of intromitted mounts were seen to follow immediately from the female's 

presenting, suggesting that males initiated the majority. Although 

it was shown in Table 5.171 that cycling females avoided non-intromitted 

mounts proportionately more than did other females, this tendency was no 

greater at any particular stage of the cycle; and when these avoidances 

are considered in proportion to the total mounts received (i.e. including 

intromitted ones) they avoided only 6.!4, considerably less than the 

equivalent proportion for non-cycling females (iWo; Table 5.xvi), and 

least of all at full swelling (Table 7.VI). This suggests that cycling 
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Table 7.V: 	The number of non.-intromitted mounts by adult males 

which were preceded by a present, compared with the number of 

unsolicited mounts. 

Inflation 	Pull 	Deflation/Flat 

With present: 	 5 	 o 	 5 

Unsolicited: 	 32 	 23 	 32 

Table 7.VI: 	The percent of three different types of adult male 

mounts at each cycle stage : and the percent of all mounts which the 

female avoided. 

Inflation 	Pull 	 Deflation 	Flat 

Total (n) : 	 69 	 257 	 28 	 27 

Un—intromitted: 
without thrusts: 27.5 6.2 32.1 37.0 

with thrusts: 26.1 2.7 14.3 51.9 

Intromitted: 46.4 91.1 53.6 11.1 

% avoided 16.9 3.0 6.7 22.2 
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females' avoidance of a higher proportion of unintromitted mounts 

(5.5.2d) was not because they were any less receptive (since they 

accepted many more mounts overall) but perhaps that they tend to avoid 

increasingly as mount-rates become very high. 

7.5.3d) Consort behaviours Several behaviours characteristic of consort 

males showed consistent increases at full swelling. Males groomed 

females, stood close to them, and followed them within arm's reach 

much more at this time (Table 7. iv), and grooming and following also 

decreased in deflation. At full swelling there was also significant 

increase in interactions judged in the field to be possessive. These 

included a variety of patterns such as herding and shielding (defined 

in Appendix I, )CCi), and a number of instances of mounting, chasing, 

clasping or holding the female, hurrying close to her, and in some cases 

grooming her. These were judged to be possessive if they appeared to 

reduce the likelihood that the female would interact with a second male, 

as for example when they occurred in response to. the arrival of another 

male, or when the female was moving towards such a male, or (rarely) 

when another troop appeared. In 35yo of cases the components were 

recorded, with herding and shielding the most frequent (Table 7.VII). 

The table also reveals that possessiveness was most often shown against 

adult males, but occasionally against other baboons or other troops. 

Finally, coercive behaviours (Appendix I, n) such as pushing or 

nipping the side of the female, did not vary consistently over all 

cycles. These behaviours sometimes preceded mounting. 

7.5.4 Percent time spent in consort 

One-zero sampling allowed estimates of the percent of time for which 

each female was in consort with an adult male (2.IX). Consortship was 

scored if the male showed any two of (a) moving consistently after the 

female, (b) acting possessively to her against nearby males, and 

(c) grooming her persistently (Appendix I, E). The mean across females 

of the percent of their daily 15 mm. samples in which they were seen in 

consort is shown in Fig. 7.5. 'Resumption and subsequent cycles are 

compared. It appears that the majority of consortship took place 

between d.-10 and d-1, occasionally earlier. 	Secondly, females 

consorted for less of the time in resumption cycles. Thirdly, in 

both types of cycle consortship reached a maximum between d-L and d-1, 

but rather later in the resumption cycles. 
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Table 7.VII: 	Behaviours occurring in possessive interactions, 

as percent of the total, and the contexts of such interactions. 

For 86 interactions in which the components were recorded. 

Herding 	38% Holding/Clasping 7% 

Shielding 	230 Hurrying to female 6% 

Mounting 	12% Grooming 2% 

Chasing 	8% Miscellaneous 4% 

Contexts: 	for all 112 possessive interactions by adult males, 

the apparent cause was: 

Adult male (s) 76% 
Other troop members 7% 
Other troops 9% 
Unknown 8% 
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Because ad libitum observation was intermittent, and consortship 

was loosely defined as a result, estimates of the number and duration 

of consortships can only be approximate. Consortships judged to be 

continuous lasted between one and 420 minutes; with an average of 99 

minutes, but 30 were shorter than 15 minutes. The maximum duration 

is limited by duration of observations, which on consort-days averaged 

313 minutes. Over the week of full swelling, females were seen in 

between 8 and 21 consortships, involving from one to six males per 

cycle. During inflation, consortship only occurred in four of the 

nine cycles observed, with between one and 13 consortships in each, 

but involving no more than two males per cycle. Finally, in three of 

the seven cycles observed in deflation, up to four consortships were 

recorded. 

7.5.5 Interaction rates in resumption cycles 

Resumption cycles and subsequent cycles were compared in terms of the 

females' interaction rates with adult males. The pooled mean rates of 

fourteen behaviours (as listed in Table 7.IV, excluding female stands 

next and female aggression due to insufficient data, but including 

percent time in consort (7.5.14)) were compared by Mann-Whitney U-test, 

and three significant differences were found. In resumption cycles, 

females were consorted for less of the time (1i2.3%, cf. 78-.$G, U = 1, 

n 5,14; p <.05), and were followed less (1.12 times per 100 hrs.,cf. 

3.70: U = 2, p <. 05), but they presented more (1.99  per 100 hrs., 

of 0.17: U=O, p<.O5). 

7.5.6 Initiation of consortships 

When the start of a consortship was seen, it was classified (as 

in Appendix, I, E) as a find, in which a female not consorted during 

the previous five minutes started to consort, or a displacement in 

which a consort male conceded the female to a nearby male but without 

aggression, or an aggressive changeover in which a male achieved 

consortship with a female during aggressive exchange with the consort 

male. The proportions of these three are compared in Table 7.VtII 

in terms of (a) their distribution at each stage of the cycle, and (b) 

their incidence at full swelling in resumption and subsequent cycles 

separately. 

The upper part of the table shows that competitive changeovers 

(displacements and aggression) were restricted to the period of full 



Table 7.VIII: 	Initiation of consortahip. The numbers of three types of consortship, (a) at each stage of 

the cycle, and (b) distributed between resumption and subsequent cycles at full swelling. 

(a) 	Cycle—days: Inflation 	d-7 	d-6 	d-5 d-4 d-3 d-2 d-1 	Deflation % (n = 87) 

Finds 21 	6 	4 	8 9 6 4 7 	5 71.3 

Displacements 1 2 2 1 1 8.0 

Aggressive 2 	3 2 6 3 2 20.7 

N) 	
(b) 

00 
-S 

Resumption cycles Subsequent cycles 

Female/cycles: Fl 	P7 	P13 	P17 P6 1  P6 2  P5 1  P52 	P53  

Finds 7 	8  7 	9 3 4 1 	5 

Displacements 1 1 5 
Aggressive 1 4 6 2 	5 

Pooled comparison: Resump. s Subs. 

Finds 34 10 ,2 
24.8 

Disp.+ Agg: 3 22 p <.001 

% (n = 69) 

63.8 

10.1 

26.1 



swelling, and were most frequent between d-5 and d-2. The lower 

part shows that completely non-competitive consortships (i.e. finds) 

were proportionately more frequent in resumption cycles, indicating 

that competition was more intense in subsequent cycles, in which 

the chances of conception were probably higher. 

7.5.7 The influence of oestrous females on male-male relations 

Hausfater (1975) found that on days when one or more females in 

his study troop were in oestrus, aggression between males became less 

frequent (although more severe, in tens of wounding rates). He 

suggested this might be explained if males spread out more at such 

times. Both aggression-rates and male spacing were therefore 

analysed at Ruaha. 

In Pig. 7.6 are shown the mean rates of aggressive.interactions 

per 100 male-male hours, where records are subdivided according to the 

number of fully swollen females in the troop on each day, excluding 

P11. In this calculation an interaction was an incident of aggression 

between two or more adult/subadult males. The rate of aggression was 

broadly correlated with the number of fully swollen females (r 5  .319, 

n 814 days, p . oi), showing that aggression was more frequent when 

more females were fully swollen. This result cannot be separated 

from a possible seasonal difference, since the availability of swollen 

females and the rates of interaction both increased in the rainy season. 

However, the aggression rates were not elevated on all days with 

females fully swollen, but 31% of these 36 days showed aggression above 

and up to twice the maximum rate on days without swollen females. 

Finally, days when aggressive interactions were more frequent tended 

also to have more males involved in each interaction (Median test on 

814 days, t2  7.05, d.f. 1, p<.01). 

Two measures were used to estimate whether males spread out more 

when females were fully swollen. First, for each Sa of the study 
was calculated the percent of males' neighbour samples for which a male 

neighbour was present within 15m. The mean percent on days with none, 

one or two or more females fully swollen axe compared in Table 7.IX(a), 

Male neighbour-presence decreased significantly when one female was 

in oestrus, but then increased slightly when more females were in 

oestrus. Over 83 days considered, mean male neighbour frequency was 

not correlated with abundance of fully swollen females (r 5  -.129, 
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Table 7.DC: 	Association between males compared with the number of 

fully swollen females in the troop (excluding vii). 

Comparison of days (pooling all males): pooled male—neighbour 

frequency, mean values across days, with standard deviation in 

brackets. 

Number of females: None One Two or more 

N (days) (48) (18) (18) 

Mean neighbour frequency 44.3 36.7 42.5 

s.d. (13.4) (13.3) (12.8) 

t—test: 	t: 2.06 1.34 

Cif : 63 34 

P.: p<.05 n.s. 

Comparison of males (pooling all days): male—neighbour 

frequencies, by class of subject and neighbour. Means 

across subjects. The ratio shows the number of males 

whose neighbour—frequency increased:decreazed as more 

females were in oestrus. Ad = adult. Sub = subadult. 

Number of females: 

Subj; Neighbour. 

Ad : Ad. 

ratio 

Ad : Sub. 

ratio 

Sub: Ad. 

ratio 

Sub: Sub. 

ratio 

None One Two or more 

25.4 18.5 26.5 

1:7 5:2 

16.5 11.5 14.0 

2.6 4.4 

35.2 36.5 35.5 
0'0 
." 

13.1 11.4 8.4 

2.2 3.1 



n 83, n.s.). 

The data were also analysed in terms of males rather than of days. 

For each male was calculated the percent presence of adult or subadult 

male neighbours in all of its samples taken on each of the three 

categories of days. The pattern described above was only evident 

for adult subjects, and was not common to all of them (Table 7.IX b). 

In summary, male-male aggression was likely to be more frequent 

when one or more females were fully swollen. This is probably more 

than can be explained by seasonal effects, and is contrary to Hausfater's 

findings. Secondly, there was only slight evidence that males spread 

out more when one female was fully swollen, most obvious for adult 

males: but this again might be a seasonal effect, since days with one 

swollen female were more frequent in the dry season when the troop was 

often more dispersed. 

7.5.8 Summary of adult-male/female behaviours 

These data agree with most details of consort relations at full 

swelling described elsewhere (7.5.1). One detailed contrast was that 

females increased their grooming of males at full swelling (cf. 

Ransom, 1971). The observed pattern of numerous short consortships 

in each cycle, with agonistic changeovers by males, agrees with the 

pattern attributed to East African baboons by Seyfarth (1978a), in 

contrast to the extended and peacable consortships of chacma baboons. 

Because consort relationships were exclusive, increases in male-

female interaction at full swelling were largely accounted for by 

interaction with one male at a time (the consort) rather than a 

generalised increase in interaction with all males at once. The 

greater association of high-ranking adults with fully swollen females 

reflects their higher copulation rates (8.3.3). The rate of intro-

mitted mounts by adult males at full swelling was 0.68 per hour 

(s.d. 0.22; mean subject rates over six females). With observability 

correction this approximates to 1.22 mounts per hour, and with 54.81/6 

of such mounts ejaculatory at this stage (Table 7.XVI) suggests a rate 

of 0.67 inseminations per hour. 

The most striking finding was the contrast between resumption and 

subsequent cycles. The higher present-rates in the former, and the 

greater consorting activity and male competition in the latter, suggest 

that females' attractiveness was lower in resumption cycles, although 
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swelling size was not obviously less. 

INTERACTIONS WITH SDBADUIT MALES 

7.6.1 Previous studies show that subadult males interact increasingly 

frequently with females through inflation, particularly in copulation, 

but that their access to fully swollen females is limited by the adult 

males' consortships (Hall, 1962; Saayman, 1970; DeVore, 1965; 

Ransom, 1971; Cheney, 1978). 	Subadui.ts seldom consort, but attempt 

opportunistic copulation when consort males are otherwise engaged 

(Hausfater, 1975; 	cf. Cheney, 1978). 	Their access to females 

resumes during deflation (Saayman ibid.). 

The subadults in this study were old enough to be fertile (Altmann 

et al., 1977; Packer, 1979a). 	Their rates of interaction were 

insufficient for comparison with those of adult males. 

7.6.2 Association 

The frequency with which cycling females had subadult male 

neighbours was apparently unaffected by cycle state, (Table 7.Xa), as 

was the number of subadults nearby (b). Furthermore, equal numbers 

of subadult/female pairs increased and decreased their neighbour- 

frequency with each cycle-state change (c). Male rank had no effect (Tab. 7.XI). 

7.6.3 Interactions 

There were no changes in interaction-rates consistent across cycles 

(Table 7.XII). Although mean rates of interactions and intromitted 

mounts were higher at full swelling, females varied considerably. 

Rates of interaction at full swelling in each cycle were compared with 

the percent of time for which the female was consorted by adult males. 

The rates of all behaviours pooled (except intromitted mounts) were not 

related to consort-time (r -.548, n 9, n.s.), but intromitted mounts 

were more frequent in those cycles in which adult males consorted less 

(r -.770, n  9, p <.05). 

INTERACTIONS WITH ADULT FEMALES 

7.7.1 It is now generally agreed that female dominance relationships 

are not affected by cycle-state or consortship (Rowell, 1968; Hausfater, 

1 975; Nowell & Heidrich, 1978). 	However, Seyfarth (1978a) noted that 

consorting females ignored threats more, and were often aided by the 
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Table 7.X: 	Females' association with subadult males. Mean scores 

over all females for (a) percent samples with one (or more) subadults 

in 15 m on the minute; (b) number of subadults in 15 m during those 

through—minute samples in which at least one was near; (c) number 

of subadult male/female pairs whose dyadic neighbour frequency increased 

or decreased with each cycle—state change, through—minute data. 

Inflation Full Deflation Flat 

 Subadult(s) %: 10.1 10.3 16.0 9.2 

near. 	sd: (3.9) (11.9) (i.o) (io.$) 

 Number of 	x: 1.2 1.4 1.0 1.1 

suba4iults. 	sd: (.0) (.3) (0) (.1) 

 Pairs increase: 8 5 4 

decrease: 9 6 5 

Table 7.XI: 	Subadult males' dominance ranks compared with association— 

frequency with females at each stage of the perineal cycle. Spearman 

rank correlations, n = 4. 

Inflation Full Deflation Flat 

r5 . inc. P11: 	—.800 .200 —.400 .400 

exc. Fil: 	—.800 —.400 —.400 .400 
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Table 7.XII: 	Pooled mean rates per hundred hours at which cycling; 

females interacted with subadult males. Means taken over all females, 

standard deviations in brackets. S = subadult. F = female. 

Inflation 

S agon .81 (.59) 

F agon .17 (.28) 

Grooming .79 (.88) 

F presents .17 (.20) 

S greets rear .26 (.25) 

S mounts w'out .57 (.56) 

S possessive .53 (.55) 

all the above: 3.18 (1.19) 

Intro. mts 	3.27 (3.12) 

Full 

1.09 (1.33) 

.36 (.44) 

.82 (2.00) 

.18 (.32) 

.30 (.47) 

.48 (.68) 

.66 (.90) 

3.89 (5.13) 

7.20 (5.91) 

Deflation 

.66 (i.io) 

0 

	

.27 	(.55) 
0 

0 

.85 (i.io) 

	

1.17 	(1.16) 

2.95 (2.72) 

2.86 (2.52) 

Flat 

	

.37 	(.46) 

	

.28 	(.33) 

	

.20 	(.24) 

	

.04 	(.08) 

.78 (i.o) 

.86 (1.41) 

	

.24 	(.31) 

2.70 (2.31) 

	

.12 	(.is) 

floral 



consort male; and Hausfater (1975) found that fully swollen females 

conceded defeat less than usual. While some studies suggest that 

swollen females are involved in more aggression (Bolwig, 1959;  Howell, 

1967a), others note the opposite (Saayman, 1972;  Seyfarth, 1978a), 

and Hall (1962) made the curious observation that mating between one 

female and the a-male caused increased aggression among other females. 

While oestrus females in some species may encounter competition for 

access to the male (e.g. Non, 1979, Ch. it), yet Seyfarth (1976) found 

in chacma baboons that such competition was equally frequent at other 

times in the cycle. 

It has also been reported that a swollen female grooms other females 

less as her attention becomes focussed on the consort male (Rowell, 1968; 

Saayman, 1971a; Evans, 1974), although Seyfarth's findings were 

equivocal. Reports of homosexual mounting by swollen females have been 

mentioned in 5.7.3b. 

7.7.2 Association 

Females' association was not consistently affected by cycle-state 

(Table 7.XIII); again, females varied considerably. However, female 

associates were significantly more frequent in the flat stage than they 

had been in inflation (Wilcoxon P = 1, n 7, p <.05). 

7.7.3 Interaction 

The rates listed in Table 7.XIV yield only two consistent tendencies. 

First, females supplanted less at full swelling than they had in inflation; 

and secondly, rates of all behaviours (pooled) decreased from full 

swelling to deflation. Other detailed changes which appeared consistent 

were that at the start of full swelling females were avoided more (6 of 

8 cycles), received fewer supplants (6 of 7 cycles), and received more 

aggression (5 of 7 cycles), but these were not significant. All 

cycling females gave more grooming than they received in most states, 

but this characteristic was exaggerated at full swelling. There was 

no obvious relationship between cycle-state and the tendency to give 

or receive mounts with other females. 

No relation was found between the percent of time in consort at 

full swelling and either (a) interaction rate with females during full 

swelling (r -.183, ri 9, n.s.), or (b) percent change in interaction 

rate with females between inflation and full swelling (r 5  .183,  n  9, 

n. s.). 



	

Table 7.XIII: 	Cycling females' association with other females 

in each cycle-stage. Mean scores over all females for percent of 

samples with one or more adult females within 15m. Standard 

deviations in brackets. 

Inflation 	Full 	Deflation 	Flat 

Female neighbour 

52.1 	 57.6 	 60.6 	 68.7 

	

ad. 	(20.2) 	(18.2) 	 (7.3) 	(19.7) 

	

Table 7.XIV: 	Cycling females' pooled mean rates of interaction with 

other females through the cycle; standard deviations in brackets. 

C = cycling female, 0 = other females. * indicates change p< .05. 

Inflation Full Deflation Flat 

o avoids .09 (.09) .21 (.18) .13 (.22) .04 (.06) 

C supplants .48 (.26) * .27 (.28) .38 (.40) .30 (.21) 

C aggress .16 (.16) .21 (.21) .23 (.20) .11 (.13) 

C avoids .09 (.10) .09 (.ii) 0 .03 (.04) 

0 supplants .21 (.18) .18 (.38) .10 (.19) .13 (.11) 

o aggress .15 (.15) .30 (.36) .18 (.21) .05 (.05) 

C grooms .41 (.19) .41 (.29) .13 (.25) .27 (.18) 

0 grooms .27 (.08) .17 (.13) .17 (.20) .33 (.ii) 

Mounting .10 (.09) .24 (.16) .15 (.19) .15 (.14) 
0 

All the above 1.94 (.49) 2.06 (.53) * 1.47 (.54) 1.39 (.37) 
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DITERACPIONS WITH INMATU1ES 

7.8.1 Cheney (1978 ) noted that immature males tended to interact with 

cycling females while immature females interacted more with lactating 

females. Young males mount and copulate during inflation, but as 

with subadtlts their access at full swelling is limited by the 

consortship of the adult males (DeVore, 1965; Saaytian, 1970), except 

to those females least favoured by the adults (Cheney, 1978). 

Rates of interaction are presented as subject-rates. They may be 

approximated to dyadic rates by dividing by 40, or for male immatures 

only by 20 (e.g. intromitted mounts). Because of small sample-size 

it has been necessary to pool interactions given and received in agonism, 

grooming, and sociosexual interaction (the latter includes female 

presents, male mounts, and male greets and inspects rear). 

7.8.2 Interactions 

Analysis of the subject-rates of interaction in Table 7.XV showed 

no changes which were consistent. Most obviously the mean rates of 

agonism and copulation were highest at full swelling, but not signif-

icantly. Immatures showed possessive behaviours like those of 

consorting adult males quite frequently, but never persistently enough 

to be declared in consort. The decline in copulation rate after full 

swelling occurred rather later than it did for older males. 

The amount of time the females consorted with adult males at full 

swelling was not related to their rate of interaction with immatures 

(all behaviours except intromitted mounts, pooled: r 5  .200, 9 cycles, 

n.s.). However, intromitted mounts were more frequent in those cycles 

in which the adult males consorted less (r 5  -.906, n 9, p <. oi). 

SUMMARY: CYCLING FEMALES' INTERACTIONS WITH SDBADULT MALES, 

FEMALES, AND ThMATUBES 

7.9.1 The preceding three sections provide little evidence that cycle-state 

consistently affects interaction-rate with animals other than adult males. 

However, females received intromitted mounts from both subadults and 

immatures more frequently in those cycles in which adult males consorted 

less. This may explain why there was not a universal tendency for 

these interactions to occur more at full swelling consistently in all 

cycles. 
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Table 7.XV: 	Cycling females' subject.- rates of interaction with 

immatures, per 100 hours, with standard deviations in brackets.. 

Inflation 

Agonistic 5.6 (3.2) 

Grooming 4.8 (3.2) 

Sociosexual .15.6 (13.6) 

Possessive 4.8 (5.6) 

All the above 31.2 (19.2) 

Full 

	

8.8 	(4.0) 

	

2.8 	(2.8) 

	

12.0 	(8.8) 

	

2.8 	(2.4) 

	

27.6 	(5.6) 

Deflation. 

	

2.8 	(3.6) 

	

3.6 	(4.4) 

11.6 (10.4) 

	

8.4 	(5.6) 

26.4 (17.6) 

Flat 

	

8.0 	(4.4) 

	

.8 	(.8) 

	

6.8 	(2.4) 

	

.4 	(.8) 

16.4 	(6.0) 

Intro, mounts: 
34.4 (22.8) 52.8 (34.4) 32.4 (18.8) .8 	(1.2) 
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There was no evidence that cycling females groomed less with other 

females at full swelling, in contrast to studies mentioned above, but 

they did supplant females less at this time. The evidence that they 

associated with other females more during the flat stage supports 

Saayman's findings (1971a). Otherwise females' interactions together 

were little affected by cycle state. 

10. ccia STATE AND INTROMITTED MOUNTS 

7.10.1 Previous authors have noted that cycle stages vary in the 

proportions of copulations attained by each male-class (Saayman, 1970; 

Cheney, 1978), in the females' response to copulation, and in the 

male's likelihood of ejaculation (Saayman ibid.; Ransom, 1971). 

The interaction of these factors is investigated in the following 

section. 

7.10.2 General findings 

Although all male classes mounted with intromission at higher rates 

at full swelling, yet only adult males achieved most of theirs at this 

stage (Fig. 7.7). All male classes also showed the ejaculatory pause 

more often when mounting fully swollen rather than inflating females 

(Table 7.XVI). However, this finding from pooled data may be biassed 

by over-contributions from particular females in particular cycle 

states, because (a) male classes did not copulate equally with all 

females in all cycle states (Table 7.XVII, Appendix II) and (b) the 

likelihood the male showed the pause was affected by the identity of 

the female (Table 7.XVflI,Append-ix II). This last was partly 

because adult males showed the pause more with females P5 and FE, 

both of whom underwent subsequent cycles, than with females who were 

only seen in resumption cycles. 

1 further complicating factor was that the females' response to 

copulation was related to the occurrence of pausing by the male. 

When a male dismounted from intromission, the female would often run 

ahead (the "withdrawal response") giving the distinctive copulation 

call. During observations, the females response to intromitted mounts 

was classified as in Appendix I, xvii. Locomotory response was 

categorised in 89% of intromitted mounts, from 0 - no movement - to 2 

- a full run. Vocal response was categorised in 97% of copulations 

from 0 - none audible - to 2 - the full copulation call. Table 7.flX 
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FIG. 7.7 

7.7. Male classes compared for the percent of their 
intromitted mounts which occurred with females in each stage 
of the perineal cycle. Stages labelled ± - inflation, 
fl - full swelling, d. - deflation, f - flat. Note that 
although all classes interacted at highest rates at full 
swelling (7.5.3, 7.6.3, 7.8.2), yet due to the greater length 
of inflation the immatures and subadults acheived the greatest 
number of their intromissions at that time. 
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Table 7.XtTI: 	The proportion of each male—classes' intromitted 

mounts in which the ejaculatory pause was seen, as percent of those 

in which it could be scored present or absent. 	 - 

Inflation Full Deflation 

Males: n n n 

Immature: 12.1 	(91) 26.6 (35) 41.7 	(12) 

Subadult: 8.3 	(24) 41.7 (24) 0 	(3) 

Adult: 20.8 	(24) 54.8 (93) 80.0 	(5) 

Table 7.XIX: 	All introiAtted mounts, classified by vocal and 

locomotory response. 

Vocal: 

2 
Locomotory: 	2 25 23 14 8.7 

1 45 137 161 48.3 	-X2 	188.47 

2 3 37 265 43.0 	df 4. 	p <. 001 

% 10.3 27.8 62.0 

Table 7-fl: 	Intromitted mounts: vocal response compared with 

incidence of ejaculatory pause: 

Vocal response: 

2 	1 
No pause: 	 60 	80 	76 	,c2 43.21 

Pause: 	 8 	17 	74 	df 2. p COOl 
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FIG. 7.8 
MALES 
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FEMALES: INFLATING FULL DEFLATING 

Fi g. 7.8. Females' vocal response to intromitted mounts, subdivided 
according to female cycle state and the class of the male partner. 
For each female was calculated the percent of her intromitted mounts 
with each response from 0 (no response) to 2 (full copulation call). 
These results are portrayed as mean values across the six females, 
with range, in each combination of cycle state and male partner. 
Females appeared to respond most at full swelling and in deflation. 
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shows that these gradings coincided in 60.1% of cases, and because they 

were not independent only vocal response is considered below. The 

female vocal response appeared more intense in those intromissions in 

which the male showed the pause (Table 7.fl). However, not only was 

vocal response linked to the pause, but so also was it affected by 

cycle-state (Fig. 7.8): all classes of male received greater response 

at full swelling. The considerable variance in this figure is 

because females varied widely in responsiveness, even under the same 

conditions (Table 7.XXI: Appendix II). 

These pooled data therefore suggested that cycle state, male 

ejaculation, and female response were related variables. But the 

pooled data could not be analysed since they comprised different 

contributions in each cycle state from particular females who varied 

in responsiveness and whose identity affected the probability the 

male would ejaculate. For analysis therefore, the data were broken 

down into subsets, separating all variables except the two being 

compared, and treating each subset as an independent sample. For 

example, the relation between male pause and female response was 

examined within every possible combination of female identity, cycle-

state, and male-class. The nul hypothesis in each case was that the 

independent variable would be in constant proportion in the two 

conditions of the dependent variable: for example, that females would 

show full vocal response equally in mounting with or without the 

ejaculatory pause. This was tested in every subset of female/cycle-

state/male-class for which data were available, and variations scored 

merely greater or less than expected. Then the proportions of subsets 

greater or less than expected were compared with 50:50 expectation by 

sign test, two-tailed. 

7.10.3 Detailed findings 

All the data here described are shown in Appendix II, Tables 7.JCCtI 

to 7.flVI. 

Hypothesis 1: Male classes differ in the proportion of intromitted 

mounts in which the ejaculatory pause occurs, from data in Table 7.JCCI, 

adult males paused more than did subadults in L of 9 cases (n.s.), and 

adult males paused more than did iatures in 9 of 11 cases (rl.s.). 

Hypothesis 2: The likelihood of ejaculatory pause differs in each cycle 

state. The data in Table 7.JGCII show that males paused proportionately 
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more with fully swollen than with inflating females in 9 of 13 cases 

(n.s.), and that males paused more with deflating than with fully 

swollen females in it of 9 cases (n.s.). 

Hypothesis 3: Females' response to intromitted mounts is affected by 

the class of the mounter. Table 7.JOCIV shows that adult males 

received greater response than subaduJ.ts in 3 of 8 cases (n.s.), and 

that adult males received greater response than immatures in 7 of 15 

cases (n.s.). 

Hypothesis L: The intensity of female response differs in each cycle 

state. It is evident in Table 7.flV that females gave full response 

more often at full swelling than in inflation, in 16 of 19 cases 

(p c.oi). However, full response was only more frequent at deflation 

than full swelling in 2 of 6 cases (n.s.). 

Hypothesis 5: Female intensity of response is affected by the presence 

or absence of the ejaculatory pause. Table 7.flVTI shows that full 

response was more frequent in copulations with the pause in 16 of 20 

cases (p  <.02). 

Conclusions: By the procedure of holding constant all variables and 

then comparing two at a time, there is evidence that females' full 

vocal response was more likely (a) at full swelling than in inflation, 

and (b) in those mounts in which the male showed the ejaculatory pause. 

It seems likely also that other relationships would have been found 

(e.g. ejaculation/cycle state) with more data. 

7.10.4 Discussion of intromitted mounts 

Hall (1962) and Saayman (1970) noted that the females' response to 

copulation appeared to be involuntary, and Saayman suggested that it was 

consummatory and led females to prefer adult males as sexual partners. 

Chacma baboons give the copulation call in the majority of intromitted 

mounts (92%, Hall, 1962; 100%, Hamilton & Arrowood, 1978), but olive 

baboons do so less frequently (10%, Ransom, 1971; 30%, Hall & DeVore, 

1965). The yellow baboons at Ruaha appeared intermediate between 

these two extremes: the full copulation call was given in 62% of 

intromitted mounts, and no call at all in 10%  (Table 7.XIX). As 

elsewhere, the females' response appeared involuntary; there are 

reports of females giving the call during defecation, and when an 

adult male walks close by. The latter was seen several times for 

the sick female Fil: she also gave the call when wading in leg-deep 



water, and as she sat on a branch, suggesting it was elicited by 

tactile stimuli (also Deputte & Goustard, 1980). 

The proportion of adult males' intromitted mounts which included 

the ejaculatory pause (54- 8/1 0 at full swelling, SC% overall) compares 

with 1 8% for chacma baboons (from Saayman, 1970), Gc% for olive 
baboons (Ransom, 1971; Owens, 1976) and 74 to 78% for yellow baboons 

at Amboseli (Hausfater, 1 975). Female cycle-state did not consistently 

affect the proportion of ejaculatory mounts (despite the pooled data 

in Table 7.171) which is as reported for gelada by Dunbar (1978a). 

The fact that immature males showed the pause in 18 1/6 of intromitted 

mounts aligns them again with olive baboons, which show this pattern 

(0-259/o, Owens, 1976) rather than chacma, which do not (Saayman, 1970). 

This difference may therefore reflect the series-mounting which is 

reported for chacmas in contrast to the single-mount copulations of 

olive baboons (Hall & DeVore, 1965). 

Females' vocal response seemed unaffected by the age of the male 

(cf. Hamilton & Arrowood, 1978), but was more intense at full swelling 

(as found for younger males, but not full adults, by Saayman, 1970; 

and Ransom, 1971). However, the most striking finding was that 

females were more likely to give full copulation calls after those 

mounts in which the male had ejaculated (also Deputte & Gousta.rd, 

1980). Macaque females also show a clutching response which coincides 

with male ejaculation (Slob et al., 1978) which some consider may 

represent orgasm (zumpe & Michael, 1968; Chevalier-Skoln.ikoff, 1974; 

Wolfe, 1979). Thus female responses may well be called consummatory: 

for example, Zumpe and Michael(1977) found that females solicited males 

more after the male had ejaculated. 

Even though call and ejaculation may coincide, it is not necessarily 

true that ejaculation causes the female response. There may be changes 

in the female which promote both the ejaculation (Allen & Lemmon, 1981) 

and the female response. Although adult males did not ejaculate more 

at full swelling, they tended to ejaculate more with the two females 

who underwent subsequent rather than resumption cycles (Table 7.X7Ifl), 

although the two types of cycle did not differ significantly in this 

(u = 6, n 4,5, n.s.), nor did these females call more (Table 7.JCCI). 
Also, the clutching reaction of rhesus females begins before 

ejaculation (Zumpe & Michael, 1968) and there is recent evidence 
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that orgasm may be accompanied by uterine contractions in stumptail 

macaques (Gold.foot eta].., 1980). Against all this, however, Evans 

(19714) found that olive baboon females gave the call more in mounts 

when males did not ejaculate, and Saayman (1970) considered response 

to be independent of ejaculation. 

11. DISCUSSION 

7.11.1 Physical features of the female cycle 

a) Can males detect ovulation? Neither male nor female gametes remain 

viable in the female reproductive tract for very long: in humans, sperm 

survive up to 148 hours, ova only for 214 (Restall,  1967,  Thibault, 1972). 

If males could recognise the time of ovulation, their reproductive 

effort would be more efficient and more successful; but what cues 

might they use? Absolute swelling size, which varies •between females, 

can be discounted, but there is a transient lapse in swelling-size 

around d-3 or d-2 (Gillman, 1937;  Gillman & Gilbert, 19146; Hendricicc 

& Kraemer, 1971; MacLennan & Wynn, 1971; Evans,  19714) apparent in 

three cycles at Ruaha (d-L & d-1). In some females, the vagina showed 

a whitening of the lower lip, or a tendency to open, which in some 

cycles coincided with increased consortship. 

Olfactory cues might also be available. Vaginal fatty acids 

which affect mating in rhesus monkeys (Michael & ICeverne, 1968) also 

occur (albeit at lower concentrations) in baboons, peaking at midcycle 

(Michael et al., 1972). Internal changes near ovulation, which males 

might detect, include epithelial shedding (Zuckerman & Parkes, 1 932 ), 

increase in leucocytes (Gillman, 1937)  and mucus (Hendrickx, 1967), 

and release of glycogen (MacLennan etal., 1971) which may be converted 

to lactic acid (Katzberg, 1967). Bacteria may play a large part in 

the production of these acids (Michael et al., 1972),  so that they are 

not true pheromones in the strictest sense. However, males do sniff 

the vagina (Hall & DeVore, 1965; Ransom, 1971),  especially in deflation 

(7.5.3c, also below); and they often stop consorting a female before 

the onset of deflation (Saayman, 1970; Evans, 19714;  Seyfarth, 1978a, 

pers. obs. at Gombe and Ruaha), both of which suggest an awareness of 

olfactory state. 

However, males do not behave as though they recognise ovulation 

exactly. Hendrickx and Kraemer (197 1 ) found that conception probabilities 
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were quite high between d-7 and d-i, and Seyfarth (1978a) observed 

conception in several cycles which were not consorted at all On d-3. 

Although a-males may tend to consort more on this day (Hausfater, 

1975; Packer, 1979a), and secondly males appear to consort more in 

those cycles in which conception occurs (Seyfarth ibid.; Packer ibid.) 

yet in all studies, males willingly consort and compete on many days 

and indeed in whole cycles in which conception did not occur. Overall, 

it appears that males behave according to the broad probability of 

ovulation, but cannot detect it exactly. 

Adult males therefore tend to restrict copulation and consortship 

to fully swollen females, and this selectivity appears to be learned 

because subadult males mounted inflating and deflating females at 

higher rates than did adults. This raises the question of what 

reinforces mating hearer full swelling: is it merely the willingness 

of the female to mate, or are there tactile cues during copulation 

(e.g. Erikson, 1967)? Either of these could become associated with 

particular olfactory stimuli. 

7.11.1b) The function of the swelling If swellings do not signal 

ovulation, but merely bracket its occurrence very widely and indicate 

a probability which is at no time very high, what then is their 

function? The strongest evidence may be found in their distribution 

among Cataxthines: although swellings are more common in some 

lineages, yet their distribution coincides more closely with social 

organisation. They more frequently occur in species that usually live 

in multi-male groups (Olutton-Brock & Harvey, 1976; Short, 1979; 

Sadler, 1980). Struhsaker and Leland (1979) suggest that this is in 

part because swellings would facilitate the a-male's monitoring of 

female reproductive state, allowing him to tolerate other males as 

group residents (for other benefits). Conversely, without swellings 

the a-male would have to exclude rivals, forming a one-male group. 

However, there is convincing evidence that social organisation is 

determined primarily by the feeding strategy and dispersion of females 

(Wrangham, 1980), and that if this permits formation of multi-male 

groups, swellings will then be favoured as a device for mate-selection. 

That is, they may attract a range of males for comparison and active 

selection by females (Harcourt & Stewart, 1977; Tutin, 1979a) or 

they may induce competition between males in which stronger or higher- 
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ranking males would be favoured (Glutton-Brook & Haney ibid.; 

Cox & LeBoeu.f, 1977). 

Two other functions may be suggested. First, swellings might 

attract i rnmi grant males from other groups, enhancing outbreeding and 

intensifying male-male competition. This is supported in that adult 

males migrate into troops containing more cycling females (Packer, 1979a), 

and in that cycling females may move so as to maximise the chances of 

encountering other troops (Packer ibid.; Rasmussen, 1979). Reduction 

of inbreeding might also explain the presence of swellings in the one-

male groups of hanadryas; females transfer between units and between 

bands (Sigg, Stolba et al., in press), and the presence of swollen 

females increases the chances of male-male conflict in which female 

transfer may occur (A. Stolba, pers. comm.). This does not however 

explain their rarity in other species living in one-male groups, unless 

the probability of male takeover is there determined more by the 

strength of the unit-male than by the number of females in the unit 

(e.g. Dunbar & Dunbar, 1975, p.112). 

Finally, the extended period of swelling may even have been 

selected to conceal the time of ovulation. If males bias their 

protectiveness to the infants of females with whom they have mated 

(Altmann, 1980; but cf. Seyfarth, 1978b; Packer, 1980; also Angst 

& Thommen, 1977) a female may secure more protection for her infant by 

mating with a variety of males (Urdy, 1979b), and this would be 

facilitated by the attractiveness and duration of the swelling. Such 

behaviour might also reduce the likelihood of infanticide (Altmann 

et al., 1978) as suggested for the pseudo-estrus of Hanuman. langurs 

(Bray, 1977, p.2814. 

7.11.1c) Why repeat cycles? Two of these arguments, (active mate-

selection, and the possibility of inducing male protectiveness) may 

also offer advantage in the fact that females cycle several times before 

conceiving (Means of 14.3 times at Rua.ha, 14.14 at Gombe (unpubl. data), 
14.0 at flboseli (Altmann et., 1978)). However in proximate terms 

this may merely indicate that the reproductive system must cycle a few 

times before it is ready to conceive. First, hormonal feedbacks might 

not at first be fully expressed: which is supported in that the 

resumption cycles showed less consortship, suggesting that females were 

less attractive and their oestrogen levels perhaps lower (Keverne, 1976). 
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Secondly, early cycles might be anovulatory if prolactin levels are 

raised by persistent suckling (Short, 1976 & refs. therein; Bowman 

et al., 1978). Thirdly the nutritional drain of lactation (Altmann, 

1980) may affect reproductive cycles (Frisch & McArthur, 1974; but 

cf. Huffman et al., 1978): this is suggested by the fact that five 

females resumed cycling within one week after the onset of the rains, 

although it is not certain that food availability had sufficiently 

increased by then. Overall, hormonal and nutritional explanations for 

repeated cycling are equally supported by the fact that females who 

miscarry or lose young infants resume cycling sooner, and take fewer 

cycles to conceive, than those who do not (Altmann fl., 
7.11.1d The copulation call The female copulation call is typically 

restricted to the period of swelling. It indicated here (a) that a 

female had just been mated, and (b) a probability that the female was 

near ovulation (i.e. fully swollen) and had been ire eminated;- it also 

probably revealed her identity (Hamilton & .Axrowood, 1978). Because 

it may clearly inform males of these details, it might also induce 

male-male competition (as in Cox & LeBoeuf, 1977). Although rival 

males seldom responded immediately to this call, yet their interventions 

in mating pairs were anyway seldom direct (Chapter 8). Therefore the 

copulation call may share this function with the swelling; Struhsaker 

(1975, p.111) noted that calls and large swellings were found in the 

same subspecies of red colobus. The rarity of copulation calls in 

hamadryas (Stolba, pers. corn.) is also consistent with this hypothesis, 

but the copulation-call of gelada cannot be explained in the same way 

(Dunbar & Dunbar, 1 975; Mori, 1979, Oh.  7). 

7.11.1e) Summary Overall, the lack of an exact index of ovulation, 

the conspicuousness of the swelling, the information content of the 

copulation call, and the duration and repetition of oestrus, all appear 

to increase the costs of mating for males. That is, they were associated 

with much consortship and some aggressive competition, at tines when 

conception did not occtu'. The argumenb above suggest that this may 

benefit the females in terms of mate-selection and possibly protection 

for their infants. 

7.11.2 The behaviour of male and female 

a) Female behaviour Laboratory studies of macaques have isolated three 

components of female mating behaviour. These are proceptivity (Beach, 

1976), receptivity and attractiveness (Iceverne, 1976). 	The Ruaha 
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females gave evidence of greater receptivity at full swelling in that 

they avoided fewest mounts, at this stage. This suggests that they 

were behaviourally more receptive, or that intromission was easiest 

at this time. However, males sometimes showed laboured pelvic thrusting, 

and sometimes problems in intromitting, even on fully swollen females. 

Conversely, a male intromission attempt on d+2 caused a female to 

shake as though in pain. Attractiveness also appeared greatest at 

full swelling. At this time adult males gave more rear-greetings, 

(of which more were unsolicited), and showed more consort behaviours, 

time in consort, and agonistic takeovers; and mean rates of intro-

mitted mounts were particularly high. However, males' responses to 

presents were not greater (also Chalmers & Howell, 1971), perhaps 

suggesting that they were more inhibited from response to fully 

swollen females (5.7.3c). Finally, males' inspection of the swellings 

became proportionately more frequent in deflating and flat stages (also 

Hausfater, 1 975; Dunbar, 1978a; Seyfarth, 1978a) as though the condition 

of the female was less evident than it had been at full swelling (also 

Goodall, 1968). 

Two patterns which appear proceptive (standing next to, and grooming 

the male) were most frequent at full swelling. However presenting, 

which is often interpreted as a proceptive pattern (Beach, 1976)  was 

not generally more 'frequent at this time (7.5.3b). Rather, it was more 

frequent in resumption cycles, that is, cycles in which males consorted 

less. And for female P5 it was most frequent in the cycle in which 

her usual male consort did not consort her. This pattern agrees with 

Seyfarth's (1978a) observation that swollen females desist from 

presenting once they are in consort, true also of olive baboons at 

Gombe (pers. abs.). Evans (1974) also noticed a decline at full 

swelling. Presenting obviously emphasises the visual stimulus of 

the swelling, and possibly olfactory stimuli: but females did not 

always accept mounts they had elicited by presenting, and since it was 

so seldom responsible for initiating copulation (5.5.1, 7.5.30)  it 

may instead function to solicit male possessiveness and consortship. 

It may also express preferences for particular males (8.4.5a). 

The cycle of the sick female F11 was unusual in that although she 

showed a normal swelling, presented quite frequently, and was responsive 

(by copulation call) to tactile stimuli, yet she received few mounts 
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and no possessiveness, and appeared to be unattractive. 

7.11.2b) Male behaviour A male can increase his relative mating 

success by fertilising as many females as possible, and by preventing 

other males from doing so. If ovulation-probability can only by 

roughly estimated, males might be expected to circulate among swollen 

females, mating frequently, and reproductive success would depend on 

gamete output. There is indeed some evidence that selection has 

favoured high sperm production in males (Collins, 1978). Two factors 

however would militate against the success of this. First, it is 

often the case that only one female is in oestrus at a time, in which 

case mating success would be assured for any male who could both 

copulate and guard her, at no cost in terms of opportunities lost to 

mate other females. Secondly, if competition was only at the level 

of mating frequency, the success of a male would be affected less by 

his ability to produce sperm than by the number of his competitors. 

If there were many males, each male's chance of fertilising any one 

female by completely promiscuous mating would be so low that he would 

gain less by searching for other mates than he would by staying to 

guard any female with whom he had just mated: i.e. monopoly would be 

more important than inseminating ability. Consortship is therefore 

comparable to the female-guarding discussed by Parker (1974). 

The behaviours whereby male baboons monopolise swollen females 

constitute extreme social possessiveness (Kummer, 1 973). The 

consort relationship is less reciprocal than that reported for 

macaques (e.g. Carpenter, 19U2a), in that the male follows the female 

and initiates most interaction. His behaviour appears to achieve 

monopoly in three ways. 

by reassuring the female; e.g. grooming. 

by preventing her interacting with other males; e.g. by herding, 

shielding, and by grooming which causes her to stay close. 

by advertising the consortship to rival males; e.g. any of the 

behaviours above makes it obvious that a pair are in consort, 

and this may inhibit rivals (8.5. 2 ). For example mounting was 

quite often an apparent response to the presence of rival males 

or other troops. 

Male consort behaviour includes less aggressive or coercive 

behaviour, to shape the responses of the female, than is reported in 
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macaques (examples given by Carpenter, 19L42a; and Lindburg, 1971, 

p.66) and chimpanzees (Goodall et al., 1 979, p.50; Nishida, 1979). 

Possibly the greater sexual dimorphism in baboons dictates that the 

male's priority is to overcome the female's fear of him rather than 

to enforce her co-operation. However, coercion was seen during 

herding, and occasionally preceded mounting. 

Overall, consortship was the means by which higher-ranking males 

attained greater mating success (Ch. 8), and it also excluded the 

subádult and immature males from access to mate with some fully 

swollen females. Their consortship also was selective (8.4.2). 

7.11.3 Comparison with the hamadryas mating system 

Hausfater (1975) has pointed out that the short-term relationships 

within consort pairs of savanna baboons (i.e. chacma, yellow and olive) 

are very similar to the long-tern relationships whereby hamadryas males 

monopolise females of their units. Many of the possessive and coercive 

behaviours which savanna males direct especially to their consorts are 

used by hamadryas males to shape the behaviour of females in all 

reproductive states (also Cheney & Seyfarth, 1977). The male neck-

bite and female following response have been given particular prominence 

in this respect (Kummer, 1968), but they are less often given when the 

hamadryas female is in oestrus, at which time the unit-male follows 

and grooms the swollen female and generally behaves much more like a 

savanna consort male than usual (Kummer ibid.) 	Thus the main contrast 

in the species' behaviour is in males' relationships to non-swollen 

females. 

The mating pattern of the savanna males is apparently permitted by 

the females' tendency to form female-bonded groups which can monopolise 

patches of high-quality food (Wrangham, 1980). Males reside temporarily 

or permanently in these groups, establishing comparatively loose, non-

exclusive relationships among a wide range of females, which become 

exclusive only at oestrus, to preclude sperm competition. These 

relationships also permit males to protect possible offspring, but 

paternity is uncertain due to promiscuous mating. 

In contrast, because of the sparser pattern of food availability, 

hamadryas females do not form female-bonded groups (wrangham, 1980). 

Although in theory the males might associate loosely with a large 

number of females, consorting opportunistically, they do not. Instead, 
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they establish long-ten exclusive relationships with a small number 

of females, which include mating. Similar long-term bonds m= occur 
in savanna baboons, but they are seldom as exclusive (Seyfa.rbh, 1978b). 

It is not clear why hamadryas males do not consort at random, but two 

arguments favouring long-ten bonds with fewer females are as follows. 

First, hamadryas have a much longer day-range (Kummer, 1968; cf. 

Altmann & Altmann, 1970), and it may be too costly energetically for 

a male to compete with others for consortship over the entire week 

of oestrus (by analogy with Dunbar, 1978a). Secondly, if hamadryas 

females naturally tend to disperse in very small groups (as implied 

by the patterning of their food), males who associated and mated 

widely among such females would reduce their opportunity for 

protecting their offspring, and increase the risk of infanticide. 

Therefore longer-ten bonds assure both mating access and certainty 

of paternity, allowing male protection of offspring. 
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Mating Competition and Mate Selection 

1 . 

8.1.1 The theory of sexual selection predicts that male baboons may 

increase their reproductive success by maximising the number of their 

fertile matings, and that this will lead to competition between males. 

In contrast, female's reproductive success is more directly affected 

by energetic efficiency and parental care, but they may improve the 

quality of their offspring by selecting mates of high quality (1.3). 

Female baboons spend only a small part of their lives in the fertile 

stage of the menstrual cycle, and show no strong tendency to cycle 

in synchrony nor to breed seasonally. This means that in a multi-

male troop there are usually very few females receptive at once, but 

that all the resident males are available to mate; the scope for 

both male competition and female choice is therefore intensified. 

However, competition between females and choice by males may still be 

expected but to a lesser degree. 

•There are several reports emphasising mating competition between 

males, notably from Zuckerman (193 2 ), Maxim et al. (1963)i DeVore  (1965), 

Hausfater (1975) and Packer (1979a & b), although in other studies it 

was not evident (Hall, 1962; Howell, 1967a; Saayman, 1970; Seyfarth, 

1978a). 	Secondly, most authors have at least suggested that females 

may show preference for particular males (Marais, 1939; DeVore, 1965; 

Howell, 1967a; Hausfater, 1975) and data are provided by Saayman (197 0 ), 

Seyfa.rth (1978a,b), Packer (1979a,b) and Rasmussen (1980). 	There is 

also some evidence of female competition (Hall, 1962; Seyfarth, 1976): 

and males are reported to consort selectively (Ransom, 1971; Packer, 

1979b) or occasionally to refrain from consorting with particular 

females (Saayman, 1970; Seyfarth, 1978a; Packer, 1979b). 

The following sections document the pattern of non-random mating 

in the study troop. This is described first in tens of competition 

within each sex (part 3), examining in particular whether male dominance 
rank was related to mating success, and why. Secondly, an attempt is 

made to identify which pairs mated particularly frequently, and to see 

how such partnerships were formed (part li) to estimate the importance 
of mate selection. Initially, however, it Is necessary to determine 

how mating is to be quantified (part 2). 
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2. QUANTIFYING MATING: mounting, copulation, and consortship 

8.2.1 In this study, the male's rigid pause at the end of thrusting 

during intromitted mounts was used as an index of ejaculation (as in 

Saayman, 1970; Evans, 19714; Hausfater, 1 975; Packer, 1979a). 

The pause usually coincides with ejaculation during masturbation 

(Ransom, 1971). Because adult males only showed the ejaculatory 

pause in 51.8% of their intromitted mounts with fully swollen females, 

each male's rate of intromitted mounts would have provided an over-

estimate of mating success (in terms of possible inseminations). 

In their incidence of ejaculations per mount, the Ruaha baboons 

were intermediate between olive and chacma baboons (7.10.14. This 

reflects the fact that they sometimes ejaculated after only a single 

mount, as do olive baboons (Hall & DeVore, 1965; Ransom, 1971), but 

at other times only after a number of mounts, as do chacmas (Hall, 

1962; Saayman, 1970; also hamadryas, Kummer, 1968). 	in many 

introtnitted mounts it was not possible to see clearly whether the 

pause had occurred or not, and so in order to assess whether ejaculation 

might have occurred it was necessary to examine their distribution in 

time. 

8.2.2 Intervals between mounts and between ejaculations 

Table 8.1 shows that only in a minority of cases were non-ejaculatory 

mounts caused by the female leaving or by other animals interrupting: 

in the majority, the male appeared to withdraw voluntarily. Fig. 8.1 

shows the length of intervals between intromitted mounts of particular 

pairs of animals: mounts were very often repeated within 10 minutes, 

but with a second peak between 140 and 50 minutes later. This second 

peak was not found for subadult males, but data were scanty. Pig. 8.2 

confirms how particular pairs tended to mount between one and four 

times at intervals of just under an hour. 

The few reliable records of inter-ejaculation intervals of 

particular males are given in Table 8.11: most fell within 20 and 60 

minutes, and if those greater than 1140 minutes are excluded (because 

individuals were not continuously observed) the mean interval was 

145.1 minutes, coinciding well with the second peak in Fig. 8.1 and 

the main intervals in Fig. 8.2. Only one interval was less than 20 

minutes. The implication is that males may ejaculate about every 

145 minutes, but that several mounts may accompany each ejaculation. 
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Table 8.1: 	Termination of mounts. The number of intromitted mounts 

at full swelling by adult and subadult males in which the termination 

was visible : the percent of each type. 

Adult males: 

Subadult miles: 

Incomplete 

Male Female Other 
dismounts leaves Interrupts. 

32.3 10.8 2.2 

54.2 0.0 4.2 

Complete Total 

Male attains 
pause 

54.8 93 

41.7 24 

Table 8.11: 
	Males' intervals between successive ejaculatory pauses, 

in minutes. 

4, 24, 24, 40, 43, 45, 50, 50, 54, 57, 57, 60, 78, 

142, 173, 210, 297. 

Table 8.111: 	The single- and multiple-mount copulations of each male, 

with female partners at full swelling. In brackets are shown the number 

of intromitted mounts which contributed to the multiple-mount copulations. 

::Copulations. Percent of copulations 

Males Single Multiple. 
(mounts) 
(contrib) 

which were multiple-mts. 

Al 26 7 (22) 21.2 

11 5 (io) 31.3 

A3 33 9 (25) 21.4 

M 19 18 (43) 48.6 

A5 12 3 (io) 20.0 

A6 

A7 11 4 (io) 26.7 

A8 3 0.0 

Si 

52 9 1 (2) 10.0 

63 13 4 (12) 23.5 

54 11 3 (6) 21.4 
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Eta. 8.1 

No. of lnterrnowit Intervals 

0010 	30 	 60 	 90 	 120 	 160- 

interval-length in Minutes 

Etg- 8.1. Intervals between mounts. The number of intervals of 
different lengths between consecutive intromitted mounts within 
the same pairs of animals. The dotted line shows the proportion 
contributed by subadult males. The mean duration of observation 
on the days concerned was 340 minutes. N = 232 intervals. 
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•jg. 8.2 

Mounts in each pair. 

Pairs 

El 	III 	I 	 I 	 IIIJ 
A3 

	

I 	. 1 	• ll 	I • 	 . 11 

ES 	 ill 	 II . 	II .  
A4 

I . 	II . 	II. 	I 	 HI 

I . 	 • II 	II 

E•7 	 I 	 II 	 I 	II 
A5 

P13 	I 	I 	III 	 I 
Al 

8 	 9 	10 	11 	12 	1 	2 

Time of day 	 a. m. 	 p.m. 

fl. 8.2. The distribution in time of intromitted mounts between 
particular pairs on several days of the study. The pairs were not 
continually in view, so that more mounts probably occurred than 
were seen. 
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Therefore a copulation (or possible insemination) was defined as one 

or more intromitted mounts between any pair, separated by an interval 

of 20 minutes or more. If mounts were closer in time, they were 

included within the same copulation. Table 8.111 compares the males 

for the proportion of their copulations so defined which included 

multiple mounts, with females at full swelling. Adult males showed 

multiple mounts in an average of 214.21/o of their copulations, accounting 

for 51% of their intromitted mounts, while subadult males did so in 

18.3% of their copulations, accounting for 38% of their intromitted 

mounts. 

8.2.3 Grouped mounts compared with single mounts 

There were up to five mounts within each group/copulation (i 2.7 

for adult and 2.5 for subadult males). When copulating with fully 

swollen females, all seven adult males testable showed the ejaculatory 

pause less often in grouped mounts than in single ones (321/o of SO mounts 

in groups, cf. 76% of 146 single mounts: Sign test across seven males, 

p <.02). For subadults, in contrast, the pause was equally likely in 

mounts isolated or grouped (i.e. in 37% of 27 mounts of both types). 

8.2.14 The incidence of the pause within a series 

Within any pair's sequence of grouped mounts, the ejaculatory 

pause was more often seen in the final mount (Table 8.Iv), although 

data for subadults are inconclusive. In only two of 20 well-observed 

groups of mounts by adult males was the pause seen twice - at intervals 

of 14 and 214 minutes. Continuous observation of particular pairs also 

confirmed that ejaculation tended to be in the final mount of a series. 

8.2.5 Copulation and consortship 

As many as 78.5% of the copulations between adult males and fully 

swollen females occurred during consortship (n = 162). During inflation, 

only ii d% were in consort (n = 32), and during deflation 27.3% (n = ii). 

In contrast, subad.ult males achieved most copulations without consorting3 

the percentages in consort were 2.1% in inflation (n = 147), 2.146 at 

full swelling (n = 141), and none in deflation (n = ii). 	This 

difference between adult and subadult is confirmed in that the number 

of copulations seen between any pair was related to the amount of time 

they spent in consort for adult males (r .826, over 148 pairs, p <.001) 

but not for subadults (r 5  .1314, over 214 pairs, p > . 20 n.s.). 
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Table 8. IV: 	The incidence of ejaculatory pause within any multiple— 

mount copulation, according to whether seen on the first, last, or any 

intermediate mount. 

Adult males: 

Without pause 

With pause 

First 	Intermediate 

	

18 	16 

	

4 	 1 

Last 

7 

15 20.2 
dl' 2. p.C.001 

Subad.ult males: 

Without pause 
	

7 	 2 
	

6 

With pause 
	 1 	 0 
	

3 
	no test 
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Considering the six adult males who consorted and copulated most 

frequently, 34% of their copulations in consort comprised multiple 

mounts (n = 126 copns.) but only 8.3% of copulations between non-

consorting pairs did so (12 = 34 copns.). All six males showed this 
tendency. Multiple mounting was not obviously a characteristic of 

any particular cycle-state, or male or female subject, but was 

conspicuously frequent between A14 and F6 (6Jj'o of 22 copulations: the 

maximum of any other pair was 33%). 

8.2.6 Conclusion 
These data suggest that the best estimate of males' mating success 

is their rate of copulation (as here defined) rather than consortship. 

Although copulations in consort are probably more effective against 

sperm competition, yet because males achieved, a substantial number of 

copulations outside consortship (particularly subadult males) and 

because consortship was anyway loosely defined, copulation rate at full 

swelling provides the most accurate measure of mating success in this 

study. 

3. MATIIIG COMPETITION 

8.3.1 Male competition over fem4les is generally expected to favour 

the mating success of higher -ranking males. Most strictly, Altmann 

(1962) proposed that a male's access to females would be directly 

proportional to his dominance rank. For example, a third-ranking male 

would only be able to mate on days when three or more females were 

simultaneously receptive; on other days, the first and second rankers 

would monopolise the females. Although studies of multi-male troops 

do not reveal such a linear relationship, yet most of them show that 

in the short-tern at least, higher-ranking males achieve more matings. 

This has been repeatedly demonstrated in macaques, by Carpenter (1912b), 

Tokuda (19 61 -2 ), Conaway and Koford (19 6 )4, Kaufmann (1965), Suarez and 

Ackerman (197 1 ), Hanby at- al . (197 1 ), Lindburg (197 1 ), Stephenson (1974), 

Taub (1980a) and others. A weak association between rank and paternity 

(determined biochemically) was found by Duvall at al., (197 6 : further 

described in Symons, 1978, p.162) and a stronger relationship by 

Smith (1981 ). Only a few studies report that rank has little or no 

effect in macaques (e.g. Loy, 1971; Drickamer, 197ba; Eaton, 1978). 
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Relatively high mating success has also been found for higher 

ranking male langurs (Curtin, 1980), red colobus (Struhsaker, 1 975), 

vervets (Struhsaker, 1967), and weakly for mangabeys (Strulisaicer 

& Leland, 1 979); but not for lemurs (Jolly, 1967). 	It is also 

reported for chimpanzees at Mahale Mts. (Nishida, 1979)  but not at 

Gombe (Tutin, 1976; Bygott, 1979). 

Several studies of baboons describe competition among males whereby 

the higher-rankers attain more matings (DeVore, 1965; Hausfater, 1975; 

Packer, 1979b; Rasmussen, 1980), and even when competition is minimal 

the highest ranker may still do better (Hall, 1962; Seyfarth, 1978a). 

Also among immatures, high rankers may mate more (Cheney, 1978). 

However, both Hausfater (1975) and Packer (1979b) concluded that lower 

rankers did better than expected (compared with Altmann's model), and 

DeVore (1965) and Saayman (197 1 h) also observed low ranking adults who 

mated particularly often. 

In interpreting such findings, four caveats are important. First, 

in some early studies, male access to females was used as a criterion 

of dominance (e.g. Bolwig, 1959), so that some relation between 

dominance and mating success became inevitable. Secondly, the 

apparent success of high rankers in some studies may have been because 

the lower rankers tended to mate more under cover: thus Drickamer 

(197La) found that the correlation between rank and mating success was 

removed when the males' scores were corrected for their observability 

differences (2.XIc). Thirdly, just as levels of competition may vary 

between troops (Maxim at al., 1963; DeVore, 1965; Paterson, 1 973), 

so also the relation between rank and mating success may change with time: 

thus Eaton (197 14 was unable to find such a relationship in a macaque 
troop in which it had been earlier demonstrated by Hanby et 11.(197 1 ). 

Finally, a relationship between rank and mating success may be merely 

an effect of age: this is not only true of correlations which include 

immature animals, who tend to be low rankers and infrequent maters 

(Loy, 1971), but also among adult males. Adult baboons' ranks are 

related to age in a (\- shaped way (Packer, 1979a), and rank turnovers 

may be quite frequent (Hausfater, 1 975). There is yet no evidence 

that individual differences in mating success, related to rank, persist 

throughout life although a recent simulation by Saunders and Hausfater 

(1978) suggests that they would. 
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The following section compares the males' mating success in tens 

of their dominance ranks and thereafter in relation to other details of 

competition. Finally, female competition is briefly ex amined. 

8.3.2 Individual differences in number of copulations 

Individuals were compared for their number of copulations, involving 

only females at full swelling. Expected numbers were calculated in 

accordance with differences in their availability of copulation partners, 

measured in partner-hours. 

Females did not differ in the amount they copulated with adult 

males (x 2  5.26, d.f. 5, n.s.), even accounting for their observability 

differences (2C 2  5.53), although those who were only observed in 

resumption cycles copulated slightly less than expected. However, 

females did differ in their copulations with subadult males (pooling 

scores of some females, x2  25.76, con. obs. 25.140, d.f.  3, p <.001). 
As noted in 7.6.3 this was because those consorted less by adults mated 

more with subadults. 

Conversely, adult males differed markedly in their copulation scores 

(x. 2  82.08, con. obs. 118.33, d.f.  7, p.C.001), but there were no 

differences between subaduJts (x 2  3.99, con. obs. 5.70, d.f. 2, n.s.). 

The patterning and possible reasons for these differences are examined 

in parts 3 and 14. 

8.3.3 Male dominance rank and mating success 

8.3.3a) Altmann's model The predictions of Altman&s (1962) model, 

described above (8.3. 1 ) were tested using consortship as a measure of 

access, since that is the means by which males monopolise females and 

restrict the access of others. Table 8.V compares the number of study 

days for which each male was present on which he consorted with a fully 

swollen female, compared with that expected from his rank according to 

the proportion of study days for which one, two, or more females were 

simultaneously at full swelling. It is clear that in this short study 

the model does not fit, specifically in that males Al and A2 consorted 

less, while five others consorted more, than expected. 

8.33k) Time spent consorting As a measure of reproductive investment, 

Pig. 8.3 compares the percent of time which each male spent' onsorting 

with females in each stage of the menstrual cycle, estimated from one-

zero samples (2.IX). 	It is clear that (i) adult males consorted fax 

more than did subadults, (ii) only Al consorted much with inflating 
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Table 8.v: 	The number of days each male consorted with a fully swollen 

female compared with the number expected from his rank and the availability 

of simultaneously swollen females(8.3.3a). 	 - 

Male: 	 Al A2 A3 A4 A5 Si A6 A7 A8 $2 $3 $4 

onsort — days 	13 	ii 	27 	12 	9 	- 	- 	8 	3  

Expected: 	49.1 28.5 5.2 1.3 - 	- 	- 	- 	- 	- 	- 	- 

Kolinogorov—Smirflov one sample test, N = 84, D = 0.636, p  <.01 

Table 8.VI: 	Males' rates of copulation with females on the third day 

before deflation in the cycle. Rates expressed as pooled mean rate per 

female - hour. 

Adult males: 	Al A2 	A3 A4 A5 	A6 	A7 	A8 

Rate (n= 	- 
33 coptis.): 	.15 .02 	.10 .17 .13 	- 	.02 	.04 

Subadult males: 51 	52 53 54 

Rate ( n = 4 copns4: - 	 .02 .04 .02 
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t.g. 8.3. The percent of time for which each male was seen in consort 
with females of each cycle state. Estimated from the percent of all 
15 minute time blocs through the whole study in which the male was seen 
to consort (n 1860 samples). Males in order of dominance rank descending 
from the left; A - adults, S - subadults. 
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and deflating females, and (iii) with the exception of A2 and A6, 

the adults consorted in linear relation to their dominance rank. 

fell ill and died, while A2 is discussed below (8.3.5). 

8.3.3c) Copulation rate with fully swollen females 	As a measure of 

mating success was calculated each male's pooled mean copulation rate 

with fully swollen females, per partner-hour (Fig. 8.14). Among adults, 

copulation rate was approximately related to dominance rank (r 5  .7 1 9, 

•n 8, p <.05), a relationship which persisted when the males' scores 

were corrected forobservabiJity (r 5  .810). There was no relationship 

for subadult males (r5  -.800 ± obs. con., n 14, n.s.). 

The same comparisons were made using only copulation rates with 

females on d-3 of the-cycle (Table 8.VI), but these yielded no 

significant results either for adults (r 5  .1419, con. obs. .5148, 

n 8, n.s.) or for subadults (r 5  -.632, con. obs. -.800, n 14, n.s.), 

although the number of copulations underlying these data was very 

small. 

8.3.14 Factors affecting mating success of particular males: 

Introduction 

Although male dominance rank was related to mating success, the 

relationship was not linear: rather, the high- and middle-ranking 

adults mated more than did low rankers. Even then, Al and A2 still 

consorted less than expected from their rank alone. Several authors 

have proposed reasons for the success of middle- and low-ranking males, 

and these will be referred to as they arise below. One of the reasons, 

female choice (Saayman, 1971) will not be discussed until part 14 of 
this chapter. Another factor which allows lower rankers opportunity 

to consort is that high-ranking males sometimes refrain from consorting 

with swollen females who appear to be available to them (Hall, 1963; 

Saayman, 1970; Hausfater, 1975; Seyfarth, 197 8a; Packer, 1979b). 

Such abstinence might result from lack of attractiveness in the female 

(8.3.9), male fatigue or injury (Packer, 1979b; 8.3.12), selectivity 

by the male (Hausfater ibid.; Packer, 1979b) or female's preference 

for another male (Seyfarth ibid.; Bachmann & Kummer, 1980) both of 

which are discussed in 8.14.8, or asymmetry of contest (Packer ibid., 

discussed in 8.5.2). The following sections examine the reasons for 

the males' differences in mating, while admitting that these were short-

term differences which might have been found to be more closely related 
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to rank in a longer study. 

Time of day of consortship 

Hausfater (1975) found that females tended to consort with males 

of lower rank in the afternoon than they had in the morning. Because 

most observation in this study was made in the morning (2.XId.1) 9  

there may have been a bias against observing the mating of lower 

rankers. Fig. 8.5 suggests that this may apply only slightly to 

males AS and A7, but not enough to explain their relatively low 
consort scores in Fig. 8.3. What is more striking is that A2 consorted 

much more before 9.00 a.m., and this may explain his relatively low 

score in that figure. Fig. 8.6 shows that 11 of his 16 consortships 

were in progress at the start of observations, but only three continued 

after 1.00 a.m. Data from all other males show 23 consortships in 

progress at the start, and 144 at the end of observations. It appears 

that he may have consorted more at night, a pattern also characteristic 

of a particular male at Gombe (pers. obs.,male SNE in Packer, 1979b). 

This is probably because as a young adult he would have been more mobile 

in outmanoevring competitors in the sleeping trees; he was also seen 

to take over consortship of a female single-handedly in the evening 

(Oliver & Lee, pers. comm.). 

8.3.6 Day-selection in consortship 

Both Hausfater (1975) and Packer (1979b) found that high-ranking 

males concentrated their mating around the probable day of ovulation, 

d-3, a tendency which would give lower-ranking males the opportunity 

to mate at other times during full swelling. Each male's copulation 

rate per female partner-hour is illustrated on every day of full swelling 

in Fig. 8.7. While there is some evidence that higher rankers mated 

more on d-3 (notably Al, A3, AI & A5), it is not entirely clear that low 

rankers were forced to mate earlier and later in the cycle. A3 and 

A1 show peaks before and alter d-3, but this is most extreme for A7: 

he had eight consortships on d-1, and four of these were with females 

who had been deserted by their high ranking consorts prior to deflation. 

8.3.7 Details of male-male competition: Introduction 

The prediction that high-ranking males would achieve more copulation 

was derived from the assumption that males do compete (Altmann, 1962). 

Two manifestations of competition in baboons are harassment of copulations, 
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8.5. The percent of observation time for which each 
male was in consort at different times of day, estimated 
from 15 minute one—zero samples (2.IX). Males arranged 
in descending order of dominance rank from the top. 
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FIG. 8.6 

CONSORISHIPS OF ADULT MALE A2 

7 	8 	9 	10 	11 	12 	1 	2 	3 	4 
TIME 	 a.m. 	 p.m. 

The time of day of A2 1 s consortships. For each day on which 
this male consorted, the thin line indicates the duration of observations, 
the thick line shows when he was in consort. 
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and agonistic competition for consortship (DeVore, 1 965): these are 

described in turn below. 

8.3.8 Harassment of copulations 

When two animals mounted or copulated, onlookers occasionally 

responded by running towards or directing aggression at the pair. 

Aggression of this sort, directed at one or both of the pair, was 

recorded as harassment. Harassment of copulation is seen in other 

species, either by adult males, orby imimtures often the offspring 

of the mated female (Howell, 1972). 	It occurs in lemurs (Jolly, 

1967), la.ngurs (Jay, 1965; Hrdy, 1977), red colobus (Struhsaker, 

1975), vervets (Struhsaker, 1967), pates (Hall, 1965a; Loy & Loy, 

1977), macaques (Gonzoules, 19714; Stephenson, 19714), and chimpanzees 

(Goodall, 1968; Tutin, 1979b). Studies of baboons report consider-

able variability, from no harassment at all (Saayman, 1970; . Seyfarth, 

1978a) to occasional (Hausfater, .1975) or frequent harassment (DeVore, 

1965). DeVore saw that it was frequent in one troop but absent in 

the troop adjacent. 
All cases of harassment of copulations and mounts, and other 

onlookers' responses, are tabulated in Pig. 8.8. Harassment of intro-

mitted mounts was only seen 17 times, or in 2.7L of such mounts in 

which it could be scored present or absent (n 261). In only four of 

these did it cause the male to dismount, so that harassment at Ruaha 

had negligible effect- on the success of copulation attempts. Aggressive 

harassment was mainly directed at pairs which included a fully swollen 

female, although onlookers sometimes ran towards or threatened mounts 

on partially swollen females. 

The majority of responses were by immatures against consort males. 

In four of these the harasser was lmovan offspring of the mated female 

(including one daughter),- and one infant responded with distress and 

whimpering to its mother's mating. Lee and Oliver recorded frequent 

offspring-mother harassment (pers. comm.). 

Consort males also harassed mounts between young males and the 

consort female, consistent with other patterns of possessiveness shown 

by adult males. In only two cases did an adult male harass a consort 

male, and in both the harasser had himself consorted the female 

concerned earlier in the day. A subadult also harassed a mount upon 

a female with whom he had groomed and mated shortly beforehand. 
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Anecdotal. evidence suggests that a male may be inhibited from 

copulation by the presence of other males, possibly because of the risk 

of harassment (Hausfater, 1975, p.118). Twice, a male looked around 

furtively before copulating with a deflating female; and on four 

occasions an adult male initiated copulation as soon as other baboons 

had moved temporarily out of sight. But rival males may also be 

inhibited from harassment: twice a mounted male threatened away a 

juvenile harasser after dismounting; and on two occasions when a nearby 

pair started to copulate, a male (A2) chased animals nearby as though 

in redirected aggression. 

Thus although mounting sometimes elicited tense, possessive, or 

aggressive responses by nearby animals, it was never seen to spark off 

multipartite aggression such as often leads to consort changes at 

Gombe (pers. obs.). There was also very little shadowing of consort 

pairs, which is prominently associated with harassment elsewhere 

(Ransom, 1971;. Hausfater, 1975;  Packer, 1979a). 	These data suggest 

that male-male competition at Ruaha was of relatively low intensity. 

8.3.9 Competition and consort-formation 

In section 7.5.6, the onset of consortships were divided into non-

competitive finds and two types of agonistic takeovers: these were 

displacements (without aggression), and aggressive changeovers. 

Table 7-VIII showed that males started consorting without evident 

competition in 6LV6 of consortships with fully swollen females. While 

this was partly because of the high proportion of resumption cycles, 

in which competition was significantly less frequent, yet even in 

subsequent cycles 31% of consortships at this stage began as finds. 

This is further evidence that male-male competition at Ruaha was not 

generally very intense. 

8.3.10 Agonistic consort changeovers 

Males who attempted to gain access to a swollen female by directing 

agonism to the consort male are here referred to as rivals; only 

changeovers at full swelling are described. 

8.3.10a) Sold displacements On seven occasions the consort male 

conceded the female to a rival without exchange of threat. In six 

of these the successful rival was of higher rank than the deposed 

consort male (Pig. 8.9). In the seventh, the arrival of a lower-

ranking rival apparently caused the consort male to chase a nearby 
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female, thus conceding the swollen female to the rival. Three successful 

displacements appeared to have been facilitated by aggression from the 

rival shortly beforehand (up to 8 minutes earlier). On three occasions 

the displaced consort interacted with a black infant as soon as he had 

deserted the female. It was not possible to recognise attempted 

displacements. 

8.3.10b) Solo aggressive changeovers The few attempts to gain consort- 

ship by solo aggression were not usually successful (Fig. 8.9). Most 

attempts were against consort males of lower rank than the aggressor, 

only two of ten being successful. In three of the unsuccessful attempts 

the consort male (A3) enlisted the alliance of another (AS) in defence 

against the rival (Al). Once an infant was carried by the defeated 

consort male, and once by the consort male's ally in defence. As 

mentioned above, three unsuccessful aggressive attempts were followed 

by successful displacements shortly afterwards. 

8.3.1Oc) Allied aggressive changeovers Previous studies indicate that 

subordinate males may obtain females from dominant consorts by forming 

coalitions (DeVore, 1965; Packer, 1979b; Rasmussen, 1980). 	Packer 

suggests that males' ability to benefit from coalitions reflects their 

mobility, their experience, and possibly their tendency to reciprocate 

alliance. 
Incidents of multipartite aggression between the consort male and 

others were considered to be potential takeovers. Occasions when the 

consort male enlisted alliance in defence of the female have been 

included above. In the remaining cases, between two and four rival 

males were involved (Tc 2.6 adult males) and in five cases included 
animals other than adult males as well. These were subadult males 

(twice), cycling females (three times) and an infant (once). In 

addition, infants were twice carried by males, once by the successful 

rival, once by an ally of the successful rival. 

Fig. 8.9 shows that the majority of allied challenges were directed 

against consort males of higher rank than the rivals: significantly 

more so than in solo aggressive challenges (x. 2  18.76, d.f. 1, p  <.01). 

Secondly, these allied challenges were proportionately more often 

successful than were solo aggressive challenges (t 2  4.61, d.f. 1, 

P <.05). 	 - 
Fig. 8.10 compares the success of aggressive challenges according 

to the number of adult male rivals involved (i.e. excluding subadult 
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Table 8.VII 	The adult males compared for the number and success of 

their solo and allied challenges to consort males. A. successful 

challenge was one in which the male concerned gained consortship of the 

female. 

Male: 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

Solo. 

Failure Success 	ppn. 

2 	2 	.50 

3 	- 	- 

2 	- 	- 

3  

Allied. 

Failure Success 	ppn. 

	

10 	7 	.41 

	

5 	5 	.50 

	

17 	1 	.06 

	

1 	- 	- 

	

7 	- 	- 

	

2 	- 	- 
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male and female allies, etc.). Solo attempts were only successful 

in 0.17 of male attempts. Attempts with two rivals were more often 

successful, but because there were more rivals the success remained at 

0.17 per male attempt. However, those with more than two rivals were 

all successful, and the success rate per male attempt rose to 0.29. 

Thus although the addition of extra rivals might have diluted each 

male's chance of success, this was over-ridden by the greater likeli-

hood that changeover would occur. However, it is shown below that 

males did not benefit equally from this effect. 

Table 8.VII compares the adult males for the number of solo and 

allied aggressive challenges each one made, and their success. Solo 

attempts were only successful for Al, (although solo displacements also 

benefitted A2, A3 and A5, see 8 .3. 1 4), while allied aggressive challenges 
worked in favour of A3 and Ab. Despite frequent involvement in allied 

incidents, A5 and A7 seldom gained females as a result. In the 

thirteen allied takeovers, the highest-ranking of the rivals gained 

the female in nine cases. 

8.3.11 The mechanism of agonistic changeovers 

The quantitative data above miss much contextual information. 

Agonistic changeovers were often confusing to watch, but some patterns 

recurred sufficiently to be described. 

Although rival males generally appeared inhibited from interaction 

with the consort pair, often avoiding them (6.7.2) and seldom attempted 

solo takeovers even when dominant to the consort male, yet consort males 

often appeared unsettled by the proximity of rivals. Thus three times 

a higher ranking rival gained consortship by slowly working his way 

between consort and female. Consort males occasionally made unprovoked 

chases on nearby rivals, and on eight occasions deserted their females 

apparently because a large number of other males were gathered nearby. 

On the three occasions when a consort male resisted a solo 

aggressive challenge by enlisting the help of an ally, this was because 

the rival chased the ally. Once the rival briefly overcame this by 

chasing the consort male instead, but he still did not take the 

opportunity to consort. Another time a rival gained consortship by 

chasing the female rather than the male. 

Allied challenges usually followed aggressive exchanges among 

rivals. A rival might initiate this by being assertive to another 
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(e.g. mounting, cheekchewing, supplanting) but more often did so by 

threatening and chasing near the consort pair. Such initiations 

often appeared purposeful and manipulative, because although they 

sometimes petered out in chasing elsewhere, they more often led to 

one rival soliciting another against the consort male, or chasing him 

towards the consort pair. At this the consort male might intensify 

his possessive behaviour towards the female, by grooming and herding, 

but he more often became separated from her as consort and rivals 

chased back and forth. One of the males would try to work back to the 

female: in most cases, the consort male chased a lower ranking rival, 

freeing the higher ranking rival to move after the female. Whichever 

male reached her would act possessively, and sometimes mount, establishing 

consortship. However, chasing was often prolonged, and males appeared 

to miss opportunities to regain the female, for example by resuming 

chasing after they had reached her. Juvenile and subadult males some-

times copulated opportunistically while the adults were chasing, and 

in four instances an adult male who was not involved came in and estab-

lished consortship. After aggressive changeovers the females sometimes 

appeared agitated and uncooperative to the new consort, by walking 

rapidly (sometimes towards other males), or by refusing his mount-

attempts. 

Adult females were occasionally implicated in causing changeovers 

in two ways. In seven cases, the consort male without provocation 

chased a.female nearby, apparently redirecting aggression elicited by 

the presence of rivals, and in five of these another male gained 

consortship as a result. In three other cases the consort female 

herself chased a nearby female, becoming separated from the consort male 

and in two of these a rival male was able to gain the female. 

8.3.12 Short-tern changes in consorting activity 

One of the assumptions of Altmann's model (8.3.1)  was that all 

males consort at every opportunity in accordance with their rank. 

However, males may differ in consort motivation independently of rank 

(Conaway & Koford, 1964). Secondly, high ranking males sometimes 

refrain from consorting (refs. in 8.3.4) in some cases through injury 

or fatigue (Packer, 1979b). This was borne out at Ruaha in that 

some males showed short-term lapses in consortship after losing a 

female as a result of combined aggression from other males. 
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Fig. 8.11. (overleaf). 	The time-course of each male's consorting activity. The upper row shows the number 
(N 

	

	of females at partial or full swelling on each day of the study; partial swelling includes inflation and deflation, 
but Fll is excluded from the figure. Below that the letters A to F refer to particular events described in the 
text of 8.3.12. 	Beneath those are twelve rows depicting the consort activity of each male, in order of dominance 
rank descending from the top. The height of the vertical bars on each row show for what percent of the day that 
male was in consort with a female at partial or full swelling (open and dark bars respectively), estimated from 
15 minute one-zero samples (2.IX); 100% of the day would coincide with the base of the row above. The numbers 
below the bottom row refer to periods of days which have been ommitted from the diagram, either because no 
observations were made (15 days) or no consorting was seen (30 days). 



FIG. 8.11 
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Pig. 8.11 shows the time-course of each male's consorting activity 

with partially -ind fully swollen females against a backdrop of female 

availability. The absences of Si, and the illness and death of A6, 

are indicated. The letters denote events referred to below. 

The general pattern agrees loosely with Altmann's model, in that 

middle and lower ranking males consorted more when more females were 

fully swollen. However, the fit is not exact: for example, when only 

one female was available, adults ranked 1, 2 and 3 consorted: and 

conversely, when most females were available, male Al consorted least 

of all. Finally, the marked increases in consortship by AU, A5 and 

A7 (at time ) were apparently because Al, A2 and A3 were not consorting 

for reasons described below. 

Incidents in which a male's behaviour was altered, apparently 

through competition for males, may be described under four headings. 

Injury: During the night of Oct. 25th (g on fig.), A2 obtained 

consortship of P5 from Al, but sustained a bad face wound. He soon 

conceded the female to A3,  and for the next three days frequented the 

periphery of the troop, his face considerably swollen, at times 

appearing ill. 

Decreased consorting: In P5's third cycle, Al consorted on d-9 and 

and a-a, but on the morning of d-7 he had lot her to A2 and appeared 
unwell ( on fig.). For the next four days he formed loose consort-

ships with P7 (d-lO to d-7) but usually moved to the periphery of the 

troop after 1.00 a.m. He made no attempt to regain P5 despite their 

mutual preference at other times (8.4.6). 

During the same cycle, A3 consorted PS on d-5 and d-i, but lost 

her on d-3 as he was chased to the edge of the troop by AU, A5 and A7 

on fig.). He remained there, interacted little that day, and did 

not consort on the next two days despite the presence of three fully 

swollen females, interacting instead with mother-infant pairs. On 

the third day he resumed consortship. 

Absences from the troop: Male Al left the troop four times, during 

which he was seen and once slept within one mile of them. In P51s 

first cycle he consorted, her from d-ll to d-2, but lost her overnight 

to A2 C&  on fig.), with evidence of fighting given above. Al was 
absent for 1 19 hours that day, and again left on the following day, 

returning 1* days later and immediately resuming consortship with P5 

I 
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(a-i-i). 	Similarly, during his 'unwell' period described above, he 

was absent for 1- hours (2 on fig.), and on the fourth day of this 

period, after losing oonsortship of P7 when chased to the edge of the 

troop by A3, AU, A5 and A7,  he left and was not seen again till over 

50 hours later ( on fig.). Finally, A2 was absent for at least Lj-

hours after losing consortship of a female ( 1  on fig.). 

U. Increased consortship: Male AU showed markedly increased consortship 

and competitive activity after his takeover of PS from A3 ( I  on fig.). 

8.3.13 Discussion of short-tern changes 

Other authors have reported both lapses in consortsbip (refs. in 

8.3.14 and temporary absences by males (Hausfater, 1975; Seyfarth, 

1975). The temporary lapses seen here appeared not to result from 

the accumulated costs of maintaining consortship, such as vigilance 

or decreased feeding time (Packer, 1979b; 	cf. Rasmussen, 1980), or 

repeated mating (Carpenter, 1942a). Rather, they all followed loss 

of consortship, with evidence of coincident aggression received and at 

least one case of wounding. These factors, with also possibly internal 

injury not visible to the observer, appeared to cause short-term 

decieases in motivation. Such changes may be mediated hormonally, 

because testosterone levels may fall after defeat (Rose at al., 1972) 

and affect serial behaviour (Phoenix, 19714. However the behavioural 

changes were so immediate that cognitive processes must also be involved. 

Whatever the mechanism, the fact that these setbacks were concentrated 

on high-ranking males clearly allowed the middle-rankers numerous 

opportunities to consort. The increase in consorting activity by 

AU suggests also that achievement may have a converse effect, again 

perhaps with an hormonal component (Bernstein et al., 19714. 

8.3.14 Individual differences in males! competitive behaviour 

Table 8.VtII summarises how each male's consortships with fully 

swollen females began and ended, emphasising that most did so without 

competition. The pattern of agonistic changeovers was that Al and A2 

tended to gain consortships single handed, but to lose them against 

alliances, while the reverse was true of resident males. This 

probably reflects the fact that Al and A2 were newcomers rather than 

that they were of highest rank. 
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Table 8.viiI: 	Each adult male's consortships with fully swollen females, subdivided by the 

ways they began and ended, as described in 7.5.6, 8.3.9, and 8.3.10. 

Beginning End 

not Finds Displaces Aggressive not Deserts Displaced Aggressive 

Males; 
seen solo 	allied 

seen solo 	allied 

Al (14) 2 - 2 	- (ii) 2 - - 	 5 

A2 (10) 1 4 - 	
- (2) 5 1 - 	 7 

A3 (9) 22 2 - 	 8 (22) 14 3 2 	1 

A4 () 5 - - 	 5 (8) 5 -  - 	 - 

A5 (i) 6 1 - 	 3 (s) 4 2 - 	 - 

A6 

(N 	A7 (2) 6 - - 	 - (4) 2 1 - 	 1 

CPJ 	A8 (i) 2 - - 	
- 3 - - 	 - 

r 



8.3.lLsa.) Newcomers Al and A2 Male Al lost 'the majority of his consort-

ships to the alliance of A3 and A5, but often regained them from A3 

when A5 was not at hand. (circumstantial evidence suggested that this 

occurred more than is shown in the Table). As already described, 

A2 established most of his consortships overnight, but was tense in 

consort by day and tended to desert his females when in the vicinity 

of other males. However in one three-day period he repeatedly gained 

consortship of P5 by persistently moving near her consort A3 and 

causing Mn to desert her. 
8.3.14b) Prime-age adults A3, A14 and A5 Male A3 was responsible for 

the majority of peacable consortships with undisputed females. Both 

he and AS relied more on alliances when challenging higher-ranking 

consorts than they did against lower rankers. A3 depended conspicuously 

on A5 when challenging Al and A2. He was never seen to challenge 

their consortship, or defend his own against them successfully without 

the help of AS, (except once using an infant against A2). He would 

solicit assistance by barking or screaming with tail up when Al or A2 

drew near, often looking around or towards AS. 

was never seen to lose a consortship agonistically, and he used 

alliances with A3, AS and A7 to gain them. He appeared the most 

effective strategist, both in the timing with which he initiated 

challenges, and in his tendency to return to the female rather than 

be drawn off into fighting and chasing. 

A5 was remarkable in his apparent willingness to be solicited by 

A3, but this was mainly against newcomers Al and A2. It generally 

resulted in AS confronting Al while A3 moved away with the female. 

In their twelve allied challenges, he only gained consortship once, 

while A3 did so seven times. However, he sometimes ignored A3s 

solicitations. 

8.3.lLc Post-prime males A6, A7, A8 The lack of consortship and 

competition by A6 may be partly explained by his illness. A7 

consorted only undisputed females, and never benefitted directly from 

his alliances with the middle-ranking males. The large, aged A8 

occasionally consorted undisputed females, but always avoided con-

frontation and was even seen to move away from a free swollen female 

while other males were fighting about her. 
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8.3.15 Female competition over males 

Despite Hall's (1962) report that aggression among females is 

increased at times when the cc-male is mating, subsequent work suggests 

that females compete over males equally at all stages of the reproductive 

cycle (Seyfarth, 1976; Scott, 1978; also refs. in 7.7.1). 	This is 

in contrast to species living in one-male breeding units, where 

competition for the male is more obvious, especially between the 

cc-female and oestrus females (Kummer, 1968; Dunbar & Dunbar, 1975; 

Mori, 1979). 

Earlier analyses showed that cycling females tended to exchange 

relatively more agonism with females than did other reproductive classes 

(except in supplants: 6.14.4b), but there was insufficient evidence that 

this involved more competition over males (6.2.3, 6.14.6).  Nevertheless 

in 114 female-female interactions which appeared to be competition of 

this sort, the recipient was a cycling female in all but one: nine 

of these were fully swollen, •six in consort. Surprisingly, their 

antagonists were also cycling females in ten of these interactions, 

five being fully swollen and including four in consort. Most of 

these interactions were supplants or chases from close to an adult 

male. While this may be taken as an indication that cycling females 

do compete over adult males, comparable data on possibly more subtle 

competitive interaction involving other female-  classes are not 

available. Certainly it did not cause females to differ in their 

interaction rate with males (8.3.2), although it might have influenced 

females' success in access to a preferred male (8, part 14). 

14. MATE SflIECTION 

8.14.1 Numerous studies of multi-male primate groups report partner-

preferences in mating. Selective partnerships in tens of age, social 

class (central vs. peripheral) or individual characteristics have 

been observed in macaques (Tokuda, 1961-62; Kaufmann, 1965; Loy, 1971; 

Lindburg, 1975; Dixson, 1977; Thiomoto, 1978; Fedigan & Gouzoules, 

1979; Taub, 1980a) and in chimpanzees (Tutin, 1 975; Nishida, 1979). 

The importance of partner-preference in baboons, particularly female 

choice, was early suggested by Marais (1939).  DeVore (1965), and 

Rowel]. (1967a)  (see also comments by Kalter and Gillman, Symp. Zool. 

Soc. (Lond.), 17:  1966, pp.157- 1 58 ). 	Quantitative studies emphasise 
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three main aspects. 
First, females may prefer certain males by their association and 

affiliative interaction, but avoid others. Adult females apparently 

prefer adult (transferred) males over subadult (natal) males (Saayman, 

1970; Packer, 1979a). Among adults they often prefer high rankers 

(Hall, 1962; Seyfarth, 197 8a; Scott, 1978; Rasmussen, 1980), although 

not in all cases (Saayman ibid., Packer ibid.); or younger adults 

(Rasmussen ibid.). Some studies report a preference for newly trans-

ferred or unfamiliar males (Ransom, 1971; Packer ibid.), a pattern 

also shown by adolescent female chimpanzees (Tutin, 1976). 

Secondly, males may consort selectively, or abstain from consorting 

(refs. in 8.3.4). There is some evidence that they are less attracted 

to adolescent or nuj.liparous females (Hall, 1963; Rasmussen, 1980 

respectively), but beyond this little evidence as to what female 

characteristics are preferable; apparently not age (Packer, 1979b) 

nor dominance rank (Packer ibid.; Rasmussen ibid.). However males do 

prefer females who maintain proximity to them (Packer ibid.), or 

approach and present often (Rasmussen ibid.), when not in consort; 

although as both authors show this need not necessarily reflect 

preference by the female. Finally, Packer found that males favoured 

females who were not preferred by other males, suggesting that male 

selectivity is more a device for reducing competition. The primary 

preferences of the a-males studied by Hausfater (1975) agree with this, 

as does Seyfarth's (197 8a) observation that the a-male did not interfere 

in the preferred consortship of his p-male. 

Finally, mating preferences probably form only a part of the life-

time relationships of the partners (Seyfarth, 1978b). Adolescent 

females solicit males often but rather indiscriminately (Sugawara, 

1979), but with maturity they select older and higher-ranking males 

(Scott, 1978; K. Rasmussen, pers. comm.). 	Older adult males, who 

have been in the troop long enough to father some of the young adult 

females tend to consort these less, and they are consorted instead by 

younger adult males (Packer, 1979a). Older or low-ranking males may 

groom particular females intensively, arguably to increase the chances 

that females will prefer them as mates (Packer, 1979b; Seyfarth, 1978b). 

The data presented below show that the mating success of each male 

was really the sum of his mating relationships with particular females. 
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It is therefore important to see how such relationships were established, 

and whether they reflected preferences by male or female. The following 

sections investigate changes in interaction within pairs of male and 

female through the menstnal cycle, and attempt to relate these to 

mating partnerships at full swelling. 

8.4.2 Non-random mating 

Copulation did not occur randomly between all pairs, even accounting 

for differences in the copulation rate of each male. Pig. 8.12 compares 

the total copulations of each pair with the total expected if each male 

had copulated at his own rate equally across all partners. In each 

cycle stage, the males' overall rate provided the total expected with 

each female, and the pairs' expected totals in all cycle states were 

then combined. The distribution of copulations was not random for five 

of the six adults testable • (Kolmogorov Smirnov One-sample Test: results 

on Fig. 8.12), but the three subadults copulated at random. These 

partnerships reflect the patterns of consortship of the adult males, in 

contrast to the more opportunistic copulation of the subadults (8.2.5). 

Only partnerships involving adult males are considered below. 

The distribution of the more frequently mated pairs in Fig. 8.12 

suggests a pattern in terms of dominance ranks, to whit that higher 

ranking males tend to mate with higher ranking females. Although 

correlation coefficients between dominance rank and mean rank of 

copulation partner were not significant in either sex (r 5  .679 over 

7 males, O.L06 over 6 females), yet in the 48 cases where two consort-

ships were in progress simultaneously, the higher ranking female 

consorted the higher ranking male in 36 (i.e. 75%. Binomial Test, 

Z = -3.32, p<.001). 	This was especially due to the pairings of Fl 

with A3, and of P5 with Al and A2, so that further data are required 

to prove its generality. 

8.4.3 Methods used in investigating mating partnerships 

The formation of mating relationships was investigated by comparing 

the distribution of each fully swollen female's copulations among the 

various males with the distribution of her interactions with them 

during lactation, inflation, and deturgescence (i.e. the deflating and 

flat stages combined). The following measures were selected as 

indices of affiliation or aversion: they axe fully defined in 

Appendix I. 
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I. Outwith full swelling 

() Association: The percent of the 1-minute focal samples on the 

female in which each male was seen within 15 metres (2.VIIIa). 

(b) Affiliative behaviours by the female: (i) grooming, and 

(ii) presenting. 

(c) Affiliative behaviours by the male: (i) standing or following 

within 1 metre, (ii) greeting the rear, including inspection, 

(iii) grooming, (iv) mounting without introxnission, (v) possessive 

and coercive behaviours, including herding. 

(a) Agonistic interactions: (i) the female moves away, i.e. is 
supplanted by, or avoids, the male (ii) female aggression, 

(iii) male aggression. 

While all these behaviours were examined for inflation and 

deturgescence, some were omitted for lactation because they were rare 

or because they had not been recorded for non-cycling females. 

II. At full swelling 

() Male proximity to the consort pair: the percent presence of each 

male within 25 metres of the consort pair, estimated from 15 minute 

one-zero samples (2.IX). Males who were in consort with another 

female were by convention omitted. 

() Copulation: as defined in 8.2.2. 

(.) Male avoidance of the consort pair (6.7. 2-3). 

() Number of consortships observed. 

Several indications of preference used in other studies were not 

used here: for example, the teyefacel or NEEP gesture (Saayman, 1970; 

Packer, 1979a), because not reliably recorded ad libitum and female 

avoidance of mounts, for which there were too few mounts per dyad to 

investigate proportionately. Mounts which were elicited by presenting 

have been omitted, but first reciprocations of grooming have been 

included, as in 4.3. 2 . 
The formation of mating partnerships was investigated first by 

comparing the relationship between each behaviour and copulation, across 

all females (8.14.4); and secondly by pooling behaviours and examining 

the interactions of each female in turn (8J.5 & 6). The sick female 

P11 was not included. 
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8.14.14 Comparison be€ween copulation at full swelling and behaviours 

occurring at other times 

Methods: In each stage of each cycle, the males were ranked in 

descending order of interaction rate with the female, separately for 

each behaviour. Males who interacted equally (often not at all) were 

given the median of their tied ranks; males absent for more than 20 0/6 

of any stage were excluded, and the ranks of the remaining seven 

corrected up to their equivalent among eight. These ranks identified 

the first, second, third etc. copulation partner in each cycle. For 

each such partner was found its interaction rank for every other 

behaviour separately, and these ranks provided the mean interaction 

rank across all females for each copulation partner. Females who 

cycled more than once contributed only one set of interaction ranks, 

their means across all cycles. 

If mating at full swelling had been universally associated with 

high rates of any particular behaviour at any other cycle stage, the 

more frequent copulation partners would have shown higher mean inter-

action ranks for this behaviour. This possibility is investigated in 

bloc (a) of Tables 8.IX to It. As a check on these measures, the 

proportion of all interactions seen which occurred with first, second, 

third etc. copulation partners was calculated for each behaviour in 

each stage, pooling data from all pairs. These proportions are 

compared with those expected from the availability of such pairs in 

bloc (b) of Tables 8.IX to 8-XI- 

Results: The mean interaction ranks of the first copulation partner 

tended to be higher than those of the less frequent copulation partners 

(2nd - 8th in the Tables), indicating some correspondence between 

interaction and copulation, but it was not exact since the mean rank 

of the first partner was never as high as 1. The Spearman r 5  values 

also indicate that the correspondence was not usually a linear one. 

Furthermore, a higher proportion of interactions generally occurred 

with the first copulation partners than expected (bloc (b) of tables). 

However the patterning of these results was much dictated by whether 

those few pairs who interacted particularly frequently either did, or 

did not, mate; because interaction data from other pairs were very 

scant. The only conclusions from this analysis are as follows. 
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Table 8.ix: Female-male partnerships in lactation compared with mating partnerships in the resumption cycle. 

(a) 	Mean partner-ranks (b) 	Proportion of interactions. (N = 38 pairs) 

Mating partners Mating partners non - 

(females) 1st 2nd - 8th r 5  
n 
(interactions) let 	2nd 3rd 4th mating 

exp: .13 	.11 .08 .05 .63 

F grooms 4 4.0 4.5 - 4.9 -.22 5 .20 .80 

F presents 5 2.7 4.0 - 5.5 .61 20 .30 	.15 - .15 .40 

M mounts 4 34 3.0-5.0 .79 14 .29 	.14 .07 .21 .29 

F moves away 5 4.0 3.3 - 5.2 .51 66 .15 	.14 .05 .06 .59 

F aggress 2 5.3 4.2 - 4.7 -.91 4 1.00 

M aggress 5 4.5 4.1 -5.5 -.28 33 .09 	.15 .03 .73 

Association 5 3.2 4.1 - 5.1 .69 x Assocna % 8.5 	7.5 8.5 5.2 7.0 

The males' copulation-ranks at full swelling are compared with their ranks in lactation for the social inter- 

actions listed on the left (F = female, N = male). 	In bloc (a), from left to right, are listed: the 

number of females with whom mean ranks were calculated: the mean interaction rank of the first mating 

partner: the range of interaction ranks of the other males: The Spearman coefficient of correlation between 

the males' ranks for copulation and for interaction. Method of ranking described in 8.4.4. 

Bloc (b) shows the proportion of all interactions seen which occurred with the 1st, 2nd, 3rd, etc. mating 

partners, and with males who did not mate at all, compared with the proportion expected from the availability 

of such partners (top row). The bottom row lists the mean dyadic association frequency between female and 

each mating partner. 



Table 8.x: 	Male-female partnerships in inflation compared with mating partnerships at full swelling. 

Data arranged as in Table 8.IX. 

(a) Mean partner-ranks 

(females
n 	) lot 	2nd - 8th 	re  

F grooms 6 2.7 4.4 - 5.0 .63 

F presents 6 4.6 4.3 - 5.0 .39 

N stands next 6 2.9 4.6 - 5.4 .00 

N greets rear 6 2.7 4.6 - 5.0 -.28 

N grooms 5 2.2 4.4 - 5.2 .75 
04 
.js. 	N mounts 6 4.1 4.0 - 5.2 .34 

N possess. 6 2.4 4.5 - 5.1 .05 

F moves away 6 2.3 4.5 - 5.3 -.27 

F aggress. 3 3.0 4.0 - 5.0 -.14 

N aggress. 6 3.9 4.3 - 4.9 .56 

Association 6 2.9 4.4 - 5.8 -.12 

(b) 	Proportion of interactions. (N = 68 pairs) 

non- 
/1' (interactions) 

let 2nd 3rd 4th 5th mating 

exp. .13 .10 .07 .06 .03 .60 

32 .34 .05 .05 .03 .06 .47 

57 .26 .04 .08 .04 - .58 

48 .63 - .02 .02 - .33 

12 .58 - - - - .42 

16 .70 .03 .03 .06 - .19 

33 .33 .11 .02 .03 .03 .49 

30 .60 .07 •- .03 - .30 

84 .46 .04 .02 .01 .01 .45 

6 .33 - - - .33 .33 

25 .28 .10 .10 - - .52 

Assocn. % 21.6 3.9 6.4 5.3 6.4 8.8 



Table 8.XI: 	Male-female partnerships in deturgescense compared with mating partnerships in the preceding 

period of full swelling. Data arranged as in Table 8.IX. 

(a) Mean partner-ranks 

n 
(females) 1st 	2nd - 8th 	r.  

Fgrooms 3 1.5 4.8-5.1 -.18 

F presents 4 3.0 4.2 - 5.1 .39 

M stands next 4 2.4 4.7 - 5.1 -.10 

N greets rear 3 1.8 4.3 - 5.1 .30 

M grooms 3 1.7 4.5 - 5.2 .60 

00 	N mounts 4 2.5 3.6 - 5.3 .37 

M possess 4 2.1 4.4 - 5.2 .58 

F moves away 4 3.1 4.5 - 5.0 .39 

F aggress 2 5.0 3.5 - 5.0 .04 

M aggress 4 2.5 4.4 - 5.0 .41 

Association 4 1.9 4.3 - 5.2 .83 

(b) Proportion of interactions. (N = 52 pairs) 

n 	 non- 
(interactions) 	1st 2nd 3rd 4th 	5th mating 

exp. .13 .13 .08 .08 .04 .54 

8 .88 - - - - 
- .12 

28 .32 .05 .09 .07 - .46 

43 .79 ,05 - - - .16 

14 .57 .04 .11 .07 .07 .14 

13 .69 .15 .08 - - .08 

36 .56 .04 .15 .08 - .17 

31 .65 .10 .07 •- - .19 

71 .56 .09 .04 .01 .01 .28 

4 - .38 .12 - .25 .25 

17 .59 .09 .03 .06 - .24 

x Assocn. % 36.7 8.8 77 10.0 2.1 5.9 



Behaviour in lactation was not generally related to mating at full 

swelling. Identification of the first interaction partner would not 

have predicted identity of the first copulation partner in more than 

29/a of cycles, using any of the seven behavioural measures. 
Behaviour in inflation was more closely related to copulation, 

because in comparison with lactation the mean interaction rank of first 

copulation partners was higher in five of seven behaviours, and the 

percent of interactions with first copulation partners was higher in 

five of six. Knowledge of the first interaction-partner would have 

allowed correct prediction of the first copulation partner more success-

fully in several measures: association (56 1/6 of 9 cycles), male standing 

next (56%), greeting rear (5 6%), grooming (71% of 7) and possessiveness 

(63% of 8). 

Behaviour in deturgescence was even more closely related to mating 

at full swelling. Compared with inflation, the mean interaction 

ranks of first copulation partners was higher in 9 of 11 behaviours, 

and the percentage involving first partners was increased in 8 of 12. 

Similarly, knowledge of the first copulation partner would have allowed 

better prediction of first interaction partners: in terms of association 

(correct in 71% of 7 cycles, and dyadic mean frequency very high), 
female grooming (83% of 6), male standing next, greeting rear, and 

grooming (661/6 of 6 cycles each); male mounting (79% of 7), possessiveness 

(71% of 7) and male aggression (75% of 6). 

8.4.5 Selectivity in the distribution of interactions through 

each cycle 

The following section examines the history of each female's inter-

actions with the different males through each cycle. Because inter-

actions in each dyad were quite infrequent, behaviours have been pooled 

into the general categories given in 8.4.3, namely association, 

affiliative behaviours by the female, affiliative behaviours by the 

male, and agonistic interactions. Partnerships of each female are 

illustrated in these terms in Figs. 8.14 to 8.20, and their pattern 

is described in the text. 

8.4.5a) Measures of preference by the female The data provide two 

measures suggestive of female preference - presenting and grooming. 

This interpretation is limited because it was not recorded what 

proportion of these interactions were actually initiated by the male, 
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FIG. 8.13 

Mean dyadic rats at which each adult mate received grooming and 
presenting from inflating females 
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Fig. 8.13. Rates at which each adult male received grooming and presenting 
from inflating females. Spearman r 5  values compare these rates with the 
males' dominance ranks. The rates at which these males received grooming 
and presenting from cycling females overall are shown in Pigs. 4.10 and 
5.3 respectively. 
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for example by approaching. The data above indicate that grooming 

was more closely related to eventual mating than was presenting 

(Tables 8.ix & xi). Fig. 8.13 compares the mean dyadic rates at 

which each adult male received these two behaviours from inflating 

females: higher-ranking males received grooming at higher rates 

(r5  .833, corr. obs. .905, uS, p<. 05) and also presenting 

(r .7143, con. obs. .7114, n 8, p<. 05). 	The result for grooming 

was also upheld in terms of the males' mean interaction ranks from all 

females (r5  .833), but not for presenting (.561) apparently because 

four of the six females gave 50% or more of their presents to male Al. 

When these coefficients were calculated without the two newcomer 

adults, the same pattern was apparent for grooming (r 5  .771 in all 

three measures) and for presenting (r5  .657, .5114, and .290 respectively), 

but none of these was significant. It was striking that in four cycles 

the inflating female did not present at all to her main associate, 

particularly PS. 
When the female was fully swollen, two other measures provided 

oblique evidence of females' affinities. Males seldom 'shadowed' 

consort pairs as they do elsewhere, and many cases where males spent 

much time in proximity to consort pairs were due to the movements of 

the female. The male most often near the pair was in some cases 

one with whom the female had shared high rates of interaction, or was 

also a prominent mating partner in that cycle. Secondly, male 

avoidance of consort pairs (6.7. 2 ) was often caused by the female 

moving towards the males, sometimes purposefully. Such movements 

tended to elicit possessiveness by the consort male, and on two of the 

25 occasions preceded a period of proximity by the rival after which he 

gained consortship of the female aggressively. !.C% of such movements 

were to the male recorded most often in proximity during that cycle, 

- but there was no other evidence that they coincided with ether 

preferences by male or female. 

8.14.5b) Measures of preference by the male The measures of affiliation 

by the male are more likely to have been initiated by male than female 

(cf. presenting above) especially in possessive interactions against 

other males. In several of the male-female partnerships during 

inflation, it was conspicuous that behaviours by the male outnumbered 

female affiliative behaviours considerably (e.g. P5 with Al; and 

Fl with A3). 
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8.14.50) Agonistic interactions Pigs. 8.114 to 8.20 show that agonistic 

interaction was often very frequent in pairs that exchanged much 

affiliative interaction. In most pairs these were cases of the 

female avoiding or being supplanted, (with rather less aggression of 

which most was by the male), and were presumably a consequence of 

their association-rather than-evidence of animosity. 

8.14.6 Relationships and mating partnerships of different females 

The cycles of the six females are described below under three 

categories of relationship: those which were apparent beforehand and 

included mating, and those which did not; and those which only became 

apparent after mating. 

8.4.6a) Relationships which included mating There were two prominent 

relationships including mating, both of which involved male Al. 

Female F7: Her main associate during lactation was A5,  although 

she interacted most with Al (Fig. 8.14). During inflation, Al became 

her outstanding partner: their association became five times more 

frequent, and interactions by both partners were numerous. In 

particular, her rate of presents was higher than recorded in any 

other pair during the study, and he supplanted her particularly often. 

This exceptionally frequent partnership led to consortsh.ip at full 

swelling. However, other males (A14 and A5) also mated, partly 

because the female did not appear fully. attractive and no competition 

was seen, and partly because Al was not motivated to consort, and left 

the troop, after failure in competition for another female (8.3.12). 

However this partnership was resumed in deturgescence, while her 

interactions with other mating partners decreased. 

The early cycles of P5: The first two cycles of this female were 

strikingly similar (Fig. 8.15) because of her consistent relationship 

with Al at all stages. Both animals contributed to maintaining 

their association, although most affiliative interactions came from 

the male, and he also supplanted her very often. Al was able to 

consort her through both periods of full swelling, although in the 

first one he periodically lost her to A3 (in alliance with AS)  who 

thereby achieved six consortships although she appeared less co-

operative to him in consort (A3 had not been an interaction partner at 

other times). During the second cycle, A3 only established one brief 

consortship, apparently because P6 was simultaneously in oestrus and he 
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Pigs  8.14 to 8.20 (on this and the following pages). 
Interactions of male/female pairs are traced through each 

stage of the menstrual cycle. The measures in lactation, in-
flation, and deturgescence are described in 8.4.3: Asoc is the 
male's percent time within 15m of the female (10 would fill the 
whole vertical extent of the cell of the matrix); those based on 
a small number of association samples, as indicated beneath, are 
drawn with a dotted line. F is affiliation from the female, i.e. 
presenting and grooming. 117-is  affiliation from the male, including 
grooming, mounting, and possessiveness. Ag2n is all agonistic 
interaction within the pair, mostly avoidance by the female, and 
supplants and aggression by the male. One dot equals one interaction. 

The measures at full swelling are: Prox, which is the percent 
time the male was within 25m of the female when she was consorting 
another male; gop shows the number of copulations as defined in 
8.2.2. 

The figures in the rows below the matrices show the number of 
observation days in each cycle stage (e.g. 25d above), while those 
below the Asoc and Prox columns show the number of samples on which 
each was based. 

The adult males are identified by their dominance rank, and are 
listed on the left indescending order of their copulation rate with 
the female at full swelling. This is so that if any behaviours at 
other times were related to copulation at full swelling, these 
interactions would cluster towards the top of each matrix, as they 
clearly do for Fl (above) in inflation and deturgescence. 
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was able to consort with her instead. In deturgescence P5 1 s relation-

ship with Al remained the most prominent male-female partnership in 

the troop, so much so that they were often in loose consortship. 

This stage differed slightly in that P5 presented to Al, and she 

interacted also with other males. 

The relationships which these two females shared with Al appeared 

to result from affinity by both male and female. They differed in 

that the partnership with P5 was already well established, while that 

with P7 was only initiated when she resumed cycling: which may explain 

why P7 presented so frequently, but P5 hardly at all. 

8.4.6b) Relationships which did not lead to mating The four cycles 

described here provide a number of cases of partnerships which did 

not result in consortship, and suggest a number of reasons why they 

did not. 

The third cycle of r5: This female's third cycle differed from 

the two described above only during full swelling (Pig. 8.16). During 

inflation and deturgescence she maintained the same prominent relation-

ship with Al as before, although for the first time she was seen to 

present to him in inflation (perhaps because P7,  also inflating, was 

associating and presenting to him frequently). As in previous cycles, 

P5 and Al consorted in late inflation, but at the onset of full swelling 
Al appeared to have been defeated in competition for this female (8.3.12) 

and he neither attempted to consort her nor spent time near her consort-

ships for the entire week; instead he consorted for some of the time 

with 17. Meanwhile P5 consorted males with whom she had no particular 

history of interaction, especially in long consortships with A2, who 

was also nearby most when not in consort. Compared with previous 

cycles, her rates of presenting and grooming to males at full swelling 

were more than doubled. A3 achieved seven consortships but fewer 

copulations (see 8.14.6a). During deturgescence, her partnership with 

Al resumed, and her relations with other males were not markedly 

increased although she had consorted them. 

The cycle of P1: During lactation this female was prominently 

associated with LL, although supplanted by several males (Pig. 8.17). 

During inflation, however, this male was superceded as an associate by 

A3, partly because A4 was involved with other females although he still 

interacted with P1. While she groomed both of these males in inflation, 

she groomed and especially presented to Al more than to either of them, 
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and appeared to prefer him. Despite this, A3 gave more affiliative 

interaction to her than Al did, and this apparently determined the 

pattern of consortship at full swelling, which was entirely with A3. 

Neither A4 nor Al made any attempt to consort, even though Al was 

seen most often near the consort pair, (at least in part because she 

tended to move towards him). Al appeared to have been inhibited by 

A3' s behaviour towards the female. 

The cycle of P17:  This female provides a parallel to Fits 

relations with Al and A3 (Pig. 8.18). Although she had no particular 

partners during lactation, yet in inflation she showed increased 

association with A3: she interacted with this male and Al, presenting 

more to the latter, receiving more affiliative interaction from the 

former. As with Fl, this again led to exclusive consortship with A3 

at full swelling, perhaps for similar reasons. In deturgescence, 

however, she associated and interacted most with A5, who had been 

near most during her consortships. 

The cycle of P13: This female had no prominent male partners 

during lactation, although she associated slightly more with A3 and 

A7 (Fig. 8.19). During inflation she associated increasingly with 

A3, but interacted more with Al and especially A5:  however at full 

swelling none of these three was seen to copulate with her. One 

reason was that A3 was instead consorting Fl, but the main reason was 

that the female was not fully attractive, since this was a resumption 

cycle, and most males deserted after consorting for less than an hour. 

Except for this, it is reasonable to assume A5 would have mated with 

her; instead he had three brief consortships without copulation, 

(twice taking over agonistically from A7), and most of the copulation 

was left to A7, who consorted far more than any other. AS was 

therefore possessive to the female independently of his motivation 

to copulate. 

8.4.6c) Partnerships arising after mating 

The cycles of p6: F6 was a peripheral female, and during lactation 

associated most with Al, and received aggression from him and A2: 

both males at this stage were newcomers and like her quite peripheral. 

She was unusual in that during inflation no males were particularly 

prominent partners, except possibly A7 in the second cycle (Pig. 8.20). 

During the first full swelling, she mated with males with whom she had 
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no prior relationships, namely A3,  A14 and A5; and during the second, 

she mated with these males and A7. The striking patterils for this 

female were first that during deturgescence those males who had mated 

showed marked increases in affiliative and possessive behaviour (and, 

for A4, supplants); and secondly, that it was these same males who 

mated in the next cycle, and again interacted more in deturgescence. 

These data suggest that relationships may become established as a 

result of initially opportunistic mating. Although there were a 

number of initial matings which were not followed by interaction in 

deturgescence (e.g. P17 and A3: P5 with A2 and A4 in her third cycle), 

yet the tendency of some males to act  possessively to their recent 

consorts, or even to consort them in deturgescence, was quite striking 

in the field. 

8.4.7 Partnerships in consecutive cycles 

There are only three opportunities to compare mating relationships 

in consecutive cycles of the same female. P6 clearly tended to mate 

with the same males in her second cycle as she had in her first. P5 s  

second cycle almost exactly repeated her first, but her third cycle 

differed completely in mating partnerships. These data suggest that 

partnerships occurring in one cycle tend to be repeated in the next, 

but not invariably. 

8.4.8 Summary: the formation of mating partnerships 

In three of the nine cycles, mating partnerships arose between 

animals who had no observed prior history of interaction (the first 

cycles of PS and P6, and the third cycle of P5).  However, the majority 

of partnerships coincided with previous priorities of interaction, by 

male, female, or both. It was not clear to what extent each sex 

contributed to the high frequency of association seen in some pairs. 

Female selectivity among males was apparent through grooming, which 

tended to be given more to higher rankers, and presenting, which 

tended more often to be given to the ct-male. There was evidence 

that presenting was used to initiate relationships, but was not 

especially frequent in established ones: thus P5 presented to Al 

fax less than did P7,  but she presented to unfamiliar consort partners 

at full swelling more than she did to her usual partner: presenting 

was also more frequent in resumption cycles (7.5.5). 	There were 

insufficient data to show whether consort females' tendency to move 

Me 



towards rivals expressed selectivity for males, or increased the chances 

of being consorted by them (8d.5a). 

Male selectivity toward females was apparent in their affiliative 

and possessive behaviour. There was evidence that a male who inter-

acted frequently with a female in this way could inhibit another from 

consorting her (e.g. A3's behaviour to Fl and P17), even if the other 

male was of higher rank or was preferred by the female. Finally, 

pairs who interacted affiliatively also tended to exchange more agonism, 

apparently a consequence of their frequent proximity. 

Only one pair showed mutual and frequent interaction and mated 

at full swelling (P7 and Al). Other frequently interacting pairs 

showed a more one-sided relationship, or did not mate at all. There 

are four reasons for failure to mate: first, because another male had 

established priority over the female (e.g. A3 over P1): secondly, 

because the female was not attractive (e.g. P13): thirdly, because 

the male had been discouraged from consorting by aggressive competition 

(e.g. Al's failure in P5's third cycle): fourthly, because the male 

was consorting another female (e.g. A4 during inflation of P1). 

Whether mating partnerships follow previous interaction or arise 

opportunistically, there is evidence they will be perpetuated. First, 

mating may encourage subsequent interaction during dettirgescence, as 

suggested also by data in 8.4.4. Secondly, there was some consistency 

between mating patterns of consecutive cycles. It was interesting 

that in the most consistent partnership in the troop, between Al and P5, 

the majority of interactions came from the male. 

8.4.9 Contribution of social relationships to each male's 

mating success 

The relationships described above contributed differently to the 

mating success of each male, as can be seen from Pig. 8.12. Thus Al's 

success depended primarily on his partnerhsips through the cycle with 

PS and P7,  both of which included compliance if not preference by the 

female. 	In contrast, .a2's copulation score resulted almost entirely 

from his competitive access to P5, and did not reflect any prior 

relationship with this female. Many of A3's copulations occurred 

through his possessive monopoly, without overt competition, of P1 and 

P17; he may also have been developing a partnership with F6, and he 

also gained competitive access to P5. The majority of AL's copulations 
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resulted from initially opportunistic matings with P6 which he 

perpetuated in her second cycle, although he also mated opportunistically 

with P7 and competed to mate with P5. Similarly, many of A5 2 s copul-

ations were achieved because he repeated initially opportunistic 

matings with P6, although he also mated opportunistically with F7. 

Finally, A7's matings were entirely opportunistic in that he mated 

with females who were less attractive, either at the end of full 

swelling (F5 and P6) or in a resumption cycle (P13). 

Overall, the males who achieved copulations concordant with the 

interactions they 	e to females were Al, A3, A1 and possibly A5. 

Those who achieved copulationá with females from whom they had 

received affiliative behaviours were Al and to a lesser extent A3: 

and those who attained copulations opportunistically were A2, A3, A1, 

A5 and A7. 

5. DISCUSSION 

8.5.1 Single- and multiple-mount copulations 

One unexpected finding was that yellow baboons showed both single-

and multiple-mount copulations; although some of the latter reflected 

difficulties with intromission, the data in 8 part 2, suggest that 

yellow baboons are intermediate between single-mounting olive baboons, 

and the series-mounting chacma and hamadryas (refs. in 8.2.1). It is 

not obvious why such closely-related forms should have diverged so. 

Series-mounting is the commoner pattern among Cercopithecids, but 

single mounting is found in bonnet and stumptail macaques (Simonds, 

1965; Blurton-Jones & Trollope, 1968, respectively), vervets and 

mangabeys (in Struhsaker & Leland, 1979). For the male, series-

mounting must reqáire more energy (Carpenter, 19L2a) and greater risk 

of harassment (DeVore, 1965), so that if yellow baboons can ejaculate 

on one mount, why do they not do so always? 	 - 

Physiologically, variation in the number of mounts to ejaculation 

may reflect nothing more than variability in male ejaculation threshold 

(Michael & Saayman, 1967), or physical compatibility within the pair 

(e.g. it was very frequent between k14 and p6). Alternatively, it 

might be facultative; if the female provides the consummatory stimuli, 

(Erikson, 1967; Allen & Lemmon, 1981), she might withold them, or 

the male might withold ejaculation. 
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If series-mounting does have advantages, they could be physiological. 

Because multiple-mounting increased the female's number of copulation 

calls and locomotory responses (cf. Macaca; Zumpe & Michael, 1968), 

so it might also increase internal responses which favour conception, 

such as sperm transport (Buechner et al., 1966; Fox at al., 1970; 

Adler, 1978), or induction of ovulation. Copulation-induced ovulation 

has been suggested in humans (Jochj.e, 1975): if it does occur it is 

likely to be triggered hormonally, but it is interesting that the 

baboon ovary is supplied with smooth-muscle fibres (Beck & Blair, 1977), 

and dual innervation of unclear function (LePere at al., 1965). 

Increases in the number of mounts might also have social advantages 

to the male. First, it may strengthen his bond with the female, and if 

her response is similar to orgasm (7.10.4) it might also reduce her 

proceptiveness toward other males. Secondly, it may affect the 

behaviour of rival males: when mounting (with or without intromission) 

appeared to be a direct response to social events, these were usually 

ones eliciting male possessiveness e.g. at risk of challenge from rival 

males, often with herding; at proximity of other troops; or at 

establishment of a new consortship. The time-course of incipient 

mounts in Hausfater (1975) parallels that of behaviours such as 

herding more closely than that of copulation itself (ibid: Figs. 15, 

16 & 17). Mounting unavoidably demonstrates the relationship of a 

consort pair, and it is argued below that this may inhibit rival males 

(8.5.2). The contexts separating single- from multiple-mount 

copulations would repay investigation. It seems plausible that if the 

pattern is under. facultative control by the male, and series-mounting 

does have social or physiological advantages, males will show series-

mounting except in those troops where copulations are frequently 

harassed: and if the pattern is obligate, that single mounts may have 

evolved in species where the risk of harassment by males is high. 

8.5.2 Consortship and the inhibition of rivals 

Female behaviours in consort have been discussed in terms of 

proceptivity and receptivity (7.11.2a): it was suggested that 

presenting elicits male possessiveness more than copulation, and data 

in 8.4.6 show that presents were used selectively. It is necessary 

only to add that while females usually appeared at ease with their 

male consorts, yet on occasion they seemed agitated, persistently 

363 



moving ahead and avoiding the male's mount-attempts, especially when 

a new male had just taken over. More data were needed to establish 

whether by such behaviour, or by moving towards other males (8.4.5a), 

females could discourage consorts or encourage rivals (Bachman & 

Kummer, 1980; Rasmussen, 1980). 

Wale behaviours to the female consort were given three possible 

functions (7.11.2b). First, affiliation (reassurance) to the female. 

Secondly, possessiveness, to restrain the female or prevent her 

interacting with other males; and thirdly, advertisement, to demon-

strate the male's priority of access to the female. The selective 

distribution of males' interactions to particular females, described 

in 8.4.6, provides further evidenáe in support of this. In the field 

it is clear that onlooking baboons can discriminate that a pair are 

in consort, and that males at least alter their behaviour accordingly 

(6.7. 2 ). It is a necessary complement to the consort male's behaviour 

that other males respect to some degree his priority of access to the 

female. On the basis of mainly qualitative observations in this 

study, and findings from other studies, it is suggested that this 

respect is analogous with the triadic differentiation which protects 

pair bonds in hamadryas baboons (Kummer, Gotz & Angst, 1974): indeed, 

given their congeneric status, it may be homologous. A potential 

rival male is inhibited from interacting with a female after he has 

seen her interact with another male, the 'owner' 	The grounds for 

this suggestion are presented under three headings parallel to those 

in Kummer et al. (1974) pp.75-84. 

j Other males avoid interacting with members of a consort pair. 

Hamadryas males avoid oestrus females belonging to other units 

(Kummer, 1968), and in captive experiments show characteristic 

behaviours of embarrassment and may try to escape from an established 

pair (Kummer et al., 1974). Gelada unit males also respect one 

anothers' "ownership" of females, but unattached males do not (Dunbar 

& Dunbar, 1975). 	Sugawara (1979) and Boese (1975) describe baboon 

males who consistently avoided their former females who had switched 

allegiance to another male. 
At Ruaha, rival males tended to avoid consort pairs, even if 

dominant to the consort male (6.7. 2). They seldom initiated inter-

action with either member: in 55 non-aggressive interactions between 
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a consort male and another male, the recipient was in consort in only 

22%. Males approaching a female who had recently been in consort 

sometimes locked around furtively before attempting to mount: negative 

responses to presents may have had a similar cause (5.7.3c). Males 

in consort at Gombe become temporarily dominant over other males 

(Packer, 1979b), and immigrant males gain impunity from resident 

males by temporarily initiating consortsbips with inflating females 

(Packer, 1979a, p.16). At Ruaha, ALt similarly ended a dispute with 

A7 by consorting a non-swollen female. 

L A male may direct behaviour to the rivals indicating his relationship 

with the female. 
Eamadryas males increase their possessiveness and may threaten rivals 

when one of the females is in oestrus (Rummer, 1968): and in captivity, 

the owner's 'notifying' of (presenting to) the rival increases rival 

inhibition (Kummer et al., 1978). Gelada unit males also interfere 

with rival males' overtures to the unit females (Dunbar & Dunbar, 1 975), 

and may initiate ritual 'attacks' on the all-male groups which appear 

to demonstrate their ability to defend their females (Mori, 1979). 

Males at Ruaha who were showing possessiveness or consortsbip to a 

female sometimes interacted with nearby males assertively, as though to 

remove them from the vicinity of the female. For example, a consort 

male dismounted after copulation then immediately moved towards a 

nearby male who avoided; one male showed a conspicuous increase in 

non-aggressive contact to other males during consortship with a preferred 

females and once Al herded P5 from A2, then persistently caused A2 to 

avoid until he had herded him beyond the perimeter of the troop. 

Males appeared to establish priority over inflating females in this 

way: thus A3ts possessive interactioxtto Fl were against her main 

associate from lactation (Alt) and the male to whom she presented most 

in inflation (Al). Ransom (197 1 ) also describes consort males 

initiating contact interactions with nearby rivals; and Seyfarth 

(1975, 5.4) describes how the a-male approached the p-male more when 

the latter was near cycling females. 

3.  Interactions in the consort pair are enhanced by the presence 

of rivals. 

In hamadryas, the presence of rival males causes significant increase 

between female and owner in female grooming and male clasping, and lesser 

increases in male grooming, mounting and herding (Kummer at al., 19714: 
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herding is particularly frequent if the risk from the rival is high 

(Kummer at al., 1978). Gelada unit males also herd, groom, and mount 

more alter a confrontation with another unit male, or with an all—male 

group (Ohsawa, 1979, p.36 ; Mori, 1979, PP-97, 184p-185). 	Both Kummer 

and these latter authors describe the behaviour as 'demons*tion' by 

the unit male of his relations with the female. 

In this and other studies, consort males increase their interaction 

with the female when rival males are nearby by grooming (DeVore, 1965, 

Pig. 3; Ransom, 1971) which increases the likelihood the female will 

stay close. Rasmussen (1980) found that consort males groomed more 

the attractive females who were subject to more takeover attempts. 

Alternatively the male may mount (DeVore ibid.; Bosse, 1975), or herd 

the female away (Ransom, 1971; Hausfater, 1975; Packer, 1979a). 

Ransom also recorded consort males attacking females who persisted in 

moving towards rivals (also Carpenter, 1942a; Lindburg, 1971; and 

pers. obs.). 
These lines of evidence suggest that three kinds of baboons maintain 

their bonds with females in similar ways, and that they differ only in 

degree. Quantitative evidence in support of this is required. Kummer 

at at (1970) consider that the hamadryas male pattern is merely an 

extreme form of the social possessiveness characteristic of Old World 

monkeys and apes. However, comparison of hamadryas and olive baboons, 

and their hybrids, suggest some qualitative differences between them 

which are apparently heritable. 
First, savanna baboon males generally follow their female consorts, 

whereas haRiadryas males train females to follow them (Kummer at al., 

1970). Hybrid males lose this ability, and resort to following females 

like the savanna consorts (Nagel, 1971; Sugawara, 1979). However, the 

females do not differ: both types learn to follow hamadryas males, 

the olive baboons learning within one hour (Kummer at al., 1970). 

Secondly, rival inhibition is more intense in hamadryas. The 

average distance between hamadryas males is greater than that between 

olive or hybrid males, while the latter two do not differ .(Nagel, 1971). 

Also, inhibition in hamadryas is slower to wane, taking perhaps 12 hours 

(in the experiments of Kummer etal., 1 974, p.64): whereas a savanna 

male who loses his female respects the consortship of his successor as 

soon as takeover is complete, although he may be more prone to shadow 

the pair (Hausfater, 1975) or harass their copulations (8.3.8). 
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Thirdly, hamadryas males apply their possessiveness to females 

irrespective of reproductive state, whereas savanna males usually limit 

it to fully swollen females. However, savanna males mav consort 

females in other states (e.g. mothers, Altmann, 1980), and some paired 

relationships which include possessiveness may persist through repro-

ductive changes (Cheney & Seyfarth, 1977;  Seyfa.rth,  1978b). 

Finally, why should a male's 'possession' of a female inhibit a 

rival of higher rank? A similar inhibition occurs in N. sylvana 

(Taub, 1980a), but it does not in chimpanzees, in which the cc-male can 

absolutely prevent a lower ranker from mating, but the reverse is not 

true (Tu.tin, 1979a). Packer (1979b) attributes inhibition in savanna 

baboons to a variety of factors. First, the consort may be more 

willing to fight than the rival. Secondly, the value of the female 

may be greater to the consort, because he has already mated, than to 

the rival who has not: this asymmetry is however slight, and in 

practice would probably be over-ridden by male differences in reproductive 

value etc. Thirdly, if the female prefers the consort, the rival may 

be discouraged from attempting takeover; Bachman and Kummer (1980) 

subsequently provided support for this in hamadryas; Rasmussen (1980) 

found that singlehanded takeovers in yellow baboons were achieved more 

often by males whom the female preferred; and Seyfa.rth (1978a) observed 

an a-male who did not challenge the consortship of a female who preferred 

the p-male. To these it is worth adding that it may tactically be 

easier for a determined 'os.mer' to maintain proximity to a female than 

for a singlehanded rival to come between them. 

8.5.3 Why do males consort outside full swelling? 

Males sometimes consorted and acted possessively to inflating and 

deflating females. Ransom (197 1 ) found that resident males consorted 

earlier in the cycle if a newcomer male had just joined the troop; and 

that lower ranking adults consorted earlier in the cycle while high 

rankers concentrated more on the most fertile period (also Packer, 1979b; 

Hausfater, 1975). Consorting early and late may secure chance fertilis-

ations outside midcycle, and low rankers are undoubtedly forced to 

consort at such tines. However the main consorter outside full 

swelling at Rua_.ha was the a-male, and other explanations must be found. 

First, starting early might be advantageous if prolonged consortship 

favours conception: for example, chimpanzees tend to conceive on long 
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consorthips away from the group (Tutin, 1979a); and baboon females 

are consorted for longer in conception cycles (Packer, 1979a), but cause 

and effect are not clear. Alternatively, the three facets of consort 

behaviour discussed above and in 7.11.2b suggest that the izmnediate 

consequences of consortship at other times may be social. First, 

early consortship may increase the co—operation of the female later on 

(Packer, 1979b). Secondly, an early consorter may inhibit other males 

from trying to consort the female subsequently. And thirdly, the 

consorter may reduce the likelihood that other males will be aggressive 

to him. The possessiveness which Al showed to P5 throughout the cycle 

appeared to achieve both the second and third of these. The first and 

second reasons, female co—operation and rival inhibition, would alsq 

make it advantageous for males to specialise in particular females: 

Rasmussen (1980) found that males started consorting early with females 

who they preferred at other times. This suggests that although 60 0/6 of 

consortsh.ips at Ruaha began without overt competition, yet the selectivity 

of many such consortships may represent competition at a subtler level. 

8.5.4 Competition and mate selection in this and other studies 

The Ruaha study is compared with the results of the main published 

field studies of baboon mating in Table 8.XII. The findings of Bolwig 

(1959), Maxim et al. (1963), and Paterson (1973) are excluded, being 

mainly anecdotal. The table reveals that several features of mating 

behaviour vary together. Thus the S. African chacma troops have fewer 

adult males per female; their consortships are prolonged, and initiated 

with very little aggressive competition; rival males do not shadow 

consort pairs nor harass their copulations; copulations are series—

mounts; and female preferences are evident and effective. In contrast, 

yellow and olive troops in E. Africa have more males per female, and 

consortships may be short, changing often with aggressive competition 

between males; rival males sometimes shadow consort pairs and may 

harass their copulations; mating is complete within one or two mounts; 

and female preferences do not obviously determine the formation of many 

consortships. However some E. African troops incline to the chacma 

pattern by having proportionately fewer males per female, and these 

tend to have longer, non—competitive consortships (e.g. SV troop in 

DeVore, 1965; also Paterson, 1973). 	- 
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TABLE 8xii: 

Seyfarth Hausfater this study 
1975 	1975 
1978a 

Baboon: Chacma Chacma Chacma Yellow 

Site: Cape Transvaal Mt. Zebra Ainboseli 

Troop: S 11 - Alto's 

Adult 8v 2 3 2 8 

Adult 	? 8 31 8 0.11.5 

Ratio a.:? 1:4 1:10.3 1:4 1:1.4 

3E length 2.7d 3.5d 
consortship: 

Range 2-3d ? 1-15d 1-3d cid ? 
consortship: 

Male aggr. 
- 	rare 	rare 	none 	some 

competition; 
Harassment of 

copulation: 	rare 

'0 	Rivals shadow 
consort prs.: 

Consort a. herds 
vs. rivals: 

Copulation 
series mount: 	

yes 	yes 

Copulation 
• 	single mount: 
preferences 	 yes 
evident: 
preferences 
effective: 	

yes 

S dominance & 	strongly 
mating success: 	

inverse 

References: 	Hall '62 	Saayman 
Hall 	1 63 	1970 
Hall & 	1971b 
DeVore'65 

Olive 	Olive 	Olive 	Olive 	Olive 

Ishasha 	Combs 	Gombe 	Nairobi 	Nairobi 
1968-9 	1972-5 

S & V 	B 	A1E1a 	By 	SR 

5&i7 	c.8.5 	c.7.2 	5 	6 

5&16 	16 	c.13 	12 	7 

1:1 	1:1.9 	1:1.8 	1:2.4 	1:1.2 

hours 
cld 	brief 	to 7d 	2+ d 	

few
to days  

none 	much 	much 	rare 	much 

"interest" 	often 	often 	rare 	much 

yes 	yes 

yes 	yes 	no 	rare 

yes 	 yes 	yes 

possibly 	yes 	yes 	suggested 	suggested 

possibly 	some 	some 	not very 	not very 

approx. 	yes 	approx. 	approx. 

Rowell • 	Ransom 	Packer 	• 	,, 	
1 

1967a 	1971 	1979a 	Devore 1965 
1967b 	 1979b 	Hall & Devore 1965 

Yellow 

Ruaha 

Msembe 

8 

19 

1:2.4 

<Id 

1-8d 

some 

rare 

rare 

yes 

24% 

76% 

yes 

some 

yes 

none 	some 

	

no 	yes 

	

no 	yes 

yes 

75% ejac 

yes suggested 

yes 

strongly approx. 



It is too early to conclude that these differences between chacmas 

and the E. African baboons are inherited behavioural differences, until 

we have data from chacma troops- containing as many males (absolutely 

and proportionately) as the E. African troops; for example, those 

studied by Busse and Hamilton (19 81 ). The most likely species-difference 

is the series-mount of the chacma, although even that might be a facult-

ative pattern permitted by low levels of competition and harassment 

(8.5.1). 	It seems unlikely that the sex-ratio itself is an inherited 

difference, and it is more likely to reflect habitat quality (Hall, 

1965b). 
The more convincing hypothesis is that the crucial difference is 

the number of males per female, so that with more males there will be 

more competition, shorter consortships, and possibly shadowing and 

harassment. The effect of this may be modified by other factors. 

First, if the male dominance hierarchy is not clear-cut, overt competition 

may be more intense (e.g. DeVore, 1965, SR troop; Struhsaker, 1975, 

p.60); with a stable hierarchy, competition could be latent; but in 

both cases it would favour the success of high rankers. Secondly, any 

tendency for females to become receptive simultaneously would reduce 

the mating advantage of the highest rankers, who could not monopolise 

them all, and might at times reduce the intensity of competition (e.g. 

the change in SR troop, Hall & DeVore, 1965).  Thirdly, conditions of 

visibility in the habitat may affect male competition: in poor visibility, 

consort pairs might be less susceptible to challenge, and allies less 

likely to join in, but such challenges as do occur may be more successful 

because rivals could more easily separate female from consort. 

The effectiveness of females' preferences may also vary with these 

circumstances. Evidence from this and other studies suggests that the 

results of male competition often over-ride female choice (DeVore, 1965; 

Ransom, 1971; Rasmussen, 1980;also 8.4.6). 	If so, female choice will 

be most effective when more females are simultaneously receptive, and 

competition reduced. It might also be enhanced if male dominance 

relations are not clear-cut, such that a female's preference might bias 

the outcome of competition between two equally-matched males more than 

between a clear dominant and subordinate. Female choice need not be 

antagonistic to male competition if both favour the high rankers, - as 

found by Seyfarth (197 8a), Rasmussen (1980), and this study. 
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Comparison between baboons and macaques generally support these 

conclusions. Most macaques are seasonal breeders, so that females are 

more likely to be receptive at once than in the non-seasonal baboons. 

Competition between males is usually less obvious (Conaway & Koford, 

1964; Kaufmann, 1965; Lindburg, 1971; Kurland, 1977:  but of. 

Stephenson, 1976; Dittus, 1979); and females play a prominent role 

in initiating or changing consortships (Carpenter, 1912a; Lindburg, 

1975; Eaton, 1976; Taub, 1980a). 	Therefore the lesser degree of 

sexual dimorphism in these species compared to baboons may reflect less 

intense selection for male competitive ability (Lindburg, 1975;  cf. 

Clutton-Brock & Harvey, 1977, p.24). 

8.5.5 Summary and conclusion: mating patterns at Ruaha 

8.5.5a) Conpetition Young adult and prime-age adult males competed, 

consorted and copulated more than others. Older adults competed little, 

copulating with undisputed females. Therefore among adults the higher 

rankers (i.e. younger ones) mated most. In contrast, subadult males 

mated opportunistically (Saayman, 1970; Hausfater, 1975),  the oldest 

least (Packer, 1979a). 

Although competition occurred it was not intense, since over 6 1/6 

of consortships began without dispute, and harassment was negligible. 

During competition, a challenger was only likely to obtain a female 

singlehandedly from a consort male of lower rank. However, the chances 

were greater for rivals acting in alliance, increasingly so the more 

males became involved, and such alliances allowed middle rankers to 

obtain females from higher rankers (also Hall & DeVore, 1965; Packer, 

1979b; Rasmussen, 1980). 	The two highest rankers, as newcomers, 

did not have the benefit of alliance. After defeat in aggressive 

competition, males sometimes abstained from consortship or left the 

troop for a day or so, allowing lower rankers opportunity to consort. 

Two males were noteworthy. A2 appeared to consort more at night, 

arguably because he was more agile in the sleeping trees (8.3.5, 8.3.14). 

A5 was remarkable for his willingness to aid A3 in consort disputes, 

although the benefit usually went to the latter (8.3.14). Similar 

one-sided alliances also occur at Gombe (pers. obs.). There was no 

evidence as to whether these two were related, or whether A3 might 

have reciprocated to A5's benefit at other times: during this study, 

they tended rather to compete. Because ten of their twelve challenges 
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were against newcomers, it is possible that the alliance originated 

when the newcomers joined the troop but that A3 utilised it later to 

obtain females. Ransom (1971) also suggested that an ally's willingness 

to join was affected by his antipathy towards the opponent. 

If these patterns of male competition are typical of other troops, 

it suggests that sexual selection would favour any genetic traits 

enhancing the following. 

High rank in males: because rank appears age-dependent (6.3.8), the 

crucial factors would be to attain higher rank and to keep it longer 

than males of similar age. 

Competitive ability unrelated to dominance: The advantage of agility 

in consorting in trees at night might limit the selective advantage of 

large size (as it affects agonisti.c ability): very large size may 

even be a disadvantage on the ground (Packer, 1979b, pJ41). Alternat-

ively, social skills such as the ability to establish and benefit from 

alliances, and to establish possessive relations with certain females, 

might also be favoured. 

8..5b) Nate selection Selectivity in mating partnerships has been 

summarised in 8.4.8. Some pairs who interacted frequently outside 

full swelling also mated often, others did not.. There was evidence 

that partnerships of mating tended to be repeated (also Goodall, 1975; 

Pedigan & Gonzoules, 1978) suggesting that relationships may be 

enhanced by experience of mating. Although females interacted 

selectively among the males, their preferences were sometimes over-

ridden by male selectivity, or by the outcome of male competition. 

There were too few subjects to establish what individual character-

istics are favoured by each sex. Females tended to prefer high ranking 

(i.e. younger) adult males especially the a-male (see refs. in 8.4.1): 

they would therefore have been choosing males of proven quality. 

Alternatively, they may have favoured the a-male as a newcomer, a 

recurrent finding in mating preferences (e.g. Packer, 1979a: refs. 

also in 9.2.1c): but even among resident adults the higher rankers 

tended to receive more presents and grooming (8.4.5a). There was no 

evidence that females favoured particular males because they were either 

protective to infants, or active in troop defence, (e.g. Trivers,.1972). 

Males showed less concensus in the distribution of their inter- - 

actions among females. Their selectivity seemed influenced by 

372 



female's preferences (e.g. P7 with Al) and by their availability as 

determined by (a) the possessive behaviour of other males (e.g. Al did 

not consort P3), and (b) the intensity of competition encountered over 

the female (e.g. Al's failure to consort P5 in her third cycle). Thus 

P6, with no particular male partners in inflation, consorted with the 

highest rankers available at the time. The slight correspondence 

between ranks of mates, although not significant, suggests that males 

might favour high ranking females, which would be advantageous if they 

reproduce faster (as in Drickamer, 1974b; Dunbar & Dunbar, 1977; 

Sade et al., 1977; Wilson et al., 1978; Silk et Al., 1980). 	However 

the evidence is that female availability is the male's first criterion, 

agreeing with packer's (197 8b) conclusion that males consort more 

according to the selectivity of other males than to the particular 

qualities of the female. 

The study was too short to determine whether mating partnerships 

follow longer-term relationships, as in some pairs of baboons elsewhere 

(Ransom & Ransom, 1971; Seyfa.rth, 1978b; Altmann, 1980), or whether 

they contrast with them as is characteristic of macaques (Enomoto, 1978; 

Ped.igan & Gonzoules, 1978). 

8.5.5c) Sexual selection Although these data relate to mate selection 

and mating success, their relevance to sexual selection is not clear. 

This is, first, because we do not know what proportion of individual 

variability in behaviour is inherited, and what proportion acquired 

during life. Secondly, because adult male rank was related to age, it 

is not certain that males' differences in mating success would have 

persisted throughout life; although Saunders and Hausfater (197 8 ) 

suggest that they would. These data therefore demonstrate mechanisms 

which contribute to differences in male mating success, but only by 

comparison with the findings of other studies can we estimate their 

relative importance and their implications for evolution. 
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GENERAL DISCUSSION 

9.1.1 Comparison with baboons at Gombe and elsewhere 

Because no previous studies had been made on the Ruaha population, 

it is worth reporting some qualitative features of their behaviour. 

In Appendix III are listed a number of differences between these 

baboons and the olive baboons at Gombe (pers. obs., data unpublished), 

with reference to other studies. 

While olive, yellow, and chacma baboons are commonly considered 

a polyty-pio species (2.IIIa), it is not clear whether they represent 

forms which have diverged in isolation during the Pleistocene but 

whose ranges are now contiguous, or whether their differences are 

currently maintained by local selective pressures. Examples of the 

latter might be disease (e.g. Wheatley, 1980), or differences in 

available foods, although there is insufficient evidence yet that 

they differ in preferred diet or habitat-type. It may be significant 

that the distribution of the yellow baboon coincides with that of the 

more erytliristic forms of Cercopithecus (Hill, 1 970 , p.269), suggesting 

local selection for colour. The yellow baboons' morphology, gracile 

with an arched tail that appears to act as a counterweight during the 

stride, looks more appropriate to efficient walking on the ground than 

does that of the olive baboon. 

Whatever past or present selective forces may have separated 

these baboons, their behavioural differences may have three origins. 

First, they may be direct responses to different environments: the 

habitat at Ruaha was less forested than that of baboons studied at 

Gombe and Ishasha, but with less open grassland than at Amboseli, 

Nikumi, or Gilgil. The pattern of supplanting may reflect the high 

intensity of feeding competition (Appendix III, 3). 	Secondly, they 

may be inherited differences in behaviour, whose function is not 

obvious, since those in the appendix seem insufficient to enhance 

reproductive isolation. Thirdly, they may be pre-cultural differences 

(e.g. 5.7.3b),  and therefore either random or locally adaptive. 

The patterns reported in Appendix III place yellow baboons 

closer to olive baboons but with some features of chacmas. This is 
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surprising since liii (1970) considered that olive and chacma are 

taxonomically closer than either is to yellow baboons. 

9.1.2 Social relations among adults 

9.1.2) The distribution of social behaviours in this study are 

summarised in the following paragraphs. Most patterns have been 

discussed in the relevant chapters, and only more general issues are 

mentioned here. The data obtained in this study were probably 

biassed towards the behaviour of males: this is firstly because 

ad libitum sampling had to be limited to conspicuous patterns visible - 

from afar, while relations between females may be better revealed by 

subtler patterns like friendly contacts, approaches, and coordination 

of proximity which could not be reliably recorded. Secondly, the 

choice of behaviours partly resulted from the observer's interest in 

characterising the males, ultimately in relation to mating: although 

it does not reflect any belief that males are any more important to 

social structure than are females (1.1). 
9.1.2b) Relations between females Behaviour between females was more 

affiliative than that between males, in that they groomed one another, 

while males did not, and they exchanged much less agonism. Patterns 

of association were characterised by frequent proximity between mothers, 

attributed to the attractiveness of their infants; patterns of grooming 

revealed the attractiveness of mothers to non-mothers, and an affiliation 

between close-rankers which was also reflected in their alliances. 

The mothers' attractiveness may bring them safety in numbers, and 

social experience for the infant, but it has its costs in that lactating 

females are most susceptible to disease (Freeland, 1976, p.15) and in 

that mothers may receive so much attention as to cause them distress 

(Altmann, 1980). 	In all, affiliation was most affected by reproductive 

state (with pregnant females also more reclusive), and closeness in 

rank which may reflect kinship (Moore, 1978). 

Patterns of agonism between females were primarily affected by 

their position in the dominance hierarchy, which closely determined the 

amount of agonism each gave or received. Allied aggression tended to 

be given to close rankers, possibly concerning maintenance of dominance 

ranks within or between matrilines. Reproductive state had less effect, 

although mothers were often supplanted (again because of their infants), 
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and cycling females tended to give and receive more agonism. The fact 

that pregnant females were supplanted least probably reflects their 

peripherality. 
Overall, these patterns agree with the existence of long-tern bonds 

between females, through kinship or familiarity. The high direction 

constancy of their agonistic interactions may reflect both their 

kinship, and that their priorities in reproduction are to feed 

efficiently and reduce the costs of social interaction, especially of 

agonism (6.4.6, 6.11.4). 

9.1.2c Relations between male and female Several patterns between the 

sexes were consistent in most types of interaction. First, adult males 

were involved more than subadults, both in affiliation and in agonism. 

Secondly, among female classes, cycling females were more frequently 

involved with both adult and subadult males, while mothers were 

involved frequently with adults but very little with subadults. 

There was evidence that females who associated and exchanged 

affiliation with males also received more agonism from them, notably 

supplants. Thus association with, and agonism from, males tended 

to be more frequent for high-ranking and for cycling females. Among 

adult males, high rankers interacted more with females (chiefly because 

of their high rates with cycling females); but in contrast, among 

subadults the lower rankers, who were smaller and presumably younger 

interacted more. 

The femalest priorities in reproduction to obtain high quality 

mates, and to obtain protection for the infants - are exemplified 

here respectively by the cycling females' greater affiliative inter-

action to high ranking adults, and by the mothers' association with 

prime-age resident males. The latter were anyway the males most 

likely to have fathered the infants concerned (6.9.6). The converse 

priorities for males, to maximise the number of matings, and only 

secondarily to provide protectiveness, were also evident. Competition 

between males favoured the matings of high rankers, at expense of 

post-prime adults. Although males who have been in a troop for 

longer might have greater reproductive interest in protecting immatures, 

this was only evident in the contrast between newcomers and residents, 

but older residents did not obviously contribute more than young ones. 

The study was too short to establish whether the males who interacted 
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most with infants did so especially to those of females with whom they 

had mated (e.g. Seyfarth, 1978b; Altmann, 1960). 

The most interesting feature of this pattern is the contrast 

between cycling females and mothers in their 2choice' of adult males. 

While both classes were involved with the three prime adults, cycling 

females also interacted frequently with newcomers, while mothers had 

hardly any interaction with the newcomers, but interacted frequently 

with post-prime A7. This contrast may illustrate a general pattern. 

Other authors report cycling or oestrus females being particularly 

attracted to unfamiliar males (Ransom, 1971, p.235; Packer, 1979a, pp. 14, 

18, 27;  Urdy, 1977). Females in oestrus may range more widely, becoming 

more likely to meet other groups (Packer ibid. p.14; Nash,  1976,  p.72; 

Cheney & Seyfarth, 1977: also in chimpanzees, Tutin, 1976; Nishida, 

1979; Pusey, 1960; also see Rasmussen, 1979), and may mate with them. 

In complete contrast, however, baboon females with young infants avoid 

unfamiliar males, and may respond to them with fear (Packer, 1979a, p.14; 

Busse & Hamilton, 1981). 

Parallel to this is Seyfarth's (1976b) observation that some 

females changed their preference among males between lactation and 

cycling. And there is some evidence that macaque females will not 

tolerate immigrant males until the onset of the breeding season 

(Vessey, 1971; Bernstein et al., 1974, p.520). 	Cycling females' 

preference for the unfamiliar may favour outbreeding (Packer, 1979a), 

and by attracting migrants may increase male-male competition and 

thus the resultant quality of their mates (Glutton-Brook & Harvey, 1976; 

Freeland, 1976; Packer ibid.). However, immigrants may bring 

diseases, and some risk of infanticide (6.9.6, 6.11.1). 	It has been 

suggested that the willingness of langur females to mate with outsiders, 

and the resumption of cycling by patas females after male takeover 

(quoted from Loy, 1974: also found in geladas, Ohsawa, 1979) might 

reduce any newcomers' tendency to infanticide (Hrdy, 1977).  However 

it is the mothers who are most at risk, both from disease (Freeland 

ibid.) and infanticide, and either of these may explain their lack of 

relations with the newcomers at Ruaha. If female st preferences 4. 
gradually change with reproductive state, it would be interesting to 

know if this is mediated hormonally, or through changes in the mother's 

protectiveness to the infant. 
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9.1.2d) Relations between males Interactions between males were 

usually tense, either assertive or aggressive, and their agonistic 

rates were far higher than those among females (6, part 4). Individual 

rates of agonism were determined fax less by their dominance rank than 

were those of females: some males were particularly assertive and 

aggressive to their subordinates, and many more interactions were 

given from subordinate to dominant. The pairs who associated and 

allied frequently also exchanged much agonism, suggesting that 

relationships even of association and alliance were not .ffiliative' 

in the usual sense. 

The age-range of the males allowed construction of hypothetical 

life-histories with respect to spatial pattern (3.VIc), affiliation 

(4.5. 6 ), agonism (6.10.4) and mating (8.3. 1 4). 	Their individual 

differences are also discussed in 6.7.12, 6.7.13, 6.9.3,  6.9.6 and 

6.11.1. 

Overall their differences may be summarised in tens of the 

contrast between adults and subadults, and the variation among adults 

in tens of dominance rank, age, and seniority. The latter affected 

tendency to ally, and to interact with infants, of use in agonistic 

buffering. 

The subadults were not markedly aggressive, even when of quite 

high rank, and did not compete to mate: two associated often with 

adults, and received much agonism from them. The other two were 

more peripheral. All showed particular interest in other troops, 

moving closer to watch in contrast to adults who tended to herd 

females away (Cheney & Seyfarth, 1977; Packer, 1979a). 

Adult males generally interacted with males more than did 

subadults, although two of the post-prime adults interacted very 

little. The two young adults had established few relationships with 

males or with mothers, apparently because they were newcomers. 

Therefore without allies or access to infants, they obtained resources 

including swollen females by virtue of their high rank alone. They 

were also the most frequent targets of 'gang attackst (6.11.1). 

Al's relations with males were partly affected by his persistent 

association with F5, which appeared to give him some protection 

against them (8.5.3) and also gave him considerable mating success. 

A2 1 s relationship with P9 allowed him to be the first of these two 
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newcomers to gain access to a black infant (Ngatwika, pers. con.): 

the infant was conceived after A2 had joined the troop, but its 

paternity is unknown. This suggests one way in which newcomer males 

may become focal, although Saayman (1972, p.80) provides an alternative 

example, and it is possible that some males never do (pers. obs. at 

Gombe). 

The social position of the three prime adults was compounded 

from their high competitive ability (ranks 3, 4 and 5) and because as 

residents they had allies and access to infants. Alliance and infant-

use increased their effectiveness against newcomers and against one 

another. The position of two of the post-prime males, A6 and AB, 

suggests that as males age their competitive ability (and thus rank) 

declines, and females no longer prefer them (Saayman, 1971b, describes 

an exception, the old male Yogg who was strongly preferred). A7 

appeared to be an ageing focal male, compensating for his declining 

competitive ability by assertiveness to high rankers, by alliance, 

and by use of infants; and for his decreased attractiveness to 

females by grooming them very much. 

The low rank of the older adults illustrates predictions that 

old males should rank low in competition for minor resources such as 

food. However,, because an oestrus female is a more valuable resource 

for an aged male (of low reproductive value) than for a young male, 

old males are expected to retain 'high rank in competition for such 

females. 	This is predicted by Clutton-Brock and Harvey (1976,  p.220), 

and by Popp and DeVore who cite the example of old male Roy -ia (in 

DeVore, 1965) who was a successful mater. The present study does 

not support this hypothesis (8.3.14c): furthermore Rovia gained 

matings through alliances, not by his individual ability, and the 

other example cited by Clutton-Brock at al., did so through female 

choice. 	The data of Packer (1979b, p.41) do show that older males 

rank higher for consorting than for dominance, but he ascribes this 

to experience rather than changing resource value. 

The pattern of alliance between resident adults resembled that 

of the 'central hierarchy' described by Hall and DeVore (1965): 

the differences at Ruaha were that the males most often involved in 

alliances were not the highest rankers, and that the allies also 

competed against each other whereas the 'central hierarchy' males 
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were mutually tolerant. The original descriptions also suggested 

that central hierarchy males provided most protection for the mothers 

(but see Altmann, 1980, p.118). 	In all, the central hierarchy concept 

combines male st spatial position, dominance rank, alliance, and 

relations with mothers: thus it is a compound concept, and there are 

no a priori reasons why its components should vary together. In 

Table 9.1, relevant measures are compared across the eight adult 

males at Thiaha: these are dominance rank, apparent age, rate of 

aggression in alliance with males, alliance with males as proportion 

of all aggression given, and (from Table 3-9)  percent time with mothers, 

and percent time in clusters. It is already mown that rank is the 

inverse of age (6.3. 8 ), and that males who spent more time with mothers 

also frequented the clusters (3.Vd, iii) and interacted more with 

infants (6.9.3). 	The remaining pattern is that (a) older, lower 

ranking males were in alliance for proportionately more of their 

aggression given, but especially (b) malest  rate of aggression in 

alliance was related to time spent with mothers and to time spent in 

clusters. Thus spatial position and relations with mothers are 

related to involvement in alliance with other males: but none is 

related to dominance rank. This is because the four focal males, 

A3, A4, A5 and A7 were the top four in all three measures. While 

it is easy to see a causal link between clustering and time with 

mothers, it is not clear why they should be related to alliance. 

It could be that alliance was an inevitable consequence of proximity 

to the same females, but the frequency of some alliances (e.g. between 

A3 and A5) suggests that they were more than that. Because the males 

involved were the three prime resident adults, with one post-prime, 

it is suggested that the keys are familiarity, in that longer-tern 

residents will be familiar with one another and with females but 

newcomers will not, in combination with rank, in which low rankers 

(iii this troop the aged males) will be excluded. 

9.1.3 The evolution of social skills 

Contexts and details of interactions may reveal much that is not 

apparent from simply considering rates of interaction. Contexts 

have been referred to repeatedly in the text (4.5.3, 5.7.1, 5.7.3, 

6.2.3, 6.4.6, 6.8.6, 6.9.2, 7.11.2, 8.3.11, 8.5.2). 	It was apparent 

during observations that any one behaviour may have a variety of 
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Rank: 

Age: 

Allied 
aggression 

Proportion 
allied. 

Time with 
mothers 

—.964 —.238 
(—.405) 

.222 
(.408) 

Table 9.1: 	Spearman rank correlation coefficients comparing the 

eight adult males in terms of dominance rank, apparent age (rank 1 

as the oldest), rate of giving aggression when allied with males 

(repeated with observability correction in brackets), the proportion 

of aggression given in which allied with males, the percent time with 

mothers, and the percent time in clusters. The latter two measures 

are from Table 3.9. 	A coefficient of .714 corresponds to p  <. 05. 

Age Allied 	Proportion Time with Time in 
aggression allied 	mothers 	clusters 
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results according to the context and the way in which it is used. 

Interactions were sometimes directed to modify the behaviour of others 

in an apparently purposefuJ. way. Three examples are grooming, male 

interaction with infants, and male consort behaviour. Each may be 

assumed to have a primary adaptive function, respectively hygiene, 

protection of infants, and monopoly of mates. However, each could 

be 	in other ways. For example, apart from being a general 

expression of affiliation, grooming was also done purposefully to 

elicit grooming in return (e.g. when males groomed females outside 

oestrus), or to prevent the recipient interacting with another animal, 

or to gain refuge from an aggressor subordinate to the groomee. The 

other two behaviours, infant-interaction and consortship, are both 

patterns in which the male may gain temporary dominance, or some 

impunity from attack (Packer, 1979b). Males sometimes utilised 

this by initiating such interactions when they were at risk from 

an opponent rather than in relation to the risk to the infant or the 

attractiveness of the female. It has been suggested that such 

of infants has to be learned (6.9.6). 	Similarly, Packer's description 

of immigrant males taking refuge from residents by consorting inflating 

females (1979a, p.16) also implies that this tactic is learnt since it 

is only multiple-transfer males, who have experience of consorting, 

that do it. These lines of evidence suggest strongly that animals 

who have learnt the effects of their behaviour on others may then use 

the behaviour in new contexts to their own advantage. 

Baboons and other primates also show considerable flexibility in 

their longer-term behaviour, especially in showing behaviour appropriate 

to their social position. 	For example, Post et al. (1980, p.189) 

suggest that low-ranking baboons may choose particular foods or 

feeding sites because they incur less risk of competition. Alternat-

ively, a-male chimpanzees do not need to consort t on safari' with 

swollen females, because they alone can monopolise the female in the 

group, but lower-rankers must attempt to consort (Tutin, 1979a). The 

parallel in this study was the variation in the ways that males could 

improve their mating success above that available from their own 

competitive ability: thus A2 took advantage of his agility, the 

prime adults used alliances, and subadults made no attempt to compete 

but were quick to copulate opportunistically. 
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These short-tern and long-ten variants in behaviour suggest 

that primates show particular social skills. Any animal who lives 

socially is confronted with particular problems and opportunities, 

and if its response to these can affect its reproductive success the 

evolution of more complex social skills becomes inevitable (A. Jolly, 

1966). While the variations in behaviour discussed above Qay represent 

genetically programmed responses to particular circumstances, yet the 

multiplicity of such circumstances which are possible in a social 

group suggests a more parsimonious viewpoint, which is that they are 

the products of broader cognitive abilities not tied to particular 

circumstances. As Humphrey (1976) points out, an animal may benefit 

not just from being able to learn, but also from an ability to assess 

complex and changeable social situations, to predict the behaviour of 

others, and to anticipate the effects of its own behaviour on them. 

Convincing examples of this have been described in chimpanzees 

(Hiss & Goodall, 1977; DeWaal, 1978). 

It is likely that such social skills will affect eventual repro-

ductive success, not only in chimpanzees but also baboons and other 

social animals. There is evidence that the matrilineal ranking system, 

which is maintained by complex relationships between kin (Cheney, 

1977; Walters, 1980) confers reproductive advantage on high rankers 

(refs. in 8.5.5b)  at least in macaques; social pressures on female 

baboons are also particularly strong during motherhood, the most 

critical period of their reproductive life (Altmann, 1980).  Male 

baboons also face social problems, but of a different sort. Each male 

must become integrated into at least two social groups in his life: 

initially, his natal troop, and after that, his breeding troop in which 

he must establish relationships with male and female which allow him to 

mate. He must also learn the competitive tactics of consortship, in 

which the ability to assess and predict may bring immediate reproductive 

benefits. Males can also learn to transfer from troop to troop with 

greater ease (Packer, 1979a, p.18). 	In all, baboons demonstrate social 

skills which are very likely to affect their reproductive success: 

the fact that they have these skills strongly supports the ideas of 

Jolly and Humphrey (above) that responses to the social environment 

have been at least as important as responses to the phvsicaJ. environment 

in the evolution of primate intelligence. 
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Appendix I 

Definitions of behaviours 

Premiss: In the following, the tens approach and leave are used to 

describe one animaJis moving into or out of arms reach of another. 

A. GROOMING 

Groom-present: The donor, within ants  reach, presents part of 

the body (other than the rear) to another. 

Groom: The donor picks through the fur of the recipient, with 

one or both hands. 	(Note: Self-grooming, or Autogrooming, was not 

recorded). 

B. AGONISTIC BEHAVIOURS: (broad definition) 

- Non-aggressive agonism; between males only: 

Replace: When one male vacates a position (feeding or nesting 

site, grooming partner), a nearby male moves to occupy it immediately 

afterwards. 

Pass: A male approaches and leaves another without stopping or 

exchanging gestures. 

Male contact: A male approaches, exchanges non-aggressive 

gestures with, and leaves another (e.g. ann-round, stand in contact, 

cheekchew etc. but excluding mounts). 

- Non-aggressive agonism between any animals 

Excludes any interaction with threat or more intense aggression. 

Avoidance: One animal walks towards another who moves out of 

the line of travel of the first before they are within arm's reach. 

Supplant: The donor approaches the recipient who leaves within 

five seconds, or within five seconds of the cessation of gestural 

exchange. 

- Aggression 

Any interaction including gestures of threat or more intense aggression 

(as defined in Hall and DeVore, 1965). Aggressive interactions were 

classified on a continuum of increasing intensity, and only the most 

intense of the following was recorded. 

Threat: Any of a number of stereotyped gestures - head-bob, 

eyebrow raise, slapping ground, yawn canine-threat (i.e. directed 

yawn), sweeps ground, etc. 
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Chase: Directed running pursuit of another. 

Attack: Any aggressive contact, including grappling, hitting, 

grabbing, biting, throwing to ground etc. Often reciprocal. 

Agonistic alliance: Agonistic interactions simultaneously 

involving two or more animals against a third, either in attack or 

defence. Any pair of animals simultaneously directing aggression 

toward a third are referred to as allies. 

- Interactions between male and infant 

Interactions between either an adult or subadult male and a black 

or brown infant were subdivided as one of: 

Interest: The male approaches the infant and looks closely 

at it without contact; usually while the infant is on the mother. 

Manipulation: The male touches the infant: trying to pull 

it from its mother; or if it is off the mother, grooming, holding, 

or restraining it, excluding (xiv). 

Carrying: The male travels while bearing the infant, either 

supporting it with one hand while walking tripedal, or with the 

infant clinging ventral or dorsal. 

Use of infant: All cases where a male was carrying an infant 

(or manipulating an infant off the mother) while interacting with 

another male, either as donor or recipient. 

C. SOCIOSEXUAL AND SEXUAL BEHAVIOUR: 

Present (rear-present): This was only recorded when given by 

female to male. The female directs her rear toward a male,, either 

by taking up a stance, or during travel by inclining her rear toward, 

or cocking her tail away from, a male whom she is passing. There 

is no distance criterion: the female often looks at the male. 

(xv) Rear-oriented behaviours: Males' responses to presents, or 

unsolicited gestures directed at a female's rear. 

Negative: (i) Avoidance. A male turns his head 

away, or leaves, when a female presents. 

(ii) Ignores. 	The male shows no visible response 

to a present. 

Greets rear: (i) Touches rear. With or without a 

present, the male touches the rump, perineum,belly, 

or flanks of the female, from behind, but without 

inspecting. 	(ii) The male may nip the female's flanks. 
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(c) Inspects: The male moves his nostrils to within three 

inches of the female s perineum. This category 

subsumes any of (i) above if an inspect occurred. 

(ni) Mounting: A contact interaction in which the mounter moves 

the pubic region to the body of another, usually the rear. Mounters 

stand bipedally with hands on hips or flanks of mountees, often 

clasping the ankles with their hind feet (= footolasp). Mounts 

were subdivided as follows: 

Attempt-mount: The mounter does not reach the full 

mounted position, either through inability, or because 

the recipient evades, or due to interruption by 

harassment. 

Half-mount: The mounter begins to mount (i.e. with 

forefeet clear of the ground) but desists before reaching 

the full mount position. 

Mount: A complete mount, without intromission, classified 

according to: (a) orientation: whether the mount was 

correctly oriented (i.e. sagittally at the rear) or 

wrongly oriented, and (b) presence or absence of pelvic 

thrusting by the mounter. Thrusting without intromission 

was shallow and usually rapid. 

Intromitted mount: A correctly oriented mount with 

penile intromission. Intromission was either seen 

directly, or inferred from the presence of slow deep 

thrusting by the mounter. 

(xvii) Components of intromitted mounts: For all intromitted mounts 

for which it was possible to observe clearly was recorded the following: 

Male pause: The male ceases thrusting and stays rigid 

for a few seconds before dismounting. Considered 

indicative of ejaculation.. 

Female vocal response: Ranging from 0 - none heard, 

through 1 - audible vocalisation, but not the distinctive 

copulation grunt, to 2 - recognisable copulation grunt. 

Female locomotorv response: Ranging from 0 - the female 

moves no more than two paces when the male dismounts, 

through 1 - the female walks or trots, usually less than 

5 metres, to 2 - the female runs forward, often beyond 

5 metres. 
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(a) Onlookers' response: Nearby animals would sometimes 

walk or run towards the mounted pair, or 

harass - direct aggressive gestures at the pair. 

(xviii) Classes of intromitted mount: On the presence of absence 

of the male's pause, the member of the pair which terminated the 

mount, and the response of onlookers, mounts with intromission were 

judged to be: 

(i) Incomplete mounts (i.e. without pause), terminated 

voluntarily by the male or by the female. 

(2) Interrupted mounts (without pause), terminated when the 

male dismounts in response to the behaviour of onlookers, 

e.g. harassment. 

() Complete intromitted mounts: the male pauses before 

dismounting. 

D. POSSESSIVE AND CONSORT BEHAVIOUR: 

Interactions defined by gesture and/or context when shown by male to 

female. 

(mix) Stands or sits next: The male approaches and stands or sits 

within arms reach of the female. Often directly behind her. In 

movement, classified as following the female. 

(n) Coercion: The male interacts forcibly with the female, by 

pushing, cuffing, nipping her skin, or pulling her rear. May 

precede mounting. If elicited by the presence of a rival, included 

as possessive interaction (below). 

(ni) Possessiveness: Behaviours whereby the male appears to reduce 

the likelihood that a female will interact with another animal. 

Distinguished by their contexts: at the arrival of another male 

nearby; when the female moves towards such a male; or (occasionally) 

at the proximity of another troop. Characterised by the urgency of 

the male's performance. 

Herding: The male pushes or cuts in front of the female 

to divert her from her line of travel towards another male. 

Shielding: The male interposes himself between the 

female and a nearby male, but without touching her. 

Blocking, intermediate between (a) and (b), is when a 

male stands to block the female's travel toward another 

male. 
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(c) Other behaviours sometimes judged from context to be 

possessive were male mounting, chasing, hurrying close to, 

and sometimes grooming the female: 

For all interactions in these categories, the apparent stimulus was 

recorded: e.g. other troop seen/male nearby/chasing nearby, etc. 

E. GONSORTSEIPS: 

Pairs were defined as 	consortt on the following criteria (criteria 

judged to be obvious also to rival males): any two were sufficient. 

the male consistently travels after the female 

whenever she moves. 

the male shows possessive behaviour to the female 

against other males. 

the male persistently grooms the female. 

The start and finish of each consortship was classified, if 

seen, as: 

(i) Non-agonistic: (a) Finds: a male and female, both of 

whom seen previously not in consort, start to consort. 

(b) Deserts: a male desists from consorting without 

any evidence of competition from other males. 

(2) Monistic: (a) Displacement: the consort male deserts 

the female in apparent response to the presence of a 

nearby male who immediately assumes consortship, but 

no aggression is exchanged. 	It was not possible to 

record attempted displacements. 

(b) Aggressive: the consort male gives up consortship 

of a female during aggressive exchanges with animals 

other than the female. Subdivided as solo if the 

consort male had only one antagonist (although he might 

have an ally in defence), and as allied if the aggression 

involved the consort pair and animals in addition to one 

male opponent. These were usually other males. 

Aggression directed from adult or subadult males to a consort pair 

were considered to be attempts to gain consortship of the female. 

421 



Appendix II 

Additional tables of data 

Contents 

Tables 

6.nvii: 	Male-male alliance compared with proximity. 

7.1711: 	Differences between females in the class of their 

partners in intromitted mounts. 

7.171II: 	Differences between females in the proportion of 

their intromitted mounts for which the male showed 

ejaculatory pause. 

7.JCCI: 	Differences between females in their vocal response 

to intromitted mounts. 

Legend: to Tables 7.JOCI to 7.flVI 

Tables: Detailed partitioning of intromitted mounts 

7.XXII: 	Comparison of male classes for the likelihood of 

ejaculatory pause. 

7.flhII: 	Comparison between cycle-states for the likelihood 

of ejaculatory- pause. 

7.XXIV: 	Comparison of male classes for female vocal response. 

7.217: 	Comparison between cycle-states for female vocal response. 

7.XKVI: 	Comparison of the incidence of ejaculatory pause and 

female vocal response. 
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14 6 	4 

13 3 	3 

7 3 	7 

4 0 	0 

no test 

Table 7.JCVII: 	Number of intromitted mounts to each female in each 

cycle state, by males of each class (1mm - immature: Sub - subadult: 

Ad - Adult). 	Brackets = pooled for 

Deflation 

1mm. Sub. Ad. 

Inflation 

Females: 
1mm. Sub. Ad. 

Fl (27 9 2) 

P5 7 1. 83 

F6 49 14 8 

P7 26 9 8 

F13 44 2 3 

P17 46 20 2 

x 2  23.54 

df 8; 	p<. 00l 

flt! 

1mm. Sub. Ad. 

7 1 28 

21 5 73 

22 11 73 

43 19 73 

19 10 17 

18 8 7 

2 71.93 

df. 10; p<.Ol 

Table 7.XVIII; 	Number of intromitted mounts to each female by males 

of each class in which the ejaculatory pause was present (+) or absent 

(-). 	All cycle states are pooled. 

Immature Subadult Adult 

Females: 
Fl 15 	1 3 	0 10 4 

F5 13 	8 4 	3 17 30 

P6 21 	3 5 	1 15 18 

P7 14 	3 10 	3 13 1 

P13 2 	7 2 	3 7 6 

P17 25 	5 15 	2 3 1 
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Table 7.XXI: 	Differences between females in their responses to 

particular male classes in inflation and full swelling. Vocal 

responses graded 0 >1) 2. Brackets = pooled forX2 . 

Females: 
Fl 

P5 

PG 

P7 

F13 

P17 

With subadults 
in inflation 

1 a 
8 16 3 

3 .2 2 

1 8 40 

1 9 16 

10 29 5 

11 32 3 

With adults 
at full swellin 

2 1 

'0 ., 3' 4 

1 3 7 

0 3 19 

2 1 40 

1 13 5 

0 14 4 

>e  2 92.45 
	

2 49.29 

(if. 8; p çooi 	df. 4; p  <.001 



Legend to Tables 7.flhI, XXIII, XXIV, XXV, and XXVI. 

The following tables contain a large number of 2 x 2 matrices. 

Each matrix compares two variables which are listed at the head of 

the table. Each matrix is of the form: 

c 	d 
a 

b 

The test in each case is to compare the ratio between a and b in each 

column o and d. The proportion of b in column d is compared with 

that in column c, and marked as greater (+), less than (-), or equal 

(=). 	For example, the matrices in Table 7.flfl show the number of 

ejaculatory mounts with the ejaculatory pause (b) and without it (a) 

for subadult males in column c, and adult males in column d. 

Each table compares two variables concerning in -tromitted mounts. 

The conditions of the other variables for each matrix are indicated 

by the following abbreviationsin terms of: 

The female's identity: Fl, F5 1  P6 1  F7 1  F13, or P17. 

Female cycle state: Inf (inflating), Pal (fully swollen) or 

Def (deflating). 

Female vocal response to copulation: 0, 1, or 2. 

Class of male mounter: Ad (adult), Sub (subadult) or 1mm (immature). 

Ejaculatory pause: as present (poz) or absent (nil). 

All matrices with any data have been filled in, but only those marked 

+ or - contributed to the analyses in section 7. 
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Table 7.XXIIa. 	The proportion of intromitted mounts with and 

without the ejaculatory pause (Fez & Nil respectively): adult 

and subadults compared. Other abbreviations as listed above. 

e.g. 	Sub Ad. 

Nil  

P0 z  

Vocal. 	0 	1 	2 	 0 	1 	1 
resp. - - 

In!. 0 2 3 0 1 4 
00 00 03+ 

FuJ.. 08 01 05 06 
0 4 0 2 1 2— 220- 

Def. 2 1 1 0 0 0 
0 0 0.0 0 3 

In!. 1201 21 14 22 20 
0 0 0 0 0 2+ 0 0 0 0 1 0 

Ful. 0.1 01 2 9 1 0 44 
o o 0 0 1 15+ 0 0 2 1— 

Del'. 0 0 0 3 
01 00 

F13  F17 
In!. 12 01 30 50 10 

00 00 00 00 00 

FuJ.. 01 02 11 11 50 02 
00 13— 23+. 00 00 11— 

Del'. 
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Table 7.flhlb. 	The proportion of intromitted mounts with and 

without ejaculatory pause (Poz & Nil respectively): subadult 

and immature males compared. Abbreviations listed above. 

e.g. 	1mm Sub 

Nil  

Po z  

Vocal 	0 
r e sp. 

Fl 
In!. 	5 2 

IM we, 

Fial. 

Del'. 

In!. 	1 2 
00 

Fu).. 	0 1 
00 

Del' 

P13 
Inf. 	8 2 

00 

Fu).. 	1 1 
00 

1 2 

80 10 
1 •0 0'O 

18 
0 4+ 

6 1 	18 1 
0 0 	1 2+ 

01 	2 9 
0 0 	215+ 

10 10 
0 	0 0 1+ 

81 10 
3 	0-. 1 0 

42 21 
2 	3+ 1 3+ 

0 	1 

3 4• 	2 0 
0 3+ 	0 0 

01 05 
1 2— 0 	2 

31 00 
00 10 

F7 
14 12 
00 00 

20 
00 

03 
00 

Fl? 
7 0 	15 0 
20 	10 

01 	20 
00 	10  

00 
10 

56 
2 20+ 

00 
23 

30 
00 

64 
1 1+ 

10 
20 

0 .0 
10 

02 
01 

D ef. 	 10 
00 



Imi 
1mm. 	1 0 

00 

Sub. 	1 0 
00 

Ad. 	2 1 
00 

6 	0 10 2 
0 	0 1 2+ 

22 
0 1+ 

11 	19 
0 0 	2 15-. 

Li 
12 	10 
00 	00 

10 21 
00 00 

40 20 
00 00 

36 
0 1+ 

24 
1 2= 

04 
01 

Table 7.flhIIa. 	The proportion of intromitted. mounts with and 

without the ejaculatory, pause (Poz & Nil respectively) compared 

between inflation and full swelling. Abbreviations as above. 

e.g. 	liii' Ful 

Nil__________ 

Po z__________ 

Vocal 	0 
resp. 	- 

Fl 
1mm. 	5 0 

Awe 

Sub. 

Ad. 	2 0 
00 

1 2 

80 11 
00 00 

30 
00 

'0 	1 

30 	20 
0 1+ 	0 0 

10 	00 
00 	01 

41 	05 
3 2+ 	0 2  

PAI 

05 
1 2- 

0 0 
02 

06 
0 20 

F13 
	

F17 
1mm. 	8 1 

00 

Sub. 	1 0 
00 

Ad. 	2 1 
00 

84 12 
3 	2+ 1 1-. 

0'O 01 
01 02 

12 01 
0 	3+ 0 3 

7 0 15 2 0 0 
2 0 1 1+ 1 0 

3 1 5 5 1 0 
0 0 1 0- 0 1+ 

01 02 
00 01 
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Table 7.flhITh. 	The proportion of intromitted mounts with and 

without the ejaculatory pause (Poz & Nil respectively) compared 

between full swelling and deflation. Abbreviations as above. 

e.g. 	Pal Del 

Nil  

P0 z  

Vocal 0 1 2 0 1 2 
resp. — — — — — — 

1mm. 0 3 0 0 5 0 0 1 2 1 
1 0— 0 1 2 2+ 0 0 2 0— 

Sub. 0 2 0 1 0 0 2 0 
00 10— 20 10 

Ad. 11 50 60 10 10 90 
2 0— 2 0 20 3+ 0 0 0 0 15 1+ 

F7 F17 
1mm. 2 0 6 1 2 1 

0 0 1 2+ 1 0— 

Sub. 1 0 4 0 1 0 5 0 0 0 
00 20 00 00 10 

Ad. 0 3 4 0 1 0 2 0 
00 10 00 10 
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Table 7XXIVa. 	The proportion of intromitted mounts with incomplete 

(0 or i) and complete (2) vocal response according to whether the 

mounter was adult or subadult male. 

	

e.g. 	 0-t1 	2 

Sub:  

Ad:  

Cycle .  Inf Ful 	Del mI Fui Del 
State 

Fl 
Nil: 3 0 0 0 1 0 0 0 3 	0 

20 08 40 66 10 

Paz: 0 0 0 0 1 2 0 	0 
0 4 3 0 420+ 0 	3 

Li 
Nil: 1 2 0 2 3 2 1 4 0 	0 

3 1— 2 9— 6 0— 0 4+ 3 	0 

Poz: 0 0 0 1 	0 	0 0 1 0 2 
0 2 015 0 	1 0 0 0 1 

ii 
Nil: 1 0 0 1 6 1 6 0 

3 0 3 1— 0 0 1 2+ 

Paz: 1 2 10 0 1 
3 3— 0 0 0 1 
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Table 7.XXITb. 	The proportional intromitted mounts with incomplete 

(o or i) or complete (2) vocal response according to whether the 
mounter was an adult or an immature male. 

e.g. 	0+1 	2 

1mm 

Ad  

Cycle mI Ftil Del In! Ful Del 
state. 

Fl 
Nil: 13 1 0 1 5 0 0 5 3 0 

2 0— 0 8 4 0 6 6— 1 0 

Poz: 1 0 0 0 0 1 1 2 1 2 
0 0 0 4 3 0— 420+ 0 3-i- 

L7 
Nil: 710 0 2 1 1 2 3 2 6 0 1 

3 1— 1 9- 0 0 6 0— 0 4-i- 3 0— 

Paz: 0 1 0 2 0 0 0 1 0 2 
0 2 015 0 1 0 1 0 0 

F13 
Nil: 16 1 5 2 22 0 2 0 1 0 

3 0— 3 1-i- 0 0 1 2+ 0 0 

Paz: 3 1 2 1 3 1 1 0 
o 0 3 3+ 0 0 0 1+ 
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Table 7.XXVa. 	The proportion of intromitted mounts with incomplete 

(a or i) or complete (2) vocal response: inflation compared with full 

swelling. 
e.g. 	0-i-1 	2 

Inf.  

Fiji.  

Male 	
: 1mm Sub Ad. 1mm Sub Ad. 

class 
Fl 

Nil: 13 1 3 0 2 iD 5 0 1 0 4 0 
o 1+ 0 0 0 8+ 0 5+ 0 0 6 6+ 

Foz: 1 0 0 0 0 1 0 0 3 0 
o a 0 4 1 2— 1 2 420-i- 

P7 
Nil: 710 1 2 3 1 - 2 3 3 2 6 0 

02-4-02+ 29+ 26+ 14+ 04+ 

Poz: 01 00 02 00 01 00 
0 2 0 1 015 0 1 0 2 0 1 

P13 P17 
Nil: 161 10 30 220 81 00 

5 2+ 0 1+ 3 1+ 2 0 6 0— 1 2 

Poz: 3 1 0 0 0 0 3 1 1 0 0 0 
2 1+ 1 2 3 3 1 0— 0 1+ 0 1 
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Table 7flVb. 	The proportion of intromitted mounts with incomplete 

(0 or i) or complete (2) vocal .response: full swelling compared with 

deflation. 
e.g. 	0+1 	2 

Full  

Def.  

Males 
class 

1mm Sub Ad. 1mm Sub Ad. 

Nil: 05 00 66 02 02 29 

3 0— 3 0 	1 0— 1 1— 0 0 0 0 

Poz: 1 2 1 2 	420 0 2 0 1 015 
1 2= 0 0 	0 3+ 0 0 0 0 0 1 

Li P17 
Nil: 26 14 04 20 60 12 

0 1+ 0 0 	3 0— 1 0 0 0 0 0 

Poz: 01 02 01 10 01 01 
02 00 00 00 01 00 
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Table 7.XXXVI. 	The proportion of intromitted mounts with and without 

ejaculatory pause (Fez & Nil respectively); in mounts with partial 

(0 + i) or full (2) vocal response. 

e.g. 	0+1 	2 

Nil  

Fo z  

Cycle.  mi' Ful Def In! Ful Del' 
state 

Fl 
1mm: 13 1 0 1 5 0 0 5 3 0 

1 0— 0 0 0 1+ 1 2— 1 2+ 

Sub: 3 0 1 0 0 0 3 0 
00 00 12 00 

Ad: 2 0 0 8 4 0 6 6 1 0 
0 0 04 3 0 420+ 0 3+ 

Li 
1mm: 710 02 11 23 26 01 

0 1.1-. 0 2 0 	0 0 0 0 1+. 0 2 

Sub: 1 2 0 2 3 2 1 4 
00 01 01+ 02+ 

Ad: 3t 29 00 60 04 30 
0 2+ 015+ 0 	1 0 0 0 1 0 0 

F13  F17 
1mm: 16 1 5 2 24 0 2 0 1 0 

3 1+ 2 1+ 3 1+ 1 0 0 0 

Sub: 1 0 0 1 8 1 6 0 
0 0 1 2— 1 0— 0 1+ 

Ad: 3 0 3 1 1 2 
0 0 3 3+ 0 1+ 
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Appendix III 

Some behavioural differences between baboons at Ruaha and Gombe 

The present study was preceded by observations of olive baboons at 

Gombe between 1972 and 1975. Some obvious differences between them 

are here listed. 

1.. Supplanting Oliver and Lee (1978) showed that Ruaha juveniles 

supplanted adult females, and were supplanted by adult males much 

more than at Gombe. This suggests that feeding competition at 

Ruaha was more intense. 

Mounting Compared with baboons at Gombe, the Ruaha animals showed 

more frequent mounts between females (discussed in 5.7.3b),  and in 

copulation a higher proportion of series-mounts (7.10.14. 

Harassment At Ruaha, only 2.71$ of 261 intromitted mounts were 

harassed at all. In contrast, at Gombe 10P/o of 79 such mounts were 

interrupted by harassment, and many more were harassed (impubl. data). 

14. Vocalisations Although no tape recordings were made, some 

vocalisations obviously differed. 

14a. The two-phase bark (Hall & DeVore, 1965), or wahoo. 

This was given at Gombe by Ci) lost baboons, as a contact call; 

adult males, often preceded by the humm/roargruflt sequence 

(Ransom, 1971); at intervals when in or apart from the troop; at 

night in choruses, possibly as an intertroop spacing call; 

by adult males during or after intertroop interactions with 

chasing back of females. These contexts are as reported for 

Kenyan olive baboons by Hall & DeVore (ibid.). Although at Ruaha 

it was given as in (i) above, it was very rarely given by males as 

in (ii). Most interestingly, while it was given during intertroop 

interactions as in (iii), it was not then given as isolated calls 

but rather interspersed within a sequence of the two-phase pantgrunt 

(= roaring, Hall & DeVore, 1965) while chasing-back females. In 

this respect it is more like the context of wahoo reported for 

chacmas, where males give it during attacks on other males or on 

females (Hall, 1963, p.9). 	Hamiltonj. (1975) also report it 
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in chacmas during intertroop interactions, and at night as in (ii). 

The roar (Hall & Devore, 1965) or pantgrunt. 

Gombe males used this in aggression to one another, as do Kenyan 

olive baboons (Hall & DeVore ibid.). During male-male aggression 

the Ruaha males used the pantgrunt much less, but more often screamed 

(e.g. with tail up, apparently to solicit aid). In this respect 

they resemble chacmas, which do not pantgrunt according to Hall and 

DeVore (ibid.). 

The copulation call. At Ruaha the copulation call was similar to 

that heard. at Gombe but of longer duration. It was given in 62 0/6 of 

intromitted mounts, which compares with 10-3 for olive baboons, 

90-100% for chacmas (7.10.4). 
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