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ABSTRACT

This study investigates the ecological and social constraints that act upon female 
reproductive strategies in a population of olive baboons {Papio cynocephalus anubis). 
Data were collected on three groups during a thirteen month field study (August 1993- 
August 1994) in Laikipia, Kenya. A model of maternal time allocation developed by 
Altmann (1980) was not found to fit the pattern of feeding time observed in this 
population and the deviations from its predictions were discussed.

The slow growth rate and long period of infant dependence in primates mean that flexible 
strategies of maternal care have developed, and several mechanisms by which mothers 
may decrease their energetic requirements are suggested. The increased use of resting 
time was proposed to be a conpensatory strategy used to lower energetic demands. The 
high level of infant mortality during the study period was discussed in relation to maternal 
investment decisions. Females were shown to draw on their body reserves during 
lactation, and infant mortality in this population appears to be most strongly related to 
recent reproductive history of females.

The transition to independence by infants was related to maternal investment patterns. 
Differences in resource abundance were directly linked to differences in the trajectory of 
independent energy acquisition and locomotion, and this resulted in lactation being 
extended and pregnancy delayed. This was discussed in relation to an adaptive feedback 
mechanism, whereby female fecundity is regulated according to levels of food abundance.

Mothers were approached more, had a larger number of neighbours and received more 
grooming than other females. Females were shown to decrease the diversity of social 
partners when social time became limited and individuals were shown to decrease the 
evenness of their interactions as troop size increased. Infant handling and female-female 
aggression seen during this study were not found to be consistent with hypotheses 
concerning reproductive competition. Environmental factors were concluded to be the 
primary determinant of female investment strategies in this population.
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1. INTRODUCTION

The ultimate function of an animal's behaviour is to increase its biological fitness (see e.g. 

Dawkins 1976; 1982). Therefore the constraints acting upon reproductive strategies will 

have repercussions for many aspects of behaviour (see review in Thompson 1992). In 

mammals, reproduction is energetically costly (Coelho 1986; Loudon and Racey 1987), 

and females are physiologically committed to high levels of parental care through 

gestation and lactation (e.g. Gittleman and Oftedal 1987). The partitioning of this care 

throughout a female's life will reflect the trade-off between the relative costs and benefits 

of investment in the current offspring and investment in future offspring (Williams 1966; 

Fitzpatrick and Woolfenden 1988). Due to the sex-difference in the reproductive effort 

required per offspring, female mammals' reproductive success is primarily constrained by 

access to resources (Trivers 1972; Gaulin and Sailer 1985; Robinson 1988). Both time 

and energy can be seen as limiting resources (e.g. S.Altmann 1974; Clark and Ricklefs 

1988; Gittleman and Thompson 1988). Time is limited on a number of horizons, from 

the number of hours in the day to the lifespan of an individual (see e.g. Mangel and Clark 

1988; Clark 1991). Time budgets will be constrained by the daily activities of an animal, 

the degree to which these activities conflict (e.g. Sullivan 1988) and their metabolic costs 

(e.g. Karasov 1992; thermoregulation: Hiley 1976; locomotion: Taylor et al. 1982), whilst 

the maximum reproductive output of an animal will be constrained by their lifespan. 

Energy budgets will limit the rate at which offspring can be produced and the level of 

investment that can be provided per unit time (e.g. McNab 1980; R.Martin 1984; Kenagy 

e ta l  1990).

The high energetic demands of mammalian reproduction have been proposed to have 

significant effects on pattems of behaviour (see Blackburn gf aZ. 1989; Thompson 1992). 

For example, care-giving by individuals other than the mother (Tardiff 1992; Ross and 

MacLamon 1995) and reproductive suppression of other group members (e.g. Lusk and 

Millar 1989; Garber 1992) have both been related to the need for females to decrease the 

energetic pressures of lactation. Lactation is a relatively inefficient system of energy
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transfer (Brody 1945; Blackburn and Calloway 1976) and has been shown to lead to a rise 

in metabolic energy requirements by a factor of 1.2-1.5 (Portman 1970; Pond 1977). This 

creates pressure on lactating females in terms of both time and energy (e.g. cheetahs, 

Acinonyx jubatus: Caro 1987; Laurenson 1995; grasshopper mice, Onychymys 

leucogaster: Sikes 1995; bats, Pipistrellus pipistrellus: Racey and Swift 1985; horses, 

Equus caballus: Duncan etal. 1984: domestic cats, Felis cattus; Deag et at. 1987; rhesus 

macaques, Macaca mulatta : Johnson et at. 1991; baboons, Papio cynocephalus anubis: 

Barton 1989; P. c. cynocephalus: Post et al. 1980). Competition between individuals for 

access to resources, limitations on the amount of resources available, and differential 

constraints on individual time and energy budgets can all lead to differences in 

reproductive output (e.g. Mori 1979; Sugiyama and Ohsawa 1982; Gouzoules et al. 1982; 

Scucchi 1984; Fairbanks and McGuire 1984; Wolf 1984). Thus, the examination of the 

constraints on time and energy allocation during lactation, and the differences in the way 

these act on individuals, will allow us to understand some of the factors that underlie 

differential reproductive success (Clutton-Brock 1988). Lactation is one of the most 

energetically costly periods of a female mammal's reproductive cycle (Hanwell and Peaker 

1977; Fedak and Anderson 1982; Hayssen 1984; Oftedal 1984; Konig et al. 1988; 

Clutton-Brock et al. 1989). However, it should be noted that this only one stage of the 

cycle and decisions about time and energy allocation made during this stage will have 

repercussions for possible options in other phases (e.g. mating, gestation: Wade and 

Schneider 1992). The level of investment in the current offspring can significantly affect 

the length of the 'recovery period' needed before another birth can occur (Elwood and 

Broom 1978; Gittleman and Thompson 1988). Each reproductive event therefore has 

both short- and long-term implications for individual's behavioural decisions and lifetime 

reproductive success.

Primates are characterised by a long period of dependency, with small litter sizes, 

precocial young, slow postnatal growth, late sexual maturity and a long lifespan (see 

Hearn 1984; Harvey and Clutton-Brock 1985; Chamov 1991; Ross 1992). This period 

of dependency means that the period of lactation is long and investment in each individual
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is high ('quality rather than quantity': Martin 1995, p. 19). Maternal investment not only 

includes the production of milk, but also the need to carry the offspring and protect it 

from predators, the elements and conspecifics (Fairbanks and McGuire 1987; Chapman 

1990; Altmann and Samuels 1992; Maestripieri 1994; Pryce 1995). Maternal care in 

primates has also been shown to extend past the period of lactation (e.g. grooming, 

support in interactions: Pusey 1983; Fairbanks and McGuire 1985), and in some species 

even to the extent of adoption of grandchildren (e.g. howler monkeys, Alouatta seniculus: 

Agoramoorthy and Rudran 1992).

In this study, the constraints acting on maternal investment strategies are investigated in 

a population of free-ranging olive baboons {Papio cynocephalus anubis). Data collected 

on lactating females are used to investigate the way in which social and ecological factors 

affect the pattern of time allocation in relation to energetic demands. Differences between 

individuals are then related to the differential operation of constraints relative to 

individuals' ecological and social context. Savannah baboons {P. c. anubis, P. c. 

cynocephalus, P. c. ursinus, P. c. papio) are highly flexible, generalist omnivores, 

occupying a diverse range of ecological zones in Sub-Saharan Africa (see review in 

Melnick and Pearl 1987). The large number of studies, both in the field (e.g. Altmann and 

Altmann 1970; Hamilton et al. 1976; Packer 1979; Collins 1984; Rhine 1986; Strum 

1982; Sapolsky 1986; Henzi and Lycett 1995) and in captivity (e.g. Rowell etal. 1968; 

Bramblett 1978; Coehlo et al. 1982; Colmenares 1991), have emphasised the fact that 

rather than being species-specific, behaviour pattems are highly flexible in response to 

local environmental conditions and social context (see e.g. S.Altmann 1974; Dunbar 

1988). This chapter presents a overview of the hypotheses of parental investment and 

relates them to work on female primate reproduction (1.1). Then the aims of this thesis 

are detailed and a brief introduction to the study population given (1.2). Finally, an 

outline of the structure of the thesis is presented (1.3).
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1.2 PARENTAL INVESTMENT

1.2.1 Time budgets

Models relating time budget conponents to environmental variables have been developed 

to examine the geographical distribution and grouping pattems of both living and extinct 

primates (Dunbar 1992a,b,c, 1993a; Williamson in prep.). These models have been used 

to look at group processes such as fission and speed of travel, and to demonstrate how 

habitat-specific environmental conditions will create an upper limit to group size due to 

time budget stress. However, these tell us little about variation at the individual level, or 

about strategies that may help to alleviate time/energy stress and the options available to 

animals that maximise reproductive success or reproductive output. Maternal investment 

encompasses a wide range of behaviours, many of which are hard to define as direct care 

(e.g. vigilance for predators) or to measure in terms of direct costs to the mother or 

benefits to the offspring. This means that reproductive investment is often modelled in 

terms of the 'parental expenditure' of energy and/or time, which may not accurately reflect 

fitness costs (Clutton-Brock and Godfray 1991). However, deterministic models of 

time/energy constraints on parental time allocation can be used to examine the way in 

which parental care may lead to conflicting demands (e.g. birds: Clarke and Rickfels 1988) 

and hence identify the limits to investment.

Whilst such models necessarily simplify the underlying processes (see Lendrem 1986), 

they also make explicit assumptions as to the primary influences on those processes. By 

testing time/energy investment models against field or experimental data it is possible to 

identify behavioural strategies used by animals to offset these 'costs' and identify false 

assumptions that may have previously been implicit. Therefore, modelling of reproductive 

constraints in terms of time allocation can illustrate the importance of integrating observed 

pattems of behaviour under theoretically sound frameworks.

In this thesis, a deterministic model of feeding time allocation over infant age developed
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by Altmann (1980) is tested against the data collected during the study. Feeding time is 

determined by an equation relating the female's own energy demands and the increasing 

energy demands of the infant with age. This model is detailed further in Chapter 3. The 

relationship between observed and predicted pattems of time allocation can then be used 

to identify both the limitations to, and the erroneous assumptions of the model, and the 

'compensatory strategies' employed by females during the lactational period.

1.2.2 Length of parental investment

There are several models of parental investment strategies under variable environmental 

conditions, whose predictions tend to be contingent on the assumptions made about the 

relationship between environmental variation and offspring size or 'fitness' (e.g. Bull 

1985; McGinley et al. 1987). The effect of environmental variability on parental care has 

been modelled by Carlisle (1982), in terms of the fitness increments to the current brood, 

and the expected fitness increment from subsequent broods and parental care. Carlisle 

(1982) used these models to investigate the effects of different types of environmental 

regimes on allocation decisions. These models predict that predictable variation in future 

environmental conditions will affect the optimal parental strategy, that parents should 

adjust allocation in relation to the success of the current brood and that parents should 

adjust care in relation to the source of mortality risk. This final prediction suggests that 

if the mortality risk to parents is dependent on the level of parental effort then parental 

care should be low, but that if mortality is not linked to parental care then investment 

should be high. However, differential returns on investment lead to different qualitative 

predictions of the model. Under a threshold model, parental care should decrease as 

environmental conditions improve because the threshold may be reached at a faster rate, 

however with a non-linear assumption of return, parental care is predicted to increase 

under improving conditions. Carlisle (1982) emphasises that the relevance of each of 

these models will have to be determined in relation to data from populations under 

different constraints. The hypothesis that there is a threshold weaning weight for primate 

species (Lee et al. 1991; Bowman and Lee 1995), may suggest that Carlisle's (1982)
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threshold model may be more relevant in this situation. However, as the mortality risk to 

mothers may be increased under poorer environmental conditions, care may then be 

expected to be given at a lower level due to this risk. Thus it may be that maternal body 

condition will modify the predictions of threshold model and this interaction will lead to 

decreased care once maternal survival probability, and/or the expected fitness from future 

offspring fall below a secondary threshold.

Dunbar (1988) has similarly modelled the effect of environmental conditions on 

investment decisions, in terms of costs to residual reproductive value (the expected 

number of offspring a female can successfully rear during the rest of her life) (see also 

Williams 1966; Goodman 1982; Lessells 1991). The model presented in Dunbar (1988) 

relates residual reproductive value to female and infant survivorship and gives certain 

predictions as to the way in which care will be allocated as environmental conditions 

deteriorate. The hypothetical curves for reproductive value presented in Dunbar (1988; 

Fig.9.5, p. 1.4) show a decrease in parental care when habitat conditions decline. Whilst 

these predictions receive support in some studies (e.g. hooded rats, Rattus norvégiens: 

Smith 1991; domestic cats: Bateson et al. 1990; vervets, Cercopithecus aethiops: Lee 

1984; squirrel monkeys, Saimiri oerstedi: Boinski and Fragazy 1989), they are 

contradicted by others (e.g. coots, Fulica atra: Amat 1995; hooded rats: Gomendio et al. 

1995; vervets: Hauser and Fairbanks 1988; baboons: Lycett and Henzi in prep.). Lycett 

and Henzi (in prep.) found that maternal investment (as witnessed by time on the nipple 

and increased interbirth intervals) was longer in their study population of P. c. ursinus, in 

the Drakensburg mountains as compared to other baboon populations (Marsh 1992 (this 

study site); Nicolson (1982) Gilgil; Altmann (1980) Amboseli ). They proposed that if 

increased maternal investment can significantly affect infant survivorship, then the 

relationship hypothesised in Dunbar (1988) may be reversed. If by increasing care 

mothers can increase the probability of their infants survival to maturity, and without long 

periods of investment infants are at high risk of mortality, then under such conditions 

maternal care may therefore increase (see also Gomendio et al. 1995). This may be 

compared to Carlisle's threshold model. Conversely, if extending care will not
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significantly increase the probability of survival but will significantly decrease the number 

of infants that may be produced in later life (as shown in Dunbar 1988) then this would 

not be expected. These relationships would appear to be highly dependent on the 

reproductive parameters of the population in question and the causes of infant mortality. 

If mortality levels independent of maternal investment time are high, then it is likely that 

increased investment under poor conditions will not be seen. If females reproduce at a 

relatively rapid rate (short gestation periods and relatively short periods of intense 

investment), then this again will favour decreased investment in poor environments.

Bateson (1994), in a review of parent-offspring conflict, has also argued that the 

relationship between investment and reproductive success is more dynamic than these 

models have assumed. He argues that the mother has to evaluate the impact of continued 

investment on her own condition and respond to the needs of the offspring. Whilst there 

may be a decline in the number of offspring that may be raised in the future by continuing 

investment, withdrawal of or a decline in the level of parental care may jeopardise the 

current infant's life and therefore reduce the mother's reproductive success (see also Lycett 

1995). Under variable and fluctuating environmental conditions, the relative costs and 

benefits may change rapidly and thus predictions concerning the level of parental care 

need to be carefully assessed in relation to the specific context of a population.

In this study, differences in the level of care given to infants (as indexed by time in 

contact/on the nipple) are evaluated in the light of these arguments. The effects of 

differential resource availability are examined and related to the predictions of formal 

investment models. By examining pattems of infant mortality in this population, it may 

also be possible to look at cases where care is withdrawn or given at insufficient levels in 

order to identify the conditions under which maternal body reserves and/or infant survival 

prospects fall below the threshold for continued investment (see also Bateson 1994).

22



1.2.3 Differential investment in relation to offspring sex, maternal rank and maternal age

i. Infant sex

Trivers and Willard (1973) proposed that maternal effort will be biased if an equal 

investment can produce differential reproductive success in male and female offspring. 

If the variance in male reproductive success is higher than that in female reproductive 

success, and if male reproductive success can be increased by increased parental 

investment, then parents are predicted to allocate higher levels of investment to male 

offspring. As the ability to invest in offspring is related to the amount of energy available 

to the mother, Trivers and Willard (1973) predicted that mothers in good condition, who 

are able to increase investment should therefore invest more heavily in males, and that 

investment should be biased towards female offspring as their body condition declines. 

In some polygynous mammals, where the variance in male reproductive success is more 

variable than that of females (e.g. Le Boeuf and Reiter 1988), there is evidence that the 

level of parental effort required is higher in male offspring and that biases toward male 

offspring occur as condition improves (e.g. red deer, Cervus elaphus: Clutton-Brock et 

al. 1982, 1984; grey seals, Halichoerus grypus: Kovacs and Lavigne 1986, Baker and 

Barrette 1995; elephants, Loxodonta africana: Lee and Moss 1986; coypu, Myocastor 

coypus: Gosling 1986; spotted hyaena, Crocuta crocuta: Frank 1986; caribou, Rangifer 

tarandus: Thomas et al. 1989; mule deer, Odocoileus hemionus: Kucera 1991; see Sieff 

1990 for a review of the evidence from human populations).

ii. Maternal rank

However, 'condition' may not be the only variable that affects the variance in offspring 

reproductive success (e.g. Gomendio et al. 1990; Redondo et al. 1992). The 'local 

resource competition' hypothesis proposes that in species when one sex remains resident 

in the mother's home range, females will invest more in the dispering sex in order to limit 

the level of competition that they face (see Clark 1978). This bias towards investment in
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the dispersing sex may shift when local conditions change. Holekamp and Smale (1995) 

report a change in bias towards female offspring (the resident sex) in a clan of spotted 

hyeanas after fission of a group near the size of the carrying capacity for the local habitat. 

They discuss this change in relation to the theory of 'local resource enhancement', where 

increased investment in the resident sex is favoured when there are benefits to the mother, 

in terms of alliances or increased vigilance for exan^le, in increased group/sex cohort size.

In primate species with female philopatry and male dispersal, such as baboons (see Pusey 

and Packer 1987; Alberts and Altmann 1995), female infants tend to inherit their mother's 

rank (see Chapais 1992; Lee and Johnson 1992). If differences in rank translate into 

differences in access to resources (e.g. vervets: Whitten 1983; baboons: Barton 1989; 

Japanese macaques, Macaca fuscata: Soumah and Yokata 1991), then high-ranking 

females may be able to increase the reproductive success of their daughters relative to the 

daughters of low-ranking females, and are thus predicted to increase investment in female 

infants. Low-ranking females may invest more in sons (the dispersing sex), rather than 

'burden' their daughters with low rank (Silk et al 1981; Silk 1983; see Chapter 4; review 

in Silk 1987b). The dynamic nature of primate social groups means that within an 

individual's lifetime the costs and benefits of differential investment can vary. For 

example, whilst female dominance rank may remain stable for considerable periods of 

time, some individuals have been seen to undergo rapid rises and falls in rank (e.g. 

Samuels et al 1987; Small 1990; Ron 1994). Female infants may not necessarily inherit 

their mother's rank if they are orphaned in early life (e.g. Johnson 1987; Mori et a l 1989; 

but cf. Hausfater et al 1982). Therefore, old high-ranking females with a high risk of 

mortality may shift investment towards male infants if the advantages accrued to their 

daughters are diminished. In addition, although it has been generally assumed that 

maternal rank does not affect the reproductive success of their sons (e.g. Manson 1993; 

see review in Altmann and Altmann 1991), there some evidence to the contrary (before 

dispersal in rhesus macaques: Smith and Smith 1988; after dispersal: Meikle et a l 1984; 

Paul et al 1992). It is interesting to note that in one population where an influence of 

maternal rank have been shown, high-ranking females were found to have a birth sex-ratio
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biased towards males (see Paul and Thommen 1984).

Hi. Maternal Age

Female age is also expected to affect the amount of investment in each offspring. 

Physiological constraints on young females may mean that investment is limited by the 

need to allocate energy to their own growth. Age at first birth has been shown to 

decrease under improved environmental conditions (e.g. Cheney et al. 1988;) and 

differential access to resources has been shown to affect the age of reproductive 

maturation (e.g. Bercovitch and Strum 1993). Thus, when access to resources is related 

to social status it may be expected that high-ranking females will begin reproducing at an 

earlier age than low ranking-females. Multiparous mothers have also been seen to have 

higher levels of investment than primiparous mothers (e.g. prairie voles, Microtus 

ochrogaster. Wang and Novak 1994; langurs, Prebytis entellus: Dolhinow et al. 1979). 

This has been related to differences in maternal experience (rhesus macaques: Hooley and 

Simpson 1981; Berman 1984). However, Trivers (1974) predicts that older females will 

increase the amount of investment in offspring as the probability of producing future 

offspring decreases (see also Steams 1992; Chamov 1993). This pattern has been 

observed in Barbary macaques, Macaca sylvanus (Paul et al. 1993). Conversely, it may 

be argued that females will invest less time in each offspring as they age, in order to start 

breeding again sooner (e.g. Hiraiwa 1981) or to ensure the successful transition to 

independence (Altmann 1980). Several non-human primate studies have found a pattern 

of peak fecundity in middle-age, with younger and then older females having slower rates 

of reproduction (e.g. Barbary macaques: Fa 1986; Japanese macaques: Wolfe and Sabra 

Noye 1981; baboons: Stmm and Western 1982).

The change in relative investment with age has been the subject of several recent reviews, 

specifically relating non-human primate reproductive profiles to the human menopause 

(see Pavleka and Fedigan 1991; Caro et al. 1995). The existence of a post-reproductive 

period has been suggested to be favoured if continued parental survival will enhance the
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fitness of previous offspring (Williams 1957). Given that kin-based alliances (e.g. Chapais 

1992) and allomothering (e.g. Fairbanks 1988a, 1990; Sommer etal. 1992) do occur in 

primates, the presence of the mother in the group may contribute to their offsprings' 

reproductive success. Whether non-human primates show a true menopause' is still 

unclear and the data from captive and field studies are insufficient to demonstrate its 

existence in many primate species. However, there is increasing evidence that in certain 

populations there is a period before death in which females do not reproduce, and in some 

cases where they cease to cycle (Paul et al. 1993; Takahata et al. 1995). When no 

cessation of cycling is seen then it cannot be argued that females are 'post-reproductive'. 

The large number of factors that can influence ovulation and conception mean that older 

females may just be experiencing high rates of reproductive failure and that given real 

changes in external conditions, reproduction may resume. Captive baboons have been 

shown to exhibit high levels of early spontaneous abortion, with 60% of conceptions 

terminating before 48 days (Keuhl et al. 1992) and it is likely that these are related to both 

nutritional and social factors. Older females are more likely to be in poor condition than 

younger females, and hence may be less able to carry a foetus to term (see also Takahata 

et al. 1995). Fertile cycles may also be interrupted by energetic or social stress 

(Bercovitch and Strum 1993); two factors which could also interfere with older females 

reproductive potential.

Reproductive costs do appear to increase with age. Graham et al. (1979) found a higher 

incidence of stillbirth in female pigtailed macaques over 15 years old. Similarly, Lapin et 

al. (1979) report a higher level of complications of pregnancy and mortality following 

birth in old captive females in a range of primates {P. c. hamadryas, P. c. anubis, M. 

mulatta, M. nemestrina, C. aethiops), and old female hamadryas baboons (25-30 years) 

were found to have a mean weight 77% that of young females (10 years; p. 17, Table 2.2). 

Evidence from captive baboon populations suggests that a proportion of females 

experience a facultative cessation of reproduction, in that no live births are reported in 

the final period of their life (see Lapin et al. 1979; Caro et al. 1995). There are also 

reports of 'post-reproductive/menopausal' females in two wild populations (Hamilton et
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al. 1982; Sigg etal 1982), although the length for which these females were not seen to 

reproduce does not exceed the range of interbirth intervals observed in baboons. It has 

been suggested that 'post-reproductive' females are not seen in wild populations due to 

the higher levels of mortality in later life (Paul et al. 1993).

The interactions between rank, infant sex and maternal age, both with each other and with 

the prevailing ecological and demographic conditions are complex and poorly understood 

(Altmann et a l 1988). The data from the primate literature have produced conflicting 

results (see also Chapter 4) and have emphasised the need for context-specific 

examination of investment strategies. In this study, differences in the rate of development 

in infants are related to measures of investment, environmental conditions, female age, 

female social status and infant sex, in order to determine how investment patterns in this 

population are related to the ecological and social context of the mother.

1.2.4 Parent-ojfspring conflict

The arguments relating to variation in the length of parental care highlight the underlying 

assumption that the parent and offspring are in conflict over the amount of resources that 

should be allocated to the infant. Trivers' (1974) concept of 'parent-offspring conflict' 

shows that the costibenefit ratio of increased or continued parental investment is different 

for the mother and the offspring (see also Trivers 1985; Lazarus and Inglis 1986; Godfray 

1991 ; Bateson 1994). Data from several species have tended to support the hypothesis 

of parent-offspring conflict, with lactating females actively denying their infants access to 

the nipple in the final stages of lactation (e.g. horses: Duncan et al. 1984; elephants: Lee 

and Moss 1986; American antelope, Antilocapra americana: Byers and Moodie 1990 ). 

The classic 'weaning tantrums' seen in many primates have been interpreted in the light of 

this (e.g. vervets: Hauser 1986; langurs: Rajpurohit and Mohnot 1991).

However, more recently it has been suggested that these instances of behavioural 'conflict' 

may not accurately reflect a conflict over the amount of milk and may be more related to
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the timing of investment (Altmann 1980; Pereira and Altmann 1985; Worlein et a l 1988; 

Gomendio 1990; Barrett et a l 1995). Barrett et a l (1995) have shown that the peak in 

maternal rejections from the nipple in gelada {Theropithecus gelada) occured in a period 

when time spent suckling remained relatively constant. They proposed that the rejection 

behaviour observed was related to the reshceduling of suckling time to periods when the 

infant was not interfering with maternal maintenance activities and not to a reduction in 

the level of investment. Bateson (1994) and Mock and Forbes (1992) have suggested that 

it is more appropriate to refer to these behaviours as 'squabbling' rather than conflict. 

Again, the dynamic nature of the parent- offspring relationship means that both members 

of the dyad will need to adjust their behaviours in relation to the current state of body 

condition and development. Godfray (1991) has argued that care-eliciting behaviour, if 

costly to produce, will be an honest signal of the offspring's need. Hauser (1993) in an 

examination of the calls of infant vervet monkeys, found that the effectiveness of care- 

elicitation was habitat dependent. Infants in higher quality habitats were more likely to 

survive and had a higher percentage of calls responded to by the mother. However, the 

relationship between care-elicitation, maternal condition, infant condition and survival led 

to conflicting interpretations of the data. It is important to note that continued 

dependence on the mother is not necessarily to the advantage of the infant. Altmann 

(1991) has shown that differences between the diet of female baboons aged 30-70 weeks 

could be used to predict their reproductive lifespan, number of infant and juvenile 

offspring produced and their probability of survival. Jensen (1995) has suggested that the 

increasing energetic costs of obtaining milk, which will satisfy a decreasing proportion of 

actual energetic requirements, will lead infants to shift from suckling to independent 

feeding without the need for active rejection from the mother. Thus, both mothers and 

infants may have significant incentives to encourage independent feeding.

Extended maternal care through lactation has a tangible effect on future reproduction 

(Hearn 1984; Stewart 1988; Gomendio 1989, 1991). The long period of maternal 

investment in primates and the highly visible squabbles' mean that levels of behavioural 

conflict can be related to levels of investment (through lactation) and these can be

28



interpreted in the light of the above hypotheses. In this study, 'conflict' is assessed in 

relation to these arguments. If there is a difference in the extent of parental care that 

mothers provide as ecological conditions change (see above), and if there is no real 

'conflict' over the amount of investment but only over the timing of that investment, then 

these differences may not be reflected in the level of behavioural 'squabbling'.

1.3 STUDY ANIMALS AND PROJECT AIMS

This thesis aims to:

a. test a deterministic model of female time allocation during lactation.

b. examine female strategies to reduce the energetic costs of lactation.

c. identify the ecological and social constraints that influence maternal investment.

d. relate these constraints to individual differences in investment, and examine patterns of 

infant development in relation to these.

Altmann's (1980) model was developed from her study of yellow baboons, and it is 

appropriate to test this model on a similar primate species. Savannah baboons have been 

extensively studied and this is in part a consequence of the ease of observation. The 

existence of long-term projects mean that there are highly habituated animals whose 

genealogies and reproductive history are known. Hence they are an appropriate species 

on which a study of primate maternal investment strategies can be made. The present 

study was conducted on Chololo Ranch in Laikipia, Kenya, where there are three 

habituated olive baboon {Papio cynocephalus anubis) troops (see Chapter 2 for details 

of study site). Recent work on the baboons at Chololo has examined foraging strategies, 

diet selection and feeding competition (Barton 1989; 1990; 1993; Barton et al. 1992; 

Barton and Whiten 1993), the ecological constraints on juvenile development (Marsh

1992), the relationship of social complexity to group size (Sambrook 1995; Sambrook et 

at. in press), male reproductive strategies (Forster and Strum 1994), post-conflict
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behaviour and relationship quality (Castles in prep.), parental investment strategies 

(Whiten and Barton in prep.), the ontogeny of social skills (Forster in prep.) and the role 

of ecological and social con^lexity on the evolution of cognition (Strum and Latour 1987, 

Strum in prep.). The studies that have addressed the ecological context of the study 

population have enphasised the inportance of seasonal bottlenecks at Chololo in shaping 

the behavioural ecology of the baboons (Barton 1989; Marsh 1992). Marsh (1992) has 

shown that the rate of infant behavioural development is related to the level of food 

availability and both studies have indicated that pregnant and lactating females may be 

particularly vulnerable to the seasonal stresses experienced at Chololo. These projects and 

the site itself therefore provide a solid base from which to conduct this study.

1.4 OUTLINE OF THESIS

Chapter 2 presents a description of the study site and study animals and the methods of 

data collection and analysis are outlined. The results from the ecological monitoring are 

also discussed. Chapter 3 then tests Altmann's (1980) model of maternal time allocation 

and examines deviations from its predictions in relation to the assumptions of the model. 

Strategies for the alleviation of time and energy budget stress are examined and the need 

for flexible investment strategies discussed. Chapter 4 examines infant mortality during 

the study period in relation to the findings of Chapter 3. These data are considered in 

relation to female reproductive strategies and differences between individuals in lifetime 

reproductive success. Chapter 5 then looks at the development of nutritional and spatial 

independence in infants and relates differences in the timing of this process to the 

differential constraints acting on mothers. Parent-offspring conflict and the process of 

weaning are addressed and the data collected used to test the timing/investment 

hypotheses. It is argued that these two hypotheses are not mutually exclusive. The need 

for flexible reproductive investment strategies discussed in Chapters 3 and 4 is then 

related to a similar flexibility in behavioural development. Female social relationships 

during lactation are discussed in Chapter 6 in relation to the potential constraints on the 

maternal time budget, and the difference in the attraction of other group members to
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infants as they mature. In Chapter 7, female grooming relationships are examined and the 

potential for reproductive competiton investigated. Finally, Chapter 8 presents a 

concluding discussion of the results presented in this thesis.
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2. STUDY SITE AND METHODS 

2.1 INTRODUCTION

This chapter presents a description of the study site (Section 2.2-23) and the study 

population (Section 2.4). The methods for sampling behaviour (Section 2.5-2.6) and 

ecological monitoring are discussed, and the results of the ecological monitoring presented 

(Section 2.7). The general rules for data analysis are then outlined (Section 2.8).

2.2 LOCATION OF THE STUDY SITE

This study was conducted in the Laikipia district of Kenya, East Africa, on Chololo 

Ranch, Male Ranch and the adjoining Ndorobo Reserve (see Figs. 2.1-2.2). The site is 

approximately 40 km north ofNanyuki at an altitude of between 5300-5600 ft. The base 

for the study was Chololo Ranch (owned by the Jessel family), a well established field site 

where baboon socioecology has been studied for the past 11 years (see also Chapter 1). 

There are two projects based on Chololo, the Uaso Ngiro Baboon Project (UNBP), 

directed by Dr.S.Strum (University of California, San Diego) and the Soitataishe (STT) 

Baboon Project, directed by Dr.A.Whiten (University of St.Andrews).

The study area consists of savannah type vegetation (Pratt et al. 1966), with Acacia being 

the dominant tree species. The area is characterised by rocky outcrops (kopjes) and 

undulating hills with clay loam soils (for a more detailed description of the study site see 

Strum 1987; Barton 1989). There are several differences between the Ndorobo Reserve 

and Chololo/Male, and an east/west distinction between these two areas can be made, 

partly as a result of the differences between grazing management and dominant Acacia 

species (see also Marsh 1992). Chololo and Male (the western part of the study area) are 

privately owned ranches, and consequently do not have high levels of human habitation. 

Acacia etbaica is the dominant species tree species with Lycium europaeum, Grewia
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the location of the base for the study site).
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tembensis, Hibiscus species and Asparagus species as common shrubs. Pennisetum, 

Cynodon, Erogrostis, Cyperus and Kyllinga species are common in the herb layer. 

Euphorbia kibwezensis {E.nyikae in Barton 1989) and Ficus spp. are found at the kopje 

bases. The Ndorobo Reserve (the eastern part of the study area) is an area with 

communally held grazing rights for the local Samburu/Ndorobo population. Soil erosion 

is far greater on the Reserve than on Chololo, partly as a result of the combination of 

overgrazing and steeper slopes than those found to the west (see Marsh 1992). There is 

a higher level of human habitation on the Reserve, although the population fluctuates as 

herds are moved in and out of the area. The vegetation is similar to that of Chololo, 

although Acacia mellifera also dominates. Barton (1989) identifies the more arid-adapted 

vegetation of this area than that of Chololo, with Sansevieria intermedia being common 

(while virtually absent on Chololo). The exotics Agave sisalana and Opuntia vulgaris 

occur in localised patches in several areas on the Reserve. Sansevieria abyssinica and 

Acacia xanthopholoea can be found along gullies, and E.kibwezensis is again found in 

stands around kopjes. The herb layer tends to be more sparse than that on Chololo, but 

more heavily grassed areas are found at the location of old boma sites. In the daytime, the 

number of wild mammals appears to be higher on Chololo than on the Reserve (for a full 

species list of the mammals seen in the study area see Barton 1989). Several different 

predators of baboons have been seen in the study area (lion, leopard, cheetah and hyaena), 

and towards the end of the study one female was believed to have been taken by a 

leopard. Subjective impressions again suggest that predators were more likely to be 

encountered on Chololo than the Reserve. Domestic dogs were frequently observed to 

chase the baboons in both areas, and during the study period 2 young females were killed 

and several animals injured by dogs. The drought conditions in 1993 meant that for the 

first half of the study period there were fewer head of cattle on Chololo and a lower 

population of livestock and people on the Reserve than usual (M.Sati and S.Strum pers. 

comm.).

The baboons spent much of their time on the Reserve and there was a degree of conflict
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with the human population. During the period of very low rainfall, the troops were often 

found close to manyattas, and sometimes attempted to raid food (mostly dried maize). 

Occasionally, adult and subadult males were also known to predate infant and juvenile 

goats from local herds. There is an agreement between the two projects and the local 

population, that baboons are not physically injured or killed but simply chased off in such 

situations, and in general this was adhered to. However, one adult female in PHG (JO) 

was seen to miscarry after receiving injuries consistent with an attack with a machete, and 

one infant disappeared during a period when its mother was participating in 'raiding' 

activities (IT (PHG); see Section 2.4 for troop names and identities).

2.3 CLIMATE

Mean annual rainfall at the study site is 475.5mm (1985-1992). Usually in this region 

there are two wet seasons, the 'long rains' (roughly from March to July) and 'short rains' 

(November/December)(Ojay and Ogendo 1973). However, in 1992/1993 there was a 

general drought in much of East Africa and rainfall was considerably lower than average 

over the first 9 months of data collection. This was followed by an exceptionally good 

'long rains', and rainfall was above average during the last 4 months of the study. 

Combined with the failure of the 'short rains', this led to two highly contrasted dry and wet 

periods (see Fig. 2.3; data provided by UNBP). Maximum daily temperatures were 

greatest in the months preceding the wet period, with February having the highest mean 

of 34.1°C (see Fig. 2.4; data provided by UNBP).

There are several man-made dams within the study area, which means that standing water 

is available to the baboons throughout most of the year (see Barton et al. 1992). 

However, at the driest point of the dry season, water levels in the dry watercourses 

dropped and the baboons did not have daily access to water. A borehole was located in 

the home range of two of the troops and it was possible for them to drink there, although 

the presence of people at the borehole meant that access was restricted at certain points
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Figure 2.3: M onthly rainfall for the study period (A ugust 1993-A ugust 1994) 

and mean monthly rainfall for 1985-1992.
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Figure 2.4: M onthly mean m aximum and minimum temperatures 

for the study period (August 1993-A ugust 1994).
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in the day.

2.4 THE STUDY ANIMALS

The data for this thesis were collected from three troops of olive baboons: Pumphouse 

(PHG), Malaika (MLK) and Soitataishe (STT). PHG ranged solely on the Reserve whilst 

MLK and STT had home ranges which included areas in both the Reserve and Chololo 

(see Fig. 2.5). PHG and MLK were both translocated from Gilgil (Kenya) in September 

1984 by S.Strum as part of the relocation of the Gilgil Baboon Project (for details of the 

history of the project and the translocation see Strum 1987; Eley et al. 1989).

Table 2.1: Demographic composition of the study troops in August 1994 (maximum

AGE/SEX CLASS* PHG MLK STT

Adult females 7 (8 ) 8(9) 17(19)

Adult males 5 (5 ) 5 (6) 6 (9)

Subadult females 3(3) 5(6) 4 (5 )

Subadult males 3 (3 ) 2 (3) 12(13)

Juvenile females 4 (8 ) 5(10) 13(15)

Juvenile males 3(3) 2 (2 ) 12(16)

Infant females 3(5) 3(5) 2 (1)

Infant males 1(1) 2 (2 ) 3 (5 )

TOTAL^ 29 (29) 32 (38) 69 (78)

* Age/Sex classes according to UNBP protocol (see e.g. Nicolson, 1982; Smuts, 1985).
^The maximum total group size is not equal to the sum of the maximum numbers in each age/sex class 
since these maxima were reached at different times (and include promotions of individuals between 
classes).

Some of the adult females in MLK and PHG followed during this study were members of 

the original troops, whilst all of the adult males had immigrated from local troops. STT 

is indigenous to the area and was habituated in 1986 by R.Barton (see Barton 1989). The 

genealogies of all natal animals in MLK and PHG are known, but for most of the adults
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in STT kin relationships may only be inferred (see Sambrook 1995). Table 2.1 presents 

a demographic breakdown of each of the troops at the end of the study period.

The home ranges of the three troops overlapped; MLK and STT had an extensive overlap 

with each other and both were seen to range in the western part of PHG's home range 

(STT overlapping with PHG to a greater extent than did MLK). STT and MLK often 

shared sleeping sites and on one occasion STT and PHG shared a sleeping site. PHG was 

very conservative in its use of sleeping sites and only used one for all but five days of the 

study.

2.5 BEHAVIOURAL DATA COLLECTION

In general, troops were followed on foot from around 07:00 to 18:00. The existence of 

two project teams meant it was usually easy to locate each of the troops, and made it 

possible on some days to conduct half-days in the field (07:00-13:00 and 13:00-18:00).

2.5.1 Study Females

All females with an infant under 12 months at the beginning of data collection, or who 

gave birth during the study were counted as mothers and were selected as focal subjects. 

All references to 'mothers' in this thesis thus refer to this subset of the study population. 

Within each troop a number of control females (pregnant, cycling, anoestrus) were also 

sampled. In PHG and MLK, this meant that 'focal animal samples' (J.Altmann 1974) were 

collected on all adult females, and in MLK the oldest subadult female was also followed 

(MS, who subsequently became pregnant and gave birth during the study period). Given 

the large number of females in STT it was not possible to sample all adult females and 

therefore, mothers were matched to two control females. When possible, STT controls 

were matched to mothers for rank, parity and age. (Rank was taken from a preliminary 

analysis by T.Sambrook of his data collected in the year prior to this study, and
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subsequent comparison with the hierarchy generated by my own data shows no substantial 

differences; see Chapter 6), Focal animal sampling was started when all the individuals 

in the troop could be individually recognised. Behavioural data collection began in 

August 1993 for PHG, and in October 1993 for MLK and STT. The full set of focal 

females is shown in Table 2.2. Figure 2.6 presents a summary of the ages of infants over 

the period of data collection.

2.5.2 Focal Animal Samples

The day was divided into four time periods: 7:00-9:45, 9:45-12:30, 12:30-15:15 and 

15:15-18:00. An attempt was made to sample subjects equally in each period for each 

month. Focal animal samples were 30 minutes long, except when interrupted (e.g. when 

the focal animal entered very thick bush and was impossible to follow), and were 

terminated if the subject was continuously out of sight for 5 minutes. Focal samples of 

less than 15 minutes were discarded. A target of two focal samples per time period per 

month was set for mothers in PHG and MLK, and of one focal sample per time period per 

month for mothers in STT and all control females. In general, troops were sampled in 

rotation to avoid sampling a subject on consecutive days. Females were not sampled more 

than twice in one day and were never sampled in consecutive time periods. At the 

beginning of each month a random order of sampling was generated for each troop. If an 

animal could not be found within 15 minutes then the next individual on the list was 

sampled. A tally was kept of focals for each female and the selection of focal samples 

later in the month was based on the original list and the need to avoid undersampling of 

individuals within each time period. In STT, the matched controls for mothers were 

treated as equivalent for sampling purposes and the first animal of the pair that was found 

was taken as the focal subject. Table 2.3 shows details of the total focal times for each 

troop by month.
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Table 2.2: Focal Subjects.

MOTHERS CONTROLS
Troop I.D. Parity* Infant Infant Sex^ Date of Birth Date of Death^ Troop I.D. Parity Reproductive State^ M atched Control (STT only)

PHG DC P BM F 10/9/92 - PHG JO M P. LI,

DL M IB F 28/6/93 13/1/94 OR M P. LI, C

MY M MK F 28/5/93 - TW ?sterile C

YT M ZE F 30/10/93 - (before/after infant death) ail females

ZN M YC M 6/9/93 -

MLK AA M AV M 27/12/93 10/2/94 MLK RM M C

DE M IT F 1/7/93 6/2/94 (before/after infant death) ail females

MC M MU F 10/2/93 25/3/94 STT AM M P,L1,C CN

MS P VQ M 5/5/94 - DN M LI,C DK

MV M OS F 20/2/93 - GT M C CN

NV M NC F 16/9/93 - JN M C.P AL

TE M JT M 5/4/93 - KE M P,L I,C MA/ES/SC

ZL M HF F 20/2/93 - KY M C DK

STT AL M AS M 21/6/93 - LZ M C AL

CN M CW F 15/3/93 - MR M C NI

DK P DQ M 12/10/93 26/3/94 TR M C NI

ES P EC M 14/10/93 - STT

MA M MG M 29/10/93 - (before/after infant death)

NI M NN F 21/9/93 28/10/93 DK -

SC M SS F 13/2/94 17/3/94 SC MA/ES

WT M WA M 9/12/93 7/1/94 WT MA/ES/SC

to

1. P=primiparous, M=muItiparous, 2. F=female, M=male, 3. Death or disappearance, 4. Ocycling, LI=lost infant (amenorrhoea following infant death or miscarriage), P=pregnant. *=died/disappeared during study 
period. ___________________________________________  ____  _____
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Table 2.3: Summary of focal sample data for mothers and control females by troop 
(minutes per month).____________________________________________________

TOTAL(min)

TOTAL(hr)

PHG MLK STT

Month n' n M n C n M n C n

Aug. 93 388 3 599 5 - - - - - - - -

Sep. 93 955 4 570 4 - - - - - - - -

Oct. 93 960 4 480 4 1199 5 480 4 587 5 508 7

Nov. 93 1180 5 357 3 1192 5 480 4 630 5 585 8

Dec. 93 749 5 358 3 715 5 360 4 570 5 356 4

Jan. 94 1200 5 480 4 1416 6 360 3 700 6 611 7

Feb. 94 778 4 450 4 1020 5 420 4 510 6 450 7

Mar.94 832 4 477 4 1110 5 480 4 691 6 372 6

Apr. 94 930 4 480 4 990 4 600 5 480 4 659 8

May 94 785 4 300 3 895 5 420 4 598 4 570 7

Jun. 94 745 4 359 3 1106 5 480 4 480 4 480 6

Jul. 94 780 4 328 3 925 5 465 4 628 4 472 6

Aug. 94 373 4 285 3 565 5 356 4 479 4 475 5

Mothers Controls Mothers Controls Mothers Controls

TOTAL(min) 10655 5523 11133 4901 6353 5538

PHG M L K STT

16178

270

16034

267

11891

198
'M  = mothers, = number of focal animals. ’C = controls.

Focal samples consisted of a combination of continuous and point sampling (J. Altmann
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1974). All data were recorded onto checksheets. Only data analysed for this thesis are 

reported here. During each sample the following data were recorded continuously:

a. social interactions of the focal animal and her infant if in sight, with identity of partner 

(see Table 2.4).

b. approaches within and leaves beyond a distance of 2m between the mother and infant, 

identifying the individual responsible for the change in spatial relationship.

c. changes in contact between the mother and infant, identifying responsibility for the 

transition.

d. all grooming bouts of the focal animal with the identity of the grooming partner 

(duration recorded to the nearest second).

Table 2.4: Interactions recorded during continuous samples.
ACTIVITY DESCRIPTION

AFFILIATIVE SOCIAL - 'greetings': scaled levels of affiliative behaviour: lipsmacking/grunting, 
approach with lipsmacking/grunting/present, approach to contact 
(embrace/touch etc.), with response of target individual (no 
response/lipsmacking/contact (embrace etc.)

AGONISTIC SOCIAL - threat/be threatened, chase/flee, attack/be attacked.

ATTENTION TO INFANT - lipsmack/sniff/touch (hand to infant).

GENTLE HANDLING - gentle manipulation of infant (not including grooming).

ROUGH HANDLING - pulling of infant, rough manipulation of infant (slapping, biting etc.)

APPROACH -directed approach to within Im of target.

AVOID - move away from animal, distinguished from leave by occurring within 
5 s of onset of proximity (may be qualified by a resource (e.g. food, 
water) or an act (e.g. aggression, greeting).

LEAVE - move away from individual after being within Im for more than 5s.

REJECT FROM NIPPLE - pushing of infant off or away from nipple when attempt is made to 
suckle.

REFUSE TO CARRY - sequence of behaviours by the mother, denying infant contact while 
infant is attempting to be carried, or forcibly removing infant during 
carrying.

•TANTRUM’ - series of vocalisations/actions by the infant (gecking, cooing, gecking).

PLAY - social play.

SOCIOSEXUAL - present/inspect, mount, copulate.
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Instantaneous (point) samples were taken at one minute intervals recording;

a. the activity of the focal animal (see Table 2.5).

b. whether the focal animal was vigilant (head upright and eyes open: see e.g. Cowlishaw

1993).

c. the level of the focal (on the ground, 0-2m above ground level, more than 2m above 

ground level).

d. nearest neighbour (identity, activity, distance).

e. the number of animals within 10m of the focal animal.

If the focal animal was a mother, then the following data were also recorded: the activity 

of the infant (see Table 2.5), distance between the mother and infant (ventral, dorsal, 

jockey, in contact, within arm's reach, between arm's reach and 2m, 2-5m, 5-10m, 10- 

20m, beyond 20m), whether the infant had the nipple in its mouth and whether the infant 

was in contact with an individual other than the mother (and the identity of that 

individual).

At 15 minute intervals point samples were also taken recording;

a. the identity of all individuals between 0-2m.

b. the identity of all individuals between 2-5m.

c. distance to refuge (trees or rocks with a height greater than 4m).

2.5.3 Ad libitum records

When focal animal samples were not being conducted, ad libitum records were kept on 

affiliative and aggressive interactions within the troop. These were recorded using the 

same categories as those used in the focal samples. Any instances of individuals, other 

than the mother, carrying an infant were recorded. Notes were kept on changes in the 

colour of infant pelage and subjective impressions of infants' health were recorded. Rare 

events such as predations on or by baboons were also recorded ad libitum.
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Table 2.5: Activity categories for point samples
ACTIVITY subdivision Description

FEED stationary/moving -handling (preparing for ingestion - 
stripping bark/outer leaf/ pod etc. ) and 
eating from any food source. Identifying 
species and part.

FORAGE stationary/moving/digging - searching for food items, usually with 
resource-directed attention.

MOVE walk/nin/climb - locomoting.

REST sit/lie/stand - inactive.

DRINK - drinking from any source of water.

AUTOGROOM - grooming self.

ALLOGROOM - grooming other or being groomed, with 
identity of partner.

AFFILIATIVE
SOCIAL

- e.g. greet, inspect, present, divided into 
contact and no contact, with identity of 
interactants, attention to infant, gentle 
handling of infant (see Table 2.4).

AGONISTIC SOCIAL - threat/ be threatened, chase/flee, attack/ 
be attacked with identity of interactants, 
rough handling of infant (see Table 2.4).

PLAY - social play (see Table 2.4).

SOLO PLAY motion/object - acts performed by a lone infant with no 
obvious reason except the act itself 
(motion: running, climbing etc.. object: 
involving the manipulation (oral or 
tactile) of any object).

RIDE/CARRY - infant being carried by an individual 
other than the mother (ventral/dorsal/ 
jockey), with the identity of that 
individual.

SOCIOSEXUAL - present/inspect, mount, copulate, with 
identity of interactant (see Table 2.4).
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2.6 RANGING, TROOP DEMOGRAPHY AND BODY CONDITION

2.6.1 Day journey length and home range size

At 15 minute intervals the location of the group was recorded, using a map of the study 

area with numbered 0.25 km  ̂grid squares. Day journey length was estimated by summing 

the straight-line distances between the centres of successively visited grid squares. These 

data were recorded by either myself or a member of the UNBP research team, meaning 

that day journey length is also available for days when the observer was following another 

troop. Towards the end of the study, the STT project also recorded day journey lengths 

and these data are also used in this thesis.

2.6.2 Demography and female body condition

The UNBP and STT projects keep long term records of demographic events (births, 

deaths, emigrations and immigrations). Female sexual state was recorded on a daily basis 

using UNBP protocol (see Marsh 1992, Appendix D) and for the purpose of this study 

a further category of amenorrhoea following infant death or miscarriage was added. Each 

week adult and subadult female body condition was recorded. To avoid the 'ceiling effect' 

found by Barton (see Barton 1989, Figs. 4.6 and 4.7, p. 130) a more finely divided scale 

was derived. Females were scored for six categories (pelvis, callosities, flaking of the 

callosities, ribcage, hair loss and tail stiffness) on a scale from 1-4(1 representing 'normal' 

condition and 4 representing serious deterioration (extensive hair loss/whole ribcage 

visible etc.)). When possible this data was collected by two observers, so that discussion 

of weekly changes could occur. Body condition was not recorded in STT until November 

1993 when the observer was familiar with individual females' body shapes. The 

individuals' scores for each category were then weighted and combined to form a monthly 

'condition score' (see Section 3.5.2). Tail stiffness was dropped from the analysis of body 

condition as it was almost always invariant and appeared to be an indicator of age and
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previous injury. The weightings used in this study were -3 (for pelvis/ribcage); -2 (for 

callosities/hairloss) and -1 (for flaking of callosities). These weightings were chosen as 

they were considered to place emphasis on indicators of fat/weight loss (S.Strum pers. 

comm.). A different weighting was also used (-2 (for pelvis/ribcage/ callosities/hairloss); 

-1 (for flaking of callosities)), but did not alter results significantly. Condition score was 

then calculated by multiplying the score for each category by its weighting and then 

adding 11 to the sum of these weightings (so that 'normal' condition had a score of zero).

2.7 ECOLOGICAL MONITORING

UNBP has a well established ecological monitoring system, assessing herb-layer 

productivity and tree and shrub phenology. From August 1993 to December 1993 this 

was done on a bimonthly basis. However, protocol was changed in January 1994 and 

from this point onwards assessments were conducted monthly. The monitoring 

programme was considered relevant to this study and rather than duplicate results, the 

observer assisted UNBP with data collection. To determine densities of the major food 

trees and shrubs a series of 18 line-intersect transects (Western and Gichohi unpubl. man.) 

were established in the study area between April 1994 and June 1994.

2.7.1 Herb-layer biomass

Herb-layer biomass was assessed using the pin-frame method (McNaughton 1979), in 

which angled wire pins are slotted through a wooden frame and a count made of the 

number of contacts between the pins and green plant material. Green biomass can then 

be computed from the mean number of hits per pin by the equation:

6 = 6 .3  + 16.93 (h)

where 6=green biomass in grams dry weight per m̂  and A=mean hits per pin 
(McNaughton 1979; see also Barton 1989 for use of this method at Chololo).
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From August 1993 until January 1994, this procedure was repeated once in each of the 

compass directions, using a frame with ten pins at nine grassland plots within the study 

area. In February 1994 the monitoring protocol was changed in order to sample more 

sites, and the procedure was altered to five pins repeated in each direction at 13 plots.

Figure 2.7 a-b shows the results of the pin-frame data for the study period. Figure 2.7a 

presents the biomass calculated from total number of hits, whilst Figure 2.7b shows 

biomass calculated from total number of hits with green herb-layer only. Both measures 

are presented because the 'green' herb-layer biomass estimate reflects more clearly the 

food resource utilized by the baboons (S.Strum pers. comm.). Herb-layer biomass shows 

a strong link with rainfall, being consistently low in dry months, then peaking in July for 

total biomass and in May for 'green' biomass (the month with the highest rainfall). 

Bagnauls and Guassen (1953) identify the 'growing' season (in agronomical and ecological 

terms) when the monthly precipitation is two times the mean annual temperature, P>2t 

(see Le Houerou 1989). The mean temperature during the study period was 22.0°C. 

Therefore, a conservative definition of a 'dry' month was taken as one in which rainfall is 

less than 40mm The distinction between wet and dry months in this thesis is made using 

this criterion.

Biomass was significantly lower in dry months than in wet months (Mann-Whitney: total 

biomass: z -  -2.01, n=6=5, p=0.045; green biomass: z -  -2.01, n=6=5, p=0.045). 

Although there is a significant correlation between green herb-layer biomass and monthly 

rainfall (Spearman's rank: total biomass: r, = 0.600, n=l 1, p=0.051; green biomass: r, = 

0.655, n=l 1, p=0.029), the correlation between biomass and a measure of cumulative 

rainfall is stronger (total biomass with rainfall from the two previous months: r̂  = 0.836, 

n=l 1, p=0.001; green biomass with rainfall in the current and the previous month: r, = 

0.737, n=l 1, p=0.011), demonstrating the cumulative effect of rainfall on growth. Barton 

(1989) found a high correlation between estimates of baboon food biomass and herb-layer 

biomass calculated from pin-frame data (but see Marsh 1992), and the wet season/dry
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Figure 2.7a: Monthly total herb-layer biomass and

rainfall during the study period.
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Figure 2.7b: Monthly green herb-layer biomass and 

rainfall during the study period.
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season dichotomy shown here suggest that a period of relative food scarcity was 

experienced by the baboons during the first eight months of the study.

2.7.2 Tree and shrub density

The densities of the 10 major tree and shrub food species were determined using line- 

intersect transects. In brief, line intersect-transects are a variant of the quadrat method 

which allow a rapid accumulation of data on plant density and species composition over 

a large area. The transects were walked from one end to the other, and for each tree or 

shrub of interest whose canopy was intersected by the transect, the height and canopy 

diameter were estimated to the nearest metre. For statistical reasons estimates of density 

cannot be calculated when the transect intersects less than two canopies, therefore the 

method is not suitable for rare or highly localised species. However, for the major baboon 

food species in this study the method was sufficient. The existence of discreet habitat 

types in this area (see Barton 1989, Fig. 3.1, p.47) meant that when a species was not 

sampled on a transect its density in that area was taken as zero. For some species a 

distinction between 'tree' and 'shrub' was made, with shrubs being under 1.5m in height. 

Eighteen transects of varying lengths were walked, producing a total transect length of

16.8 km. Transects were located in pairs running down gradient in 6 valleys within the 

study area in order to ensure that all major habitat types were bisected (D.Westem 

pers.comm.). Density was then calculated by the equation:

fz(-)L c.

where K = a. constant (the number of square meters in a hectare), L = length of the 
transect (in metres) and c, = the canopy diameter of tree i.

Table 2.6 presents the densities for the 10 major tree and shrub food species which were 

calculable by this method.
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Table 2.6: Tree/shrub densities (N/hectare).

Species Density (N/hectare) Standard Error

Acacia brevispicata shrub 1.70 5.09

tree 8.10 2.83

Acacia etbaica shrub 139.72 25.91

tree 102.94 26.84

Acacia mellifera shrub 186.14 60.23

tree 96.91 19.23

Acacia nilotica shrub 14.77 5.31

tree 7.13 2.41

Acacia tortilis shrub 15.99 7.55

tree 13.79 4.5

Asparagus spp. 134.64 44.6

Grewia tembensis shrub 108.74 18.51

tree 23.21 8.64

Hibiscus spp. 44.15 13.37

Lycium europaeum 176.13 21.76

Solanum spp. 807.52 192.23

2.73 Plant Phenology

At the same time each month as the herb-layer was assessed (bimonthly at the beginning 

of the study), thirteen of the major tree and shrub food species were also monitored. The 

UNBP monitoring is more extensive than reported here where only phenology scores are 

presented. Trees and shrubs were scored on a 0 to 4 scale for leaf, flower and fruit (or 

pod) presence. Focal trees and shrubs were distributed throughout the home range and 

each species was represented by a minimum of 10 focals. Phenology scores were 

averaged for each species each month, and two separate zones were distinguished 

(’Chololo' and the 'Reserve'). However, no significant differences were found between the
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scores for each baboon food plant part by species and so phenology scores were averaged 

for the two areas.

The relationship between flower presence and rainfall found by Marsh (1992) was echoed 

in this study, although significant relationships were found in only three species. The best 

correlations between phenology score and rainfall measures were in month-4 for Acacia 

etbaica (Spearman's rank: r, = 0.318, n=l 1, p=0.341), in month-5 for A.mellifera and 

AJortillis {A.mellifera: r, = 0.714, n=l 1, p=0.014; AJortillis: r, = 0.720, n=l 1, p=0.012), 

and in month-2 for A.nilotica (r, = 0.636, n=l 1, p=0.035). In general, flower presence 

thus appears to be less dependent on the immediate rainfall conditions than herb layer 

production, and more related to earlier seasons. There are significant differences between 

the Acacia species at this site in terms of their patterns of fruit and flower production in 

response to rainfall (see Marsh 1992). However, it is expected that the generally low 

rainfall conditions in 1992/93 will have affected all species to a some extent.

In order to investigate the effect of fluctuations in the amount of food available in the tree 

and shrub layer, a monthly index of tree and shrub baboon foods was calculated by 

multiplying the average phenology scores for known baboon foods by the density of 

individual species. Density was assumed to be constant over the study period. Figure 2.8 

shows the value of this index ('tree food index') over the study period. Table 2.7 presents 

the correlations between this index and monthly rainfall measures.

Table 2.7: Spearman's rank correlations between rainfall measures and tree food index

Current month Previous month Same and Previous Previous two

r, 0.436 0.642 0.591 0.864

p 0.180 0.033 0.056 0.001

The importance of each plant part in the diet of baboons is not accounted for by this
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Figure 2.8: Monthly tree food index scores during the study period.
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index, but the significant correlations between 'tree' foods and rainfall in previous months 

can be related to the results of Barton (1989) where both total biomass of baboon foods 

and shrub foliage are shown to be related to measures of previous rainfall. The index 

reflects the importance of the leaf flushes of Lycium europaeum and Acacia mellifera 

after rainfall (both of which correlate most strongly with rainfall in the previous two 

months (Leuropaeum: r, = 0,918, n= ll, p<0.001; A.mellifera: r̂  = 0.882, n=ll, 

p<0.001). Combined with the results of the correlations for Acacia flowers, this suggests 

that the total amount of food available in the tree/shrub layer is less dependent on short

term rainfall conditions than herb-layer biomass. This is reflected by the finding that 

whilst tree food index is lower on average in dry months, the result only approaches 

significance (Mann-Whitney: z -  -1.826, n=6=5; p=0.067).

2.7.4 Baboon food collection

During the study period samples of a subset of known baboon foods were collected for 

nutritional analyses. Collection procedure followed STT project methods (see Barton 

1989; Marsh 1992, Appendix D; pers.comm.). Samples were collected in plastic bags 

with a record of the date, location and species. Samples were weighed before drying to 

a constant weight (either in the sun: see e.g. Dasilva 1989, or under a grill: Barton 1989). 

Samples were then reweighed and resealed in new bags. Nutritional analyses were 

conducted by A.Biggs in the University of Liverpool, Department of Animal Husbandry 

Field Station at Leahurst. Crude protein content was calculated from nitrogen content 

(determined by the micro-Kjedahl method). Net caloric values were determined by bomb 

calorimetry (Gallenkamp Adiabatic Bomb Calorimeter). In addition to focal animal 

samples, a subset of bite rate samples were conducted during behavioural data collection. 

This sampling was started in October 1993. These took place after the focal animal 

sample and were started when an animal began ingesting a food type and stopped when 

an animal had ceased to feed on that food (bouts were counted as having terminated when 

an animal moved away from the food source or stopped feeing for more than 2s). During
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bite rate sançles, each bite taken by the focal was counted and the bout was timed to the 

nearest 1/1 Os. The aim of these focal was to characterise individual intake rates. 

However, focal animal sampling took priority over bite rate sampling, and this aim was 

not achieved. In the second half of this study sampling of bite rates became more 

opportunistic, and less emphasis was put on sampling.

2.8 DATA ANALYSIS

A minimum sample of 120 minutes for mothers and 90 minutes for controls per time block 

(calender or infant month) was imposed to reduce biases which may be due to 

undersampling in specific time periods. Most of the data presented in this thesis were not 

normally distributed and therefore nonparameteric statistical tests were used (Sokal and 

Rohlf 1981; Siegel and Castellan 1988). When parametric tests were conducted, data 

were tested for normality, and if appropriate subjected to transformation before analysis. 

All tests are 2-tailed (except when stated), with a level of rejection set at p=0.05. 

However, if trends in the data are apparent, the exact p value is reported. Data,were 

analysed using SPSS for Windows (release 6.1, 1994).
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3. INVESTIGATION OF THE MATERNAL TIME BUDGETS MODEL

3.1 INTRODUCTION

This chapter discusses Altmann's (1980) model of maternal time budgets and reviews 

previous analyses of the model (Section 3.2). Troop differences in day journey length, 

home range and activity budgets are discussed in relation to potential constraints on 

mothers (Sections 3.S-3.4) and the data collected are then used to test the model (Section

3.5). The model is assessed in relation to its assumptions, and the ecological constraints 

causing deviations from its predictions are discussed (Section 3.6). Finally, the energetic 

costs of lactation are reexamined (Section 3.7).

3.2 ALTMANN'S MODEL OF THE MATERNAL TIME BUDGET

Altmann (1980) developed a model that predicts the percentage of time that a lactating 

female should spend feeding on a given day from the metabolic demands of the mother 

and the infant. The model states that:

‘ E

where t = infant age (in days);/, = percentage of time that a female spends feeding when 
her infant is age r; A = constant that converts energy requirements into feeding time; m = 
female body weight (in kg); Iq = infant weight at birth (in kg); Ai = infant rate of weight 
gain (kg/day); E = net efficiency of lactation and of assimilation by the infant.

Briefly stated, maternal feeding time is calculated as a function of infant age; as the infant 

grows and gains weight its energy demands increase and the female must devote an 

increasing proportion of her time budget to feeding. Time may be considered as a limited 

resource (see Chapter 1; S.Altmann 1974; Dunbar 1992a, 1993b) and there comes a point 

at which the mother can no longer sustain the infant's energy demands through increases 

in feeding time, due to conflict between this and other essential activities. A female must
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then either continue to feed her infant by utilising fat reserves, or force the infant to begin 

nutritional independence. The decision made at this point appears to be related to a 

number of factors, for example, environmental conditions, the female's nutritional status, 

the probability of infant survival and the stability of the female's social relationships (e.g. 

Lee 1987; Hauser and Fairbanks 1988; Gomendio 1989; Marsh 1992). These factors will 

influence the balance between the costs to the mother's residual reproductive value and 

the benefits to the current offspring (see Chapter 1).

The time budget model has been tested on three baboon species, Papio cynocephalus 

(Altmann 1980), Theropithecus gelada (Dunbar and Dunbar 1988) and P. c. ursinus 

(Lycett 1995). In addition, Lycett (1995) has applied the model to Nicolson's (1982) data 

on P. c. anubis. Although in all cases the qualitative fit between observed and expected 

feeding times was relatively good, the model failed to give accurate quantitative 

predictions. For yellow and olive baboons feeding time was found to be consistently 

lower than predicted values, whilst for gelada and chacma baboons the observed times 

were found to be consistently higher than predicted. These analyses suggest that several 

aspects of the model require further investigation, relating to both the estimation of 

parameters and the underlying assumptions. The model considers only one variable, the 

infant's caloric requirements over time (without causing maternal weight loss and 

excluding the infant energy needs for growth), and does not accommodate the many other 

ecological and social factors that can influence energy intake and time budgeting. These 

may cause deviations from both the assumptions and the predictions of the model.

Before applying the model to the data it should be noted that two types of constraint on 

time budgets may be identified; those that apply to all animals (although not necessarily 

equally) and are not related to reproductive state, and those that are a consequence of 

lactation. Thus, before looking at the effect of infant age, it is useful to examine those 

factors that may cause mothers in the three troops at Chololo to feed at different levels. 

Differences in time budgets between troops are therefore examined to determine whether 

mothers may be considered together or whether analysis should be conducted at the troop
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level.

3.3 DAY JOURNEY LENGTH AND HOME RANGE SIZE

3.3.1 Differences between troops

Group size influences home range size and day journey length because larger groups have 

higher food requirements than smaller ones (Harvey and Clutton-Brock 1981). It has 

been shown that group size in many primate species is positively correlated with home 

range size (e.g. yellow baboons: Stacey 1986) and day journey length (e.g. gelada: 

Iwamoto and Dunbar 1983). Across baboon populations, group size has been show to 

explain a significant amount of the variance of both measures (Barton et al. 1992).

Average group size over the study period (to the nearest integer) was 25 for PRO, 35 for 

MLK and 73 for STT. The mean day journey length (DJL) over the study period was 

4612 m for PRO (standard deviation = 1570, n=89, for 13 months), 7249 m for MLK 

(sd=1708, n=79, for 10 months) and 7805 m (sd=2407, n=74, for 10 months) for STT. 

Figure 3.1 shows monthly day journey length for each of the troops. MLK and STT had 

significantly longer monthly day journey lengths than PRO (Wilcoxon-Matched Pairs, 

excluding PRO data before October 1993: MLK & PRO: z = -2.756, n=l 1, p=0.006; 

STT & PRO: z = -2.845, n=l 1, p=0.004) but there was no difference between STT and 

MLK {z = -1.423, n=l 1, p=0.159). Although MLK was smaller than STT the observed 

mean day journey length is not beyond the range of those for a troop of its size (see 

Sharman and Dunbar 1982; Barton 1989).

The differences between each troop's total home range size (determined over the study 

period) were also in the expected direction: PRO: 17.25 km ;̂ MLK: 26.5 km ;̂ STT: 50.5 

km .̂ All troops appear to have larger home ranges than predicted by the regression 

equation presented in Barton (1989; Fig. 3.8, p.67) and, even if the relatively poor nature 

of the habitat is considered, are still large for their size (see Dunbar 1988; Fig. 3.2, p.46).
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Figure 3.1: Mean monthly day journey length by troop.
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Indeed, the total home ranges of PHG and STT are probably underestimated, since both 

extended their range into areas that were inaccessible to the observer (electrically fenced 

private ranches). During the study STT and PHG both made excursions into areas in 

which they had never been observed previously and MLK was seen to utilise a new 

sleeping site. Thus, it may be that the cumulative effects of the drought forced the animals 

to enter unfamiliar areas in the search for more profitable foraging areas, thereby 

expanding their home ranges.

If monthly home range size is considered, then the area utilized by each troop is close to 

Dunbar's (1988) estimated ranging area of approximately 40 hectares per animal for Papio 

baboons living in savannah/desert areas (see Table 3.1). S.Strum has developed the 'food 

availability quotient' (FAQ) as a measure of the availability of resources per animal which 

can be compared between groups or across time (see also Strum and Western 1982). 

FAQ is calculated using the equation;

^ . H R

GS

where, g/m^ = the minimum biomass during the study period, HR = the home range size 
over that study period and GS = the mean group size over the study period (S.Strum and 
D.Muiruri pers.comm.).

FAQ measures for the PHG, MLK and STT were similar for the total study period (see 

Table 3.1), suggesting that the total home ranges of each troop are a direct response to 

the level of resource availability.

Comparing monthly home range size between troops gives the same results as found for 

day journey length: MLK and STT had larger monthly home ranges than PHG (Wilcoxon 

Matched-Pairs: MLK & PHG: z = -2.934, n=l 1, p=0003; STT & PHG: z = -2.490, n=l 1, 

p=0.013) but were not significantly different from each other (z = 0.400, n= ll, p=0.689).
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The difference in group size between MLK and STT (see Section 2.4) translates into 

differences in the total energy requirements for each troop (Harvey and Clutton-Brock 

1981; see also Cowlishaw 1993 for an example of the effects of group size on total 

metabolic requirement). Thus, the finding that there is no difference between monthly 

measures of day journey or home range between MLK and STT deserves further 

comment.

Table 3.1: Monthly home range size (HRS) for PHG, MLK and STT (in km )̂. (For 
months in which behavioural data was collected).

Month PHG MLK STT

Aug. 1993 5.75 - -

Sep. 1993 5.00 - -

Oct. 1993 7.25 13.75 20.25

Nov. 1993 7.00 13.75 15.50

Dec. 1993 9.75 12.75 11.50

Jan. 1994 7.00 10.75 9.00

Feb. 1994 7.75 14.75 4.25

Mar. 1994 6.00 14.00 8.75

Apr. 1994 9.25 13.25 16.50

May 1994 8.50 13.75 13.00

Jun. 1994 8.75 19.00 17.75

Jul. 1994 9.75 12.00 12.50

Aug. 1994 8.75 11.50 12.50

TOTAL HRS 

FAQ

17.25

11.65

26.50

12.78

50.50

11.68

Figure 3.2 shows the total home ranges over the study period of MLK and STT. It can 

be seen that all of MLK's home range is encompassed by that of STT (see also Section 

2.4). In 8 of the 11 months of the study period MLK was seen to sleep at the same site 

as STT, and in all months was seen to range in the same areas as STT. MLK was 

consistently subordinate to STT and it may be that this dominance relationship meant that
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Figure 3.2: Home ranges for PHG, MLK and STT during the study period.
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STT was able to monopolize preferred feeding sites. This would cause MLK to forage 

further from the sleeping site and thus give the troop a larger home range and longer day 

journeys than would be expected from its size alone.

3.3.2 Ecological influences on day journey length and home range size

Day journey length was significantly different between months in PHG and in STT 

(Kruskal-Wallis ANOVA: PHG: = 24.47, df=12, p=0.019; STT: = 27.69, df=10,

p=0.002) but not in MLK = 10.33, df=10, p=0.413). However, it is only in PHG that 

there is a significant difference between DJL in the wet and dry periods (Mann-Whitney: 

PHG: z = -2.278, n=8=5, p=0.023; MLK: z = -0.369, n=6=5, p=0.713; STT: z = -1.281, 

n=6=5, p=0.202). This suggests that PHG is reacting differently to gross changes in food 

and water availability (see Chapter 2) than MLK and STT, and may reflect the effects of 

troop size and dominance on the strategies available to individuals. PHG was observed 

to be subordinate to the other troops that ranged in the same area during the dry season, 

and it may be that the troop was unable to expand its home range (and hence DJL) to look 

for new foraging areas. However, during the wet season, either as a result of more adult 

males in the troop and unstable dominance relationships between troops, or because more 

food was available and hence competition was reduced, PHG could then expand its home 

range. Alternatively, the smaller home range observed in the dry season may be related 

to an 'energy conservation' strategy; by resting more in dry months (see Section 3.5), 

animals in the troop could be seen to be reducing energetic demands and thus the need to 

travel over larger distances to obtain food.

Rainfall in the sample month was only correlated with day journey length in PHG 

(Spearman's rank: r, = 0.625, n=13, p=0.023) and no significant correlation with 

cumulative or previous rainfall measures was found in any of the troops. A relationship 

between total rainfall in the same and previous months and home range size was also 

found for PHG (r,= 0.677, n=13, p=0.011), consistent with the results found for day 

journey length. That there was a difference between the relationship of home range size
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and day journey length between troops is shown by the fact that only STT showed a 

significant relationship between measures of food availability and day journey length 

(Spearman's rank: tree food index: r,= 0.673, n=10, p=0.033; 'green biomass': 0.697,

n=10, p=0.025). However, there was no relationship between biomass measures and 

home range size.

The increase in day journey length in response to increased green biomass and 'tree food 

index' suggests that in months of lower food availability, animals in STT are either feeding 

on less dispersed food resources or that they are conserving energy by reducing time in 

travel and accepting a lower overall intake when conditions are poor.

Towards the end of the dry season STT expanded its home range to include a large patch 

of Opuntia vulgaris ('prickly pear': an exotic found in localised clumps on the Reserve, 

see Chapter 2). On some days STT ranged only in the immediate area of this patch, and 

hence average day journey length in the month was reduced. The Opuntia although low 

in protein content, represented a reliable food source, and was not exhausted. Thus it may 

be that animals in STT concentrated on Opuntia rather than range over large distances 

while foraging. Similarly, chirr^anzees have been reported to concentrate on herbaceous 

piths (low in protein and sugar content) when fruit avaliability is low (Wrangham et al. 

1991), and the pattern of ranging witnessed in STT is possibly related to the explotation 

of low-quality 'fall-back' foods in periods of relative scarcity.

3.4 TROOP ACTIVITY BUDGETS: NON-LACTATING FEMALES

Table 3.2 presents the mean activity budget over the study period for non-lactating 

females in the three troops. The differences in distance and area covered by the two larger 

troops and PHG translate into differences in moving time, although only the difference 

between PHG and STT reaches statistical significance (Wilcoxon Matched-Pairs: MLK 

& PHG: z = -1.600, n=l 1, p=0.109; STT & PHG: z = -2.401, n=ll, p=0.016; MLK & 

STT: z = -1.337, n=l 1, p=0.182) (monthly data is paired and therefore PHG data before
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October 1993 is excluded).

Table 3.2: Activity budgets for non-lactating females (mean of monthly means, standard

Activity

Troop

PHG MLK STT

FEED 36.52 (8.06) 40.02 (6.83) 39.49 (8.16)

FORAGE 2.81 (6.19) 5.34 (6.46) 4.66 (4.90)

MOVE 18.58 (4.95) 22.73 (5.90) 24.90 (4.02)

REST 22.86 (7.67) 17.34 (5.04) 16.10(5.00)

SOCIAL 13.83 (6.98) 10.87 (5.07) 11.57 (6.41)

n (months) 13 11 11

Dunbar and Sharman (1984) showed, for baboons, that resting time was drawn on when 

time spent in other activities was increased. Examination of the data shows that resting 

was the only other gross behaviour category for which there were trends in the predicted 

direction, although these were not significant (Wilcoxon Matched-Pairs: MLK & PHG: 

z = -1.689, n=ll, p=0.091; STT & PHG: z = -1.422, n=ll, p=0.155; MLK & STT: z = 

-0.267, n=ll,  p=0.790).

Within troops there were negative correlations between monthly moving and resting times, 

although these were only significant for PHG (Spearman's rank: PHG: r, = -0.857, n=13, 

p=0.0001; MLK: r, = -0.309, n=l 1, p=0.355; STT: r, = -0.119, n=l 1, p=0.729). Trade

offs between different components of the time budget are examined below. It should be 

noted that the non-significant correlations for STT and MLK suggest that resting time is 

not an unlimited reserve, and there maybe a minimum required level (see Section 3.6.1). 

The differences in troop activity levels must be considered when comparisons between 

mothers are made. Therefore, in the following section an attempt is made to control for 

any troop effect whenever data are pooled.
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3.5 TESTING ALTMANN’S MODEL

3.5.1 Determining the parameters

Table 3.3 presents a summary of the parameter values used in this and the previous three 

investigations (Altmann 1980; Dunbar and Dunbar 1988; Lycett 1995). Olive baboons 

are heavier than both yellow baboons and gelada, and for this study female body weight 

is taken as 13.01 kg (from the mean value given for the non-raiding troop (PHG) in Bley 

et al. 1989). The two values for infant growth rate were taken from captive groups; one 

fed a low protein diet {Ai = 0.005) and the other fed a standard laboratory diet {Ai = 

0.01). Bley et al. {op cit.) found that PHG (at Gilgil, the non-raiders') had a growth rate 

of 0.0051 kg/day (assuming linear growth rates up to 3 years of age), agreeing with the 

'low-protein diet' captive group (Buss and Reed 1970) and the rate calculated by Altmann 

and Alberts (1987) for wild-feeding baboons in Amboseli. Therefore, although predicted 

feeding times calculated for both growth rates are shown, it is most probable that the 

lower figure approximates the situation at Chololo.

Table 3.3: Parameter values for the maternal time budgets model.

Parameter Altmann Dunbar & Dunbar Lycett This study

(1980) (1988) (1995)

A 7.08 6.45 8.69* 5.22-7.38%

m 11.0’ 11.0 15.00"* 13.01%

>0 0.775’ 0.775 0.854^ 0.775

Ai 0.005-0.01  ̂ 0.005-0.01 0.005-0.01 0.005-0.01

E 0.8* 0.8 0.8 0.8

Source: 'Estimated from data in Lycett (1995); ^See text for details; ^Brambiett 1969; ‘‘Henzi unpubl. 
data; ^Snow 196;, *Harvey e t a l  1987; ’Buss and Read 1970; *Blackbum and Calloway 1976,

During the study period the amount of time spent feeding for non-lactating females was 

36.5% (PHG), 40.0% (MLK) and 39.5% (STT) (mean of monthly means; see Table 3.2).
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Given the difference in weight between olive baboons and yellow baboons, the value for 

A is recalculated from the equation given in Altmann (1980):

f=Aw 0.75

where/= the percentage of daytime that an animal spends feeding and w = body weight 
(in kg).

This gives values of A of 5.33 (PHG), 5.84 (MLK) and 5.77 (STT). However, differences 

in methodology between the three studies mean that the behaviour recorded here as 

'foraging' is subsumed into the category of feeding in the other studies (see Chapter 2). 

The amount of time spent feeding and foraging by non-lactating females was 43.2%, 

47.6% and 46.5%, giving alternative values of A of 6.31, 6.95 and 6.79, which are closer 

to the values used in both Altmann (1980) and Dunbar and Dunbar (1988) (see Table 3.3).

3.5.2 Testing the model

Figure 3.3 a-f presents the median feeding times over infant age for each of the three 

troops. Data are only used from the first 12 months of the infant's life, as by this stage, 

mean time on the nipple (assumed to reflect intensity of lactation) is only 4.98% (sd=8.67) 

and the infant is assumed to be providing most of its own nutritional requirements. 

Sanple sizes in each graph are small and include data from mothers whose infants did not 

survive. However, it can be observed that in no troop did feeding time (or feeding and 

foraging time) exceed the value predicted by the model more than once.

As there were no significant differences in maternal feeding time over infant age between 

troops (Kruskall-Wallis ANOVAs by infant age: p>0.05), data for the three troops were 

combined. Data from mothers whose infants died were excluded from the analysis on the 

grounds that the reason for infant death may be related to feeding time. The data from 

these females are considered in Chapter 4.
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Figure 3.3: Maternal time budgets by infant age (troop medians for all mothers).
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Figure 3.4 a-b presents the combined data for all troops, with both feeding time and 

feeding and foraging times shown. Figure 3.4a shows the two curves of predicted feeding 

time based on the minimum and maximum values for A (for all troops) and infant growth 

rate. Figure 3.4b shows the maximum and minimum curves of predicted feeding time 

based on two different estimates of maternal weight. Barton (1989) estimated female 

weight at Chololo as 13.38 kg from the regression equation of Dunbar (1992d; then in 

press), and recalculation of A with m = 13.38, gives a maximum value of 6.80 and a 

minimum value of 5.22 (over both infant growth rates). Strum (pers.comm.) has 

estimated that females during this study period weighed considerably less than the PHG 

non-raiders at Gilgil. Therefore a second estimate of 12.00 kg was used in the equation, 

giving maximum and minimum values of A of 7.38 and 5.67. Thus, in Figure 3.4b, the 

minimum value of A was taken from the higher estimate for maternal weight and the 

minimum growth rate, and the maximum value of A was taken from the lower estimate 

of maternal weight and the maximum growth rate.

It can be seen from Figure 3.4a, that the qualitative fit between observed and predicted 

values is poor when only feeding time is considered but is much better for foraging and 

feeding times combined (although still below predicted values when A is also calculated 

from the two). In Figure 3.4b the fit is again poor. Although the curve calculated for 

feeding and foraging time when m = 13.38 does appear to approximate the data, it should 

be remembered that this is unlikely to be a realistic estimate of female weight. Assigning 

calender month feeding data to infant age (the nearest age in months), and calculating a 

linear regression (when infants are below 12 months in age) gives;

ft = 34.72 + 0.62i,g,; t = 1.98, df=94, p=0.05, (r^=0.04) 

where/, = feeding time and = infant age in months.

The regression shows that whilst feeding time increases over age, the coefficient of the 

slope is small. As the model of maternal time budgets uses a power relationship to

71



Figure 3.4a: Maternai time budgets by infant age 

(with minimum and maximum values of A).
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Figure 3.4b: Maternai time budgets by infant age (using alternative

fem ale weights).
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calculate feeding time, a power model was fitted to the data, where; 

f = 32.07 + F = 4.94, df=94, p=0.03, (r^=0.05)

Although this gives a better fit than a linear regression, in both cases the value of r̂  is very 

small, with infant age accounting for only 4% and 5% of the variability in feeding time for 

the linear and power models respectively. Neither regression model was significantly 

improved when using feeding and foraging time. These regressions use data pooled from 

all mothers and may therefore violate the assumption of independence of data points. 

Regressions were set for the 7 mothers with more than five months of behavioural data 

when infant age was less than 12 months. In no case did a power model fit individuals' 

data and in only 2 cases did the slope of the linear model differ significantly from zero.

The relationship shown in Figure 3.4a-b is also misleading in that it assumes that firstly, 

baseline feeding levels are constant throughout the year, thus confounding seasonal effects 

with those due to infant age, and secondly, that the value of A is constant over time. 

Whilst this study did not characterise individual feeding rates, several studies have shown 

that gross feeding time is not a good indicator of food or nutritional intake (e.g. Stacey 

1986; Barton 1989; Muruthi et al. 1991). This suggests that A may vary both between 

groups and between individuals, and also as the nutritional quality, density and distribution 

of food resources changes (Dunbar and Dunbar 1988).

Feeding and foraging times have been shown to be influenced by season (see e.g. Post 

1982), and data for non-lactating females suggest that they are spending more time 

feeding in 'wet' months and more time foraging in 'dry' months. Although this only 

reaches statistical significance for feeding time in STT and for foraging time in STT and 

MLK (Mann-Whitney: feed: PHG: z = -1.875, n=8=5, p=0.061; MLK: z = -1.469, n=6=5, 

p=0.142; STT: z = -3.289, n=6=5, p=0.014; forage: PHG: z = -0146, n=8=5, p=0.884; 

MLK: z = -3.421, n=6=5, p=0.0006; STT: z — -3.289, n=6=5, p=0.001), by subtracting 

maternal feeding time from a control or 'baseline' value each month it is possible to look
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at the effect of infant age on feeding time, whilst controlling for any variation due to food 

availability or season and for differences between mothers due to the timing of births. 

Control levels were taken from the groups defined in Section 2.5.1. For MLK and PHG 

these were all non-lactating females in the troop, and in STT matched control pairs.

Figure 3.5 shows the median values for feeding relative to baseline for all females (sample 

sizes for maternal activity graphs as in Fig. 3.4). For months 1 to 6 feeding time is below 

baseline, whilst for months 7 to 12 feeding time rises above baseline. This relationship is 

similar when considering feeding and foraging time combined (see Fig. 3.6), with levels 

being below baseline until month 5 and then rising above baseline in month 6. In neither 

case is it possible to fit a significant regression model to the data.

Feeding time below baseline suggests that mothers are either having to spend more time 

in other activities and cannot meet the energetic demands of lactation through feeding 

alone, or that lactation is not as costly as has been assumed and that demands on mothers 

are not significantly higher than on females in other reproductive states. This analysis of 

maternal feeding time thus raises two separate questions: Firstly, what are the reasons 

behind the failure of Altmann's model to fit the data (Section 3.5)? Secondly, what are the 

reasons for and implications of levels of feeding below baseline in months 1 to 6 (Section

3.6)7

3.6 INVESTIGATION OF THE MODEL’S ASSUMPTIONS

3.6.1 Sources of additional feeding time

Altmann (1980) assumed that moving and resting time were conserved by lactating 

females and that increases in feeding time were compensated for by a reduction in time 

spent in social activities. However, Dunbar and Sharman (1984) found that when feeding 

time is increased the additional time requirement is drawn from resting time (see Section 

3.3). Dunbar and Dunbar (1988) also found this to be the case in their analysis of gelada
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Figure 3.5: Median maternai feeding time

relative to troop baseline by infant age.
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Figure 3.6: Median maternal feeding and foraging time 
relative to troop baseline by infant age.
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mothers' time budgets.

To investigate this in the current data set, linear regressions were set for moving, social 

and resting times against feeding time. Moving time appears to be unrelated to the 

amount of time spent feeding (least squares regression, mothers with surviving infants 

(^12 months): b = -0.07, r̂  = 0.007, t̂ ĝ  ̂= 0.794, p=0.63), whilst both social time and 

resting time were inversely related to feeding time (resting: b = -0.588, r^= 0.463, t(9 4 )= 

-9.005, p<0.001; social: b = -0.336, r^= 0.201, t(9 4 j= -4.897, p<0.001). Although resting 

and social time appear to be drawn on as additional feeding time is required, comparison 

of the slopes of the regressions suggest that they are not given equal weight as reservoirs 

of 'uncommitted time'. The slope of the regression for resting time is significantly steeper 

than that for social time (p<0.05), suggesting that resting time is drawn on more quickly 

than social time. Whether this is only applicable to mothers can be determined by 

repeating the analysis for non-lactating females. Again the relationship between moving 

and feeding time is not significant (b = 0.006, r̂  = 0.000, t(j3 3 )= 0.100, p=0.909), and 

resting and social time have an inverse relationship to feeding time (non-lactating females: 

resting: b = -0.480, r^= 0.383, t(i3 3 )= -9.09, p<0.001; social: b = -0.516, r^= 0.421, 

t(i3 3 )= -9.828, p<0.001). However, there was no significant difference between the slopes, 

indicating that social and resting times are drawn on at equal rates.

Again the pooling of data violates the assumptions of these regression models, therefore 

these linear regressions were repeated for each female separately. Females were included 

for analysis if more than five months of behavioural data were collected (data for the 

matched STT pairs were counted as one female), females were counted as 'mothers' if they 

had a surviving infant who was included in the study. This gives 13 mothers and 12 

'control' groups. No individual's slope for moving time was significantly different from 

zero. Eleven of the thirteen mothers and nine of the twelve control groups had slopes for 

resting time which were significantly different from zero (mothers: -1.187<b<-0.188; 

control groups: -0.747<b<-0.129). The results for social time again suggest that mothers 

may be less able to draw on it as feeding requirements increase, with only six of the
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thirteen mothers having slopes that were significantly different from zero (-0.726<b<- 

0.043) in comparison to nine of the twelve control groups (-0.739<b<-0.129).

Dunbar and Dunbar (1988) found that the best fit to resting time distribution was given 

by a logarithmic equation and the best fit for social time distribution by a quadratic 

equation, producing a concave distribution for resting and a convex distribution for social 

time. Whilst this relationship was found when examining the data for non-lactating 

females, the reverse was found to be the case for mothers (see Table 3.5).

Table 3.5: Regression equations for non-lactating females and mothers: relationship of

Social time Resting time r:

Non-lactating females

Linear 31.96-0.516F 0.421 37.58-0.480F 0.383

Logarithmic 78.38-18.521nF 0.459 79.18-16.781nF 0.397

Quadratic 47.76-1.44F+0.012F2 0.467 45.0-0.914F-I-0.006F2 0.394

Mothers

Linear 22.55-0.336F 0.201 42.35-0.588F 0.463

Logarithmic 56.99-13.1 llnF 0.216 101.33-22.581nF 0.482

Quadratic 31.62-0.82F+0.006F 0.211 58.74-1.46F-J-0.011F2 0.487

The significance of this difference is questionable due to the very small values of the 

quadratic term and the relatively small differences in the values of r̂ , but unlike Dunbar 

and Dunbar's (1988) analysis, both equations in this case lead to concave distributions. 

Thus, although social time appears to be drawn on at a slower rate, it does not appear to 

be 'conserved' to the extent seen in gelada, suggesting that resting time cannot be drawn 

on exclusively. This may reflect an energy conservation strategy employed by females to 

reduce the impact of lactation. By increasing resting time females may decrease energetic
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needs and therefore 'conserve' energy (see Section 3.5.2; below). The females in this 

study also start from a lower baseline of resting time than the gelada, around 18% of the 

time budget (similar to that of the Amboseli population) as compared to 30% in Dunbar 

and Dunbar (1988). Another study at Amboseli found that social time was drawn on 

when feeding time increased (Post 1981) suggesting that in habitats where food 

availability and/or quality are low, time budgets may already be under stress, due to the 

need to compensate for reduced rates of energy intake. Resting time cannot be 

completely exhausted (e.g. Stelzner 1988) and, in relatively poor quality habitats, such as 

Chololo, may already be approaching a minimum (see correlations in Section 3.4). Thus, 

the resting time component of the time budget in this study appears to be less flexible than 

that of the gelada (Dunbar and Dunbar 1988).

If, as the graphs of maternal feeding time suggest, mothers feed below levels expected by 

a simple energetic model, then they may be employing some strategy to decrease the 

amount of energy expended during the day. In several species, lactating females have 

been shown to rest more than females in other reproductive states (e.g. white-faced 

capuchins, Cebus capucinus: Rose 1994; green monkeys, Cercopithecus a. sabaeus: 

Harrison 1983; baboons (captive): Roberts et al. 1985), in what has been interpreted as 

an 'energy-sparing' process (Wade and Schneider 1992). There is also evidence that this 

behavioural adaptation may apply to humans (Roberts et al. 1982; Prentice and Whitehead 

1987).

Figure 3.7 shows maternal resting time relative to baseline over infant age and it can be 

seen that for the first 3 months, mothers are resting more than non-lactating females. This 

may reflect an initial strategy of reducing energy expenditure by reducing the amount of 

time spent in energy consuming activities. By resting more, mothers may be facultatively 

lowering their energy expenditure and needs, therefore compensating for the initial 

demands of lactation.

The difference in slopes between resting and social time does suggest that they are drawn

79



1Xi
2

%
2
§

Figure 3.7: Median maternai resting time relative

to troop baseline by infant age.

10

5

0

•5

-10
9 10 112 3 4 5 6 7 8 121

Infant age (months)

80



on in different ways by mothers. The potentially high costs of a reduction in the level of 

social interaction (e.g. in terms of the need to maintain coalition partners and avoid 

harassment (Dunbar 1983; Harcourt 1989a; Rowell et al. 1991) and the maintenance of 

group cohesion (e.g. Wrangham 1980; van Schaik 1983, 1989) may preclude the use of 

social time for other fitness enhancing activities, such as feeding. These costs may be 

higher for mothers since dependent infants are potentially at risk from conspecifics (see 

e.g. rhesus macaques: Simpson 1988, Maestripieri 1993a; baboons: Strum 1975, Wasser 

1983, Collins et al. 1984, Brain 1992; Chapter 6).

Figure 3.8 shows social time in relation to baseline levels over the first 12 months. The 

amount of time spent in social activities is above baseline over the first four months but 

by month 8 is considerably below baseline. However, this may not be an active process 

since dependent infants act as a magnet to other individuals within the troop (e.g. Alley 

1980; Berman 1982a,b). Thus, rather than social time being conserved, these early 

elevated levels may be a consequence of this extra attention. Further examination shows 

that it is the percentage of time spent being groomed which causes mothers to deviate 

above baseline levels. During the first 4 months of their infant's life, mothers spend 

considerably less time grooming others than non-lactating females, but are groomed 

considerably more (see Fig. 3.9). These relationships and the implications of this result 

are examined in Chapter 6.

3.6.2 Maternal weight loss

One of the model's assumptions is that mothers do not draw on body reserves over the 

course of infant dependence. However, data exist to show that mammalian mothers do 

lose weight and condition during lactation (e.g. red deer: Loudon and Kay 1984; cats: 

Martin 1986; hamsters, Phodopus sungorus: Weiner 1987; ringtailed lemurs. Lemur 

catta: Pereira 1993; badgers, Meles meles: Woodroffe and MacDonald 1995). 

Bercovitch's (1987) study of Papio anubis at Gilgil, Kenya, showed that lactating females 

weighed 7% less than cycling females. Moreover, the data from Amboseli, which showed
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Figure 3.8: Median maternal social time relative

to troop baseline by infant age.
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Figure 3.9: Median maternal grooming time relative 
to troop baseline by infant age.
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that lactating females had feeding times consistently lower than predicted suggests that 

they may also have been drawing on body reserves to sustain lactation (Altmann 1980).

Berman and Schwartz (1988) have shown that an index of obesity derived for rhesus 

macaques was highly correlated with actual measures of body weight and estimates of 

body fat based on morphometric measures (e.g. the Quetlet index). Barton (1989) 

developed a measure of body condition for olive baboons at this study site which has since 

been extended (see Section 2.6.2). Although it is not yet possible to relate this directly 

to actual measures of weight and fat, it provides a means of comparing relative differences 

in condition between females in the study population and across time for individual 

females. Barton found that a female's index value progressively deteriorated over the 

course of lactation and no female below a certain level of condition was seen to conceive, 

supporting arguments that there is a threshold level of fat that must be reached in order 

for ovulation to occur (see e.g. Frisch and Mac Arthur 1974; Bercovitch 1987).

The index derived for this study is based on a weighted combined score of five of the six 

variables recorded (Section 2.6.2). Figure 3.10 presents mean body condition for non- 

lactating females by troop over the study period. Figures 3.11-3.13 show the mean 

values of condition for females in different reproductive states by troop. The same general 

relationship between state and condition found in Barton (1989) is seen in each of the 

troops, with pregnant females maintaining relatively good condition and lactating females 

being in relatively poor condition. When condition was examined for non-lactating 

females, troop (troop medians by month: Friedman ANOVA: Fr = 13.650, df=2, p<0.01) 

and reproductive state (individual medians in each state (pregnant/ cycling/ anoestrus: 

Friedman ANOVA: Fr = 9.438, df=2, p<0.01) had a significant effect. Given these 

influences, the effect of season was compared only for individuals for whom there were 

data in both wet and dry periods in the same reproductive state. There were too few data 

for pregnant females and for those who had miscarried or whose infant died to conduct 

statistical analysis and thus only data for cycling females were used. There were no 

significant differences in condition between wet and dry months (individual medians in
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Figure 3.10: Mean monthly body condition score for non-lactating females.

00

PHG MLK STT

I
1

-10

-12
Aug-93 Oct-93 Dec-93 Feb-94 Apr-94 Jun-94 Aug-94

Month

T able  3.6: Sample sizes for Figure 3.10.

m onth Aug-93 Sep-93 Oct-93 Nov-93 Dec-93 Jan-94 Feb-94 Mar-94 Apr-94 May-94 Jun-94 Jul-94 Aug-94

PH G 6 5 5 4 3 4 5 4 4 3 3 3 3

M LK - - 4 4 4 3 5 5 5 4 4 4' 4

STT - - - 14 14 14 12 12 13 15 12 12 12



Figure 3.11: Mean monthly body condition score
by reproductive state in PHG.
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Figure 3.12: Mean monthly body condition score 
by reproductive state in MLK.
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Figure 3.13: Mean monthly body condition score 
by reproductive state in STT.
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each period: Wilcoxon Matched-Pairs: z = -1.274, n=13, p=0.203), which may reflect the 

need for females to maintain a threshold level of condition in order to continue cycling. 

There were too few cycling females in PHG and MLK to compare condition between 

high- and low-ranking females (see Chapter 6 for definitions), however, there was no 

significant difference by rank for STT (Mann-Whitney: z = -0.324, n=6=8, p=0.746).

Figure 3.14 shows maternal condition over infant age for all mothers with infants up to 18 

months of age (after that period N^2). It can be seen that mothers lose condition until 

infants reach 12 months and then condition begins to improve. If we can assume that the 

condition score does reflect the level of body fat reserves, then the initial decline in 

condition can be used to explain feeding levels above baseline past the period of high 

lactational investment, with mothers continuing to feed at high levels in order to replace 

depleted body reserves. There is a weak linear relationship between condition and infant 

age (least squares regression: b = -0.306, r^= 0.056, F = 7.72, df=131, p=0.06), but a far 

stronger quadratic relationship exists (b, = -2.075, b2  = 0.097, r^= 0.185, F = 14.77, 

df=130, p<0.001). This suggests that mothers lose condition during the first period of 

lactation and then begin to gain condition during later months.

Figure 3.15 indicates that mothers in PHG appear to be able to maintain their condition 

over the course of lactation to a greater extent than MLK and STT mothers, who appear 

to lose condition rapidly with infant age (Wilcoxon Matched-Pairs (medians by infant 

age): PHG/MLK&STT: z -  -3.462, n=18, p=0.0005). The differences in condition 

between MLK/STT and PHG mothers can be more clearly illustrated by calculating the 

regressions for the two groups separately. Figures 3.16-3.17 show the regression lines 

fitted by the equations presented in Table 3.9. Again, calculating these regressions for 

each individual's data separately highlights the difference between PHG and MLK/STT. 

For all MLK/STT females the quadratic regression is significant (p<0.05) and provides 

a better fit than a linear model. In PHG, three of the four mothers' data can be fitted by 

a quadratic equation but for only one of these mothers is it an improvement on the linear 

model.
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Figure 3.14: Mean body condition score by infant age.
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Table 3.7: Sample sizes for Figure 3.14.

month 10 11 12 13 14 15 16 17 18

11 11 11 8 8

(sample sizes differ from Fig.3.4 due to inclusion of mothers in months when insufficient behavioural 
data was collected and data from one female who gave birth but was not part of study).
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Figure 3.15: M ean body condition over infant age by troop.
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Table 3.9: Regression analyses of the relationship between body condition score and 
infant age (independent variable). Data for PHG (surviving infants ^ 16 months) and 
MLK/STT (surviving infants  ̂ 18 months) are analysed separately.

Troop Equation 1̂ F P
PHG

Linear -5.07 - 0.208i^e 0.094 3.93 0.055

Quadratic -3 .20-0 .794i^+0.034i,g / 0.139 2.99 0.062

MLK/STT

Linear -9.42 - 0.352i^ 0.070 6.69 0.011

Quadratic -1.94-2.603Lg,+ 0 .1 2 4 iJ 0.275 16.66 <0.0001

Whilst infant age does not appear to significantly affect the condition of PHG mothers, 

females in STT and MLK seem to draw on body reserves significantly over the period of 

infant dependence. Mothers in PHG appear to be under less energetic stress than MLK 

and STT mothers which may be related to the differences in DJL and moving time 

between troops and the non-significant difference in feeding time (Sections 3.3-3.4).

In general, non-human primates do not lay down fat reserves to sustain lactation (cf. grey 

seals: Fedak and Anderson 1982; humans: Prentice and Whitehead 1987; see also Pond 

1977). However, like many other mammalian species, baboons have been shown to 

significantly increase food intake during pregnancy (baboons, Papio cynocephalus: Silk 

1986; rats: Steingrimsdottir etal. 1980). The slow foetal growth rates of primates mean 

that the foetus may not require a large energetic investment (although the long gestation 

period means that the costs of maintenance may be higher). Human studies have also 

shown that poor nutrition during pregnancy has adverse effects on birth weight, milk 

production, infant growth and infant mortality (e.g. Krasovec 1991; see Silk 1986 for 

possible effect of nutrition on baboon foetal growth). Clutton-Brock et al. (1989) suggest 

that for food-limited populations the costs of gestation are considerably less than those 

of lactation and it may be that the high level of condition seen in pregnant females 

represents a strategy for coping with periods of nutritional shortfall during lactation.
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The relatively prolonged period of dependence in primates means that the length of 

lactational investment has to be sensitive to environmental conditions (e.g. Lee 1984, 

1987; Hauser and Fairbanks 1988; Boinski and Fragazy 1989; Tanaka 1994). Although 

the percentage of body fat is low in wild feeding baboons (1.9% body fat representing a 

fat mass of 0.23 kg for Papio cynocephalus: Altmann et al. 1993), the mobilization of 

body reserves may represent an important means of supplementing milk production when 

food intake is insufficient. Indeed, if lean body tissue has been lost then mothers may also 

achieve a decrease in energy expenditure through a lowered metabolic rate (e.g. Ferro- 

Luzzi et al. 1990; Schultink et al. 1993).

The hypothesis that female baboons must reach a minimum weight threshold before the 

resumption of post-lactational cycling (Bercovitch 1987) cannot be investigated here due 

to the small number of females who resumed cycling. Only two females whose infants 

survived resumed cycling during the study period; one 'mother' was cycling at the 

beginning of the study, DC (PHG) whose infant was still observed to suckle, who did not 

become pregnant over the 13 month period, and MV (MLK) who resumed cycling in July 

1994.

3.6.3 Contribution of infant to metabolic demands

The model assumes that the infant makes no contribution to its own energetic demands. 

However, as Figure 3.18 shows, by the age of 10 months infants are feeding for 16.28% 

of the time (data are excluded for periods when infants were out of sight for more than 

25% of the focal and when there was less than 90 minutes of focal data). Figure 3.19 

shows the percentage of time spent on the nipple by surviving infants in all troops (sample 

size as Fig.3.4). It can be seen that by 8 months suckling time has levelled out at around 

10% and, after this point, it is not clear whether milk is being transferred to the infant or 

whether this represents non-nutritive suckling. Time on the nipple correlates negatively 

with independent feeding (Spearman's rank (monthly medians): r, = -0.942, n=12, 

p<0.001) and it is clear that infants make a gradually increasing contribution to their own
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Figure 3.18: Mean time spent feeding by infants over age.
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Table 3.10: Sample sizes for Figure 3.18.
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Figure 3.19: Mean time spent on the nipple by infants over age.
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nutrition. Although this study did not try to assess the actual energetic value of infants' 

food intake it seems reasonable to assume that from 9-11 months infants are likely to be 

supplying more of their requirements than their mother. Therefore, the feeding levels of 

their mothers after this age are probably related to the consequences of earlier investment 

rather than the current demands of the infant (see Section 3.6.2; Chapter 5).

3.7 THE ENERGETIC COSTS OF LACTATION

The values of two of the model's parameters, E and Ai, deserve further investigation. E, 

the conversion efficiency of lactation, has been based on data from humans and recent 

studies suggest that this may have been significantly underestimated. Infant growth. At, 

is assumed constant over time but, although studies have shown this may be a reasonable 

approximation, recent work suggests that growth rates are sensitive to local environmental 

conditions.

3.7.1 Efficiency of lactation

Frigerio et a/. (1991) in a study of lactating women with marginal dietary intakes found 

that the average efficiency of milk production was 94.2%, far above the 80% used in the 

model which has been the basis for many dietary recommendations in humans. They 

suggest that this figure should be used in calculations of energy requirements for lactating 

women and found that using such a figure would lower recommendations by around 400 

kJ/day (nearly 20% of the current allowances of PAO and WHO). Although the baboon 

diet is probably less digestible than that of humans, by changing the value of E in the 

model the impact of infant metabolic demands on a mother's feeding time requirement 

(assuming constant A over time) is considerably reduced (see Fig. 3.20).

Roberts et al. (1985) found that under restricted feeding conditions baboons {Papio 

cynocephalus and Papio anubis) increased the efficiency of energy utilisation by 17-25%. 

When the ad libitum laboratory diet was restricted to 80%, lactating females maintained
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Figure 3.20: Feeding above baseline 
levels under different values of E.
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milk output at baseline levels. However, at 60% of the ad lib. diet milk output decreased 

and the mobilization of body nutrients increased. They propose that low maternal food 

intake is associated with an impairment of lactational performance only when it is also 

severe enough to increase body nutrient mobilisation. Concentrations of fat, protein and 

carbohydrate in expressed milk did not differ between the captive groups but milk output 

was affected in the 60% intake group. This difference in output translated into differences 

in infant growth rate, with both restricted diet groups having significantly lower rates of 

infant growth than the ad lib. diet and the 60% intake group having an average infant 

weight reduced by 10.1% by 10 weeks.

3.7.2 Infant growth

Studies have shown that infant growth rates can be affected by several different factors 

(e.g. mink, Mustela vison: Mason 1994; humans: Foumes and Dorea 1995; rhesus 

macaques: Walker et al. 1984; Bowman and Lee 1995; baboons.: Altmann and Alberts 

1987, Strum 1991; see also Case 1978; Janson and van Schaik 1993). Strum (1991) 

found that differences in the amount of food available to naturally foraging baboon troops 

could be related to differences in growth rates and final adult body weight, with growth 

rates for animals of 0-3 years ranging from 0.0031 kg/day to 0.0049 kg/day. The data on 

condition show that females in this population appear to draw on body reserves, which, 

given the findings of Roberts et al. (1985), would suggest that lactational output was 

affected. Pereira (1993) in a study of captive ringtailed lemurs found that infant growth 

was very variable over the first 7 months of life, and was sensitive to both the level of 

provisioning and the current weight of the infant. Semi-independent infants gained weight 

at a significantly slower rate when under a 'low provisioning' diet (level of food available 

to both the mother and the infant). As infant growth appears to be sensitive to maternal 

nutrition, the possibility that the infants in this study did not achieve growth rates of 0.005 

kg/day in all months should be considered. If this is so, then by lowering growth rates in 

periods of food scarcity infants may be decreasing their demands from their mother and, 

thereby increasing their probability of survival (see Section 5.3).
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3.8 SUMMARY

In this chapter, Altmann's model of maternal time budgets has been tested against the data 

collected during the study. The reasons why the data do not fit the model's predictions 

were discussed and the assunptions of the model investigated. Gillteman and Thompson

(1988) have identified the need to look at behavioural compensatory mechanisms for 

coping with increased energy demands. The increased use of resting time to minimise 

energy requirements would appear to be such a mechanism. The slow growth rates of 

primates (Oftedal 1984) and the long period of infant dependence mean that flexible 

strategies of maternal care have developed. In several environments, a seasonal constraint 

on births may be identified, with a correlation between births and seasonal food 

availability, parturition being timed so that peak lactation (or weaning) can occur when 

food is abundant (e.g. patas monkeys, Erythrocebus patas: Chism et al. 1984; saddle- 

backed tamarins, Saguinus fuscicollis: Goldizen et al. 1988). The Papio baboons are not 

seasonal breeders (but see Lindburgh 1987; Lycett 1995) and in variable and unpredictable 

environments there is a need for flexible investment strategies. This study took place 

during a period of low overall food availability, and infant energetic requirements did not 

appear to be satisfied by increases in maternal feeding alone. In this chapter, several 

mechanisms by which mothers may decrease their energetic requirements have been 

suggested, and the data presented data indicate that by drawing on body reserves females 

may tide their infant over periods of nutritional stress. It is also suggested that growth 

rates may be adjusted to lower the energetic demands of lactation when feeding levels 

cannot sustain maximum infant growth. However, under conditions of improved resource 

availability, females may not have to rely on their own reserves, and may be able to sustain 

lactation through increases in feeding time. The observed pattern of feeding time in 

relation to troop baseline also indicates that mothers may be relying on energy stores that 

were built up during pregnancy. Although such stores are likely to be small in relation to 

other mammals, they still may represent a vital cushion against the energetic impact of 

lactation. If pregnant and cycling females are either regaining condition/fat after lactation, 

or putting on condition/fat in preparation for lactation, then this may explain why there
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is a lack of a clear-cut difference between females in relation to their reproductive state.

In the following chapter, the infant mortality is examined in relation to these findings. If 

mothers are having to utilise body reserves, then it is possible that females whose infants 

do not survive are unable to satisfy their infants' nutritional needs. Differences in feeding 

patterns and reproductive history are examined to determine the extent to which infant 

mortality is environmentally driven.
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4. FACTORS AFFECTING INFANT MORTALITY

4.1 INTRODUCTION

This chapter reviews the factors that can influence infant survival (Section 4.2) and 

examines the pattern of infant mortality during the study period in light of this (Sections 

4.3-4.4). In Chapter 3 it was argued that several strategies are used to decrease the 

impact of the energetic demands of lactation. By looking at patterns of infant mortality 

the limitations of these strategies may be identified. Activity budgets are compared 

between females with surviving infants and females whose infants died (Section 4.5), and 

then the ecological conditions faced by these females during lactation are discussed 

(Sections 4.6). Differences in feeding behaviour (Section 4.7) and body condition 

(Section 4.8) between mothers are then investigated. Infant behaviour is examined in 

relation to survival (Section 4.9) and possible explanations for infant deaths are then 

discussed (Section 4.10).

4.2 FACTORS INFLUENCING INFANT SURVIVORSHIP

The period of infancy in primates is characterised by high levels of mortality, which then 

decrease to much lower levels for the juvenile period (Altmann et al. 1988; Dunbar 

1988;). The neonatal phase appears to be the most vulnerable (e.g. Japanese macaques: 

Koyama et al. 1992; pigtail macaques: Worlein and Sackett 1995; chimpanzees. Pan 

troglodytes: Goodall 1986). Among cercopithecines, reported levels of mortality in the 

first year of life range from 10% to 60% (e.g. yellow baboons: Altmann 1980; Rhine et 

al. 1988; vervets: Cheney et al. 1988; bonnet macaques: Silk et al. 1981; Japanese 

macaques: Itoigawa et al. 1992). In some cases, it has been shown that differences 

between females in infant survival account for significant differences in lifetime 

reproductive success (Altmann etal. 1988; Cheney etal. 1988). In Chapter 1, the factors 

influencing differential parental investment were briefly reviewed. This section addresses 

these in relation to mortality and discusses the evidence from other primate studies.
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Several factors have been shown to affect infant survival; these include ecological 

conditions, maternal parity, infant sex and maternal rank. The relationship between food 

availability and infant mortality appears to be relatively direct, with higher survival rates 

when food is more abundant. For example, in a population of Japanese macaques infant 

mortality rates were found to be higher during periods of low provisioning than during 

periods of high provisioning (Watanabe et al 1992). In general, the results for the effects 

of maternal parity are consistent, with younger mothers having higher levels of infant 

mortality than older mothers (e.g. Japanese macaques: Sugiyama and Ohsawa 1982, 

Koyama et al 1992; Hanuman langurs: Dolhinow et a l 1979, Borries et a l 1991; but see 

vervets: Cheney etal 1988; patas: Chism et a l 1984). Altmann et a l (1988) found that 

in yellow baboons, the infants of primiparous females were twice as likely to die within 

the first two years of life than the infants of multiparous females. A similar result was 

found by Smuts and Nicholson (1989) for olive baboons, although the difference was only 

significant in the first year of life. It has been suggested that these differences result from 

differences in maternal experience, with younger mothers mishandling infants (Koyama 

et a l 1992). However, in some cases it may be that primiparous females are making a 

trade-off between growth and reproduction (e.g. rhesus macaques; Wilson et a l  1983), 

and the higher relative costs of investment at the early stages of a female's reproductive 

career may mean that mortality risks are higher (e.g. elephant seals, Mirounga 

angustirostris: Huber 1987).

In long-lived animals, such as primates, it is difficult without having long-term data to 

determine whether early maturation has significant life history costs. Bercovitch and 

Berard (1993) found that the age at first birth for rhesus macaques did not reduce lifespan 

or maternal survivorship in the short-term but neither did early maturation translate into 

higher lifetime reproductive success. However, Packer et a l (1995) found that the early 

age of first birth in high-ranking female baboons at Gombe was associated with increased 

risks of miscarriage. Thus, primiparity and maternal age should be considered as factors 

that may affect relative investment levels.
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The relative cost of investment in male and female offspring has been shown to differ 

between individuals of different rank and/or condition (Trivers and Willard 1973; Clark 

1978; Silk 1983; Gomendio 1990). The complex set of interactions between maternal 

rank, infant sex and ecological variables means that the data on infant mortality in 

cercopithecines have shown no consistent trends, with positive relationships (e.g. chacma 

baboons: Busse 1982; olive baboons: Packer et a l 1995; Japanese macaques: Mori 1979; 

bonnet macaques: Silk et al 1981), negative relationships (e.g. Japanese macaques: 

Gouzoules et a l 1982) and no relationship (e.g. olive baboons: Smuts and Nicholson 

1989) between rank and survivorship being reported (see also Silk 1987). The causes of 

mortality may differ between infants. For example, Cheney et a l (1981, 1988), in a study 

of vervet monkeys, found that a female's rank affected the probability that her offspring 

would die of predation rather than illness, with higher-ranking individuals being more 

susceptible to predation and lower-ranking individuals being more susceptible to illness. 

It is suggested that this differential mortality may account for the non-significant 

relationship between rank and infant survivorship.

The advantages of high rank, in terms of access to resources, may only manifest 

themselves under certain ecological conditions. When resources are moderately abundant 

and clumped, dominant animals may be able to exert priority of access to food, whereas 

when resources are sparse and dispersed, dominant animals may be unable to monopolise 

them (Sugiyama and Ohsawa 1982; Whitten 1983). If infant survival is related to 

maternal energy intake, then advantages may only be gained by dominant animals under 

particular conditions (Harcourt 1987; Bulger and Hamilton 1987).

The extension of Clark's (1978) 'local resource comptition' hypotheses (see Chapter 1) 

predicts that in female resident species such as baboons, high-ranking females will produce 

more daughters and low-ranking females will produce more sons (see Chapter 1; Silk 

1983; van Schaik and de Visser 1990). At Amboseli, an interaction between sex and rank 

in relation to infant survival was found (highest survival for daughters of high-ranking 

females and sons of low-ranking females), with a related bias in sex ratio (Altmann et al
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1988). However, no such pattern or bias was found at Gilgil (Smuts & Nicolson 1989). 

Other data suggest that this differential mortality may only occur under certain conditions. 

At Mikumi, Tanzania, Rhine et al. (1988) found that for infants bom when feeding 

competition was high, the daughters of low-ranking females had a significantly higher 

probability of mortality than those of high-ranking females, whereas no effect was seen 

at other times (see also Wasser and Norton 1993). A relationship between troop size and 

infant mortality may occur due to increased feeding competition between females (Stacey 

1986; Cowilshaw 1993) or increased social competition (Wasser 1983; Wasser and 

Starling 1988). Rhine et al. (1988) also found that for immature female baboons, 

mortality was higher when they were bom into a large troop. However, other studies 

have found no such relationship (e.g. Cheney et al. 1988). The number of surviving 

relatives, especially adult females, may also affect the survivorship of infants. In vervets, 

females with mothers in the troop were found to have more surviving offspring than those 

without mothers (Fairbanks and McGuire 1986).

Given the large number of potential interactions between these factors, direct predictions 

of the expected pattem of mortality are difficult to make. Social influences on infant death 

appear to be mediated by the ecological context, and in relatively harsh environments, it 

may be that this context is the primary determinant of survivorship.

4.3 INFANT MORTALITY DURING THE STUDY PERIOD

Between August 1993 and August 1994, 14 infants were bom (2 in PHG, 3 in MLK and 

9 in STT) of which 9 died or disappeared (2 in MLK and 7 in STT). Another 4 infants 

who were bom before August 1993 also died or disappeared (1 in PHG, 2 in MLK, 1 in 

STT) (see Table 4.1). All the infants who disappeared were under one year old and did 

not disappear with their mothers. As transfer of lone infants has not been witnessed and 

free-living baboon infants are not capable of independent survival, those who disappeared 

were therefore considered as having died (Altmann 1980, Rhine et al. 1980). If an infant 

disappeared, then date of death was taken as the mid-point between the date that the
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infant was last seen and the date on which the mother was observed without the infant. 

Ten of the thirteen infants who died did not survive past 2 months of age, illustrating the 

high mortality characteristic of early infancy (see e.g. Koyama et al. 1992).

Table 4.1: Infant deaths during the study period.

Troop Mother
Infant

Infant Sex
Date of 

Birth

Date of 

Death

Age at 

death (d̂ >
Fate?

PHG DL IB F 26/6/93 13/1/94 201 dis.2

MLK DE IT F 1/7/93 6/2/94 220 dis.

RM' RY M 10/7/93 26/8/93 49 died

AA AV M 27/12/93 10/2/94 45 dis.

MC MU F 10/2/94 25/3/94 43 died

STT LZ' LR M 21/6/93 5/8/93 45 died

DN' DM M 4/9/93 6/9/93 2 died

KY' - M 4/9/93 14/9/93 10 died

NI NN F 21/9/93 28/10/93 37 died

DK DQ M 12/10/93 26/3/94 165 died

WT' WA M 9/12/93 7/1/94 29 died

SC SS F 13/2/94 17/3/94 32 dis.

AM' - M 3-4/3/94 7/3/94 3 dis.

' Insufficient behavioural data collected for analysis (see Chapter 2) or infant bom before behavioural 
data taken in troop.  ̂dis.=disappeared,  ̂Age at death in days.

It is difficult to determine the cause of infant death; mothers have been observed to carry 

the corpse of infants but this is not always the case, and when an infant disappears, the 

possibility of predation cannot be ruled out. However, it should be noted that only in one 

case, DL (see Section 2.2), was the infant classed as healthy before disappearance and in 

no case was the mother injured when first seen without her infant. DE, SC and AM had 

all been observed to leave their infants behind them and were presumed to have 

abandoned them at some stage.
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4.4 EFFECTS OF TROOP, INFANT SEX, RANK AND PARITY

Infant survival does not appear to be related to troop membership, infant sex, maternal 

rank (high/low; see Chapter 6 for details) or maternal parity (primiparous/multiparous), 

although the sangle size is very small (infants bom during the study period: Fisher's Exact 

Test: infant sex: p=0.420; rank: p=0.360; parity: p=0.495; (cell counts were too small for 

Chi-Squared test on troop); all infants: Chi-Squared: troop: %̂ = 3.098, df=2, p=0.213 

(although in some cells the expected count was below 5 and this result should be treated 

with caution); Fisher's Exact Test: infant sex: p=0.196; rank: p=0.202; parity: p=0.373). 

Infants were only included in the analyses as 'survivors' if they were older than 9 months 

by the end of the study period. The data set is too small to partition in order to investigate 

interactions between factors.

Deaths were not evenly distributed throughout the study period (Kolmogorov- Smirnov: 

Dn^= 0.385, n=13, p<0.05). All deaths occurred in the extended dry season, when rainfall 

and biomass measures were lowest (see Fig. 4.1 ; Chapter 2)(Median test, dry months vs 

wet months: n=13, p<0.001). During the study, 3 females miscarried, one after an attack 

(JO (PHG); see Section 2.2) and the other two for unknown reasons (KE (STT) and OR 

(PHG)). These miscarriages were all near full-term and also occurred during the dry 

period.

The lack of any clear associations between rank, troop, infant sex or maternal parity and 

infant mortality, and the clustering of infant deaths in the dry season suggests that infant 

mortality was related in some way to the conditions experienced by females in a period 

of relative food scarcity. The following sections examine the possibility that energy 

balance and body reserves were the cmcial factors in determining infant survival. If so, 

mothers whose infants died may have been unable to sustain their infants through lactation 

without incurring severe costs to themselves and were therefore curtailing investment, 

either through abandoning their infant or by producing insufficient milk.
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Figure 4.1 : Infant deaths and female miscarriages during the study period.
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4.5 TIME ALLOCATION IN RELATION TO INFANT SURVIVAL

4.5.1 Activity budgets

Behavioural data for mothers during the first month of infant life are available for 5 

females whose infants died. Although analysis of time budgets for months 2-8 shows no 

significant differences between females with surviving infants and those whose infants 

died, sample size is small (N:s 3). Table 4.2 compares the activity budgets of these 

females with the mothers of surviving infants.

Table 4.2: Activity budgets (%) in month 1 for females of surviving infants and females

A c tiv ity Infant su rv ived  (N=6) Infant d ied  (N=5)

Feed 34.38  (18.82-48.39) 19.36 (19.35-33.87)

Forage 9 .68  (0.80-10.97) 3 .8 6  (2.69-9.67)

Move 15.13(7.26-24.51) 23.50(18.55-34.09)

Rest 21.58  (10.97-41.53) 17.20 (9.67-35.02)

Social 17.55 (2 .59 -27 .44 ) 17.20 (7.53-33.33)

There were no significant differences in activity budgets between mothers, although the 

difference in moving time approached significance (Mann-Whitney: n=6=5: feed: z = 

-1.464, p=0.143; forage: z =-0.548, p=0.584; move: z =-1.658, p=0.097; rest: z = 

-1.095, p=0.273; social: z = -0.548, p=0.584). However, Table 4.2 includes data from 

one female whose infant survived the immediate postnatal period (DK; infant death at 165 

days see Table 4.1). If, as suggested by Allen et al. (1991) for humans, lactational 

performance is determined during this time (the first month postpartum), low levels of 

food intake during this period could adversely affect the establishment of sufficient milk 

production. Thus, if infant death in the immediate postnatal period is related to low levels 

of milk intake, then maternal energy intake in the first month may have been too low for 

mothers of infants who died in this period, and lactational output was not established.
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Removing DK from the data set leads to increased significance in the differences between 

feeding times and moving times (Mann-Whitney: n=6=4: feed: z = -1.711, p=0.087; 

move: z = -1.919, p=0.055). Thus, mothers whose infants died in the postnatal period 

appear to feed at lower levels in the infant's first month than mothers whose infants 

survived this period. Whether the differences between mothers in feeding translate into 

tangible differences in milk output is unclear but it is likely that the infants who died in the 

first two months of life had been receiving too little milk for survival.

There were no significant differences in activity budgets by infant age when looking at 

time relative to troop baseline (the mean activity budget for non-lactating females/matched 

controls in the same month; see Section 3.5.2). However in the first month of life, 

mothers of infants who did not survive were spending more time moving and more time 

feeding relative to baseline compared to mothers of infants who survived (see Fig. 4.2). 

This again suggests that mothers whose infants died faced the first month of infant life in 

a period of low food availability, and that even though feeding time was increased over 

the level of the troop baseline, median total feeding time was still lower than that for 

mothers of surviving infants. The increased moving time above baseline may reflect and 

increase in time devoted to foraging or moving between food resources.

The above results, combined with the fact that mothers appear to be drawing on their 

body reserves (Section 3.5.2), suggest that the critical period may be that immediately 

preceding infant death. If mothers have reached a level at which a certain amount of 

feeding time is vital to continue lactation, then females whose infants die may be failing 

to reach that threshold. If the activity budgets of mothers in the month before infant death 

are compared with the median for mothers of surviving infants of the same age, then the 

differences in foraging and in moving times approached significance (Wilcoxon Matched- 

Pairs, n=7: feed: z = -1.183, p=0.237; forage: z = -1.859, p=0.063; move: z = 1.859, 

p=0.063). Although the difference in feeding time was not significant, mothers whose 

infants died were feeding below the baseline for mothers of infants of the same age in 6 

out of 7 cases. Thus, mothers whose infants died appear to feed and forage for less time
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Figure 4.2: Maternal time budgets in the infant's first month (medians).
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and move for more time in the month before death than mothers of surviving infants of 

the same age (Fig. 4.3).

4.5.2 Energy expenditure

The higher percentage of time spent moving by these females suggests two things; firstly, 

that they are having to travel further to find food, and secondly that energetic demands 

are being raised further because of increased travel costs (e.g. Coehlo 1986; Lee and 

Bowman 1995). Using the values given in Coehlo (1986) to calculate Daily Energetic 

Expenditure (DEE), with the cost of lactation being assumed to raise metabolic rate by 

a factor of 1.5 (see Portman 1970; Coehlo 1984) and an active day of 11 hours, a crude 

estimate of the differences between mothers can be made.

DEE was estimated from point sample data by the equation:

DEE (kJlday )=ZD„. PT

adapted from Coehlo (1986) and Stacey (1986)

where D^=energy cost of activity a (kJ/kg°^Vmin), W=body weight (kg) and Tg=amount 
of time spent performing activity a. The energetic costs were taken from Coehlo {op. 
cit.): resting was taken as 0.293 kJ/kg°^Vmin; feeding and social behaviours as 0.503 
kj/kg075/rnin and moving as 2.224 kJ/kg°^Vmin. Energy expenditure for the 'inactive' 13 
hours was taken to be basal metabolic rate, 0.204 kJ/kg°^Vmin. Body weight was taken 
to be 13.01 kg (see Chapter 3).

In the first month of life, this equation gives an average energy expenditure of 8057 

kJ/day (8345 kJ/day excluding DK) for mothers of infants who died, compared to 6536 

kJ/day for mothers of infants who survived. The difference was not significant when DK 

was included in the data set (Mann-Whitney; z = -1.643, n=6=5, p=0.100), nor when she 

was removed, although the significance of the result improved (Mann-Whitney: z = 

-1.706, n=6=4, p=0.088). These values for DEE can be compared to the energy intake
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Figure 4.3: Maternal time budget in the month before infant death (medians).
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estimate of 7242 kJ/day for lactating females at the same field site (Barton 1989; p.217), 

and they suggest that females whose infants died may have been in energy debt. The 

average DEE in the month preceding death was 7962 kJ, again higher than the average 

intake given in Barton (1989). The difference between DEE in the month before death 

and the average for mothers with surviving infants at the same age was not significant, 

although DEE did tend to be higher in th month before death (Wilcoxon Matched-Pairs: 

z = -1.690, n=7, p=0.091 ).

Although conditions may have changed between the present study and that of Barton 

(1989) (see below), the difference between females indicates that small differences in time 

budgets may have led to significantly different energetic expenditure and hence energy 

requirement. Infants appear to have died when their mothers were in energy deficit. The 

difference in time spent moving (possibly because of the need to travel further for food) 

contributes most to expenditure differences and suggests that the ecological conditions 

faced at month 1 and the month before death may have differed (see also Lee and 

Bowman 1995).

4.6 THE ECOLOGICAL CONTEXT OF LACTATION

4.6.1 Environmental conditions

Both total herb-layer biomass and rainfall are marginally higher in the first month of life 

for infants who lived in comparison to infants who died, but these differences did not 

reach statistical significance (rainfall: mean(,iygj)= 17.49 (sd=36.80), mean(dicd>= 10.25 

(sd=18.18): t = -0.63, df=23, p=0.534; total biomass: meanq;ygj)= 38.33 (sd=15.56), 

mean(died)= 37.41 (sd=12.76): t = -0.16, df=23, p=0.872) (data on green biomass and tree 

food index are not available for infants bom before August 1993). However, this includes 

data for infants who survived the postnatal period, and lived for up to 8 months. If infants 

who survived past two months are compared with those who died within that period, then
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the difference in rainfall approached significance (mean(,iygd)= 33.70 (sd=54.62), mean(jyed)=

7.0 (sd=15.49), t = -1.87, df=20.01, p=0.076 (corrected for unequal variances)). 

Differences in total biomass were not significant (t = -1.03, df=25, p=0.314), although 

biomass was still higher in the first month for infants who survived the postnatal period. 

Thus, it appears that mothers of infants who died experienced lower rainfall and 

marginally lower food availability in the first month of life than mothers whose infants 

lived.

For infants who survived the first month of life, total biomass and rainfall were, on 

average, slightly lower in the last month of life than in the months before, although these 

differences were not significant (rainfall: months prior to death, mean=6.53 (sd=7.28), 

month of death, mean=4.90 (sd=3.29), paired t-test: t = -0.580, df=9, p=0.575; biomass: 

months prior to death, mean=30.91 (sd= 14.80), month of death, mean=29.22 (sd= 12.68), 

paired t-test: t = -0.420, df=9, p=0.687).

There is evidence that the timing of births is an important determinant of infant survival 

(Rhine et al 1989; Martin 1995; see Section 4.10). The infants who died in the postnatal 

period appear to have been bom in drier months than those who survived and this 

difference may have affected their mothers lactational output, not only due to decreased 

food availability, but also due to the decrease in water availability. Evidence from humans 

and other mammals (e.g. humans: Prentice et al 1984; Grevy's zebra, Equus grevyi: 

Becker and Ginsberg 1990) suggests that water intake is also important for the 

maintenance of lactation, and lower levels of water availability may have also contributed 

to lower milk production.

The above results show trends which suggest that the combined effects of low resource 

availability and increased energetic demands due to moving may be an important 

determinant of offspring survival; small-scale differences in behaviour in the critically 

important first month of life appear to contribute to the failure of some females to raise 

their infant. However, the small sample size means that at present this can only be a
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tentative suggestion.

4.6.2 Maternai feeding

It has been suggested that dietary diversity is related to infant survival. Rhine et al.

(1989) have shown that in yellow baboons, mortality was low when diversity was high. 

Although the relationship between dietary diversity and food availabihty is not clear, it is 

likely that this relationship is the result of increases in resource availability rather than 

diversity per se. At this site, it was found that dietary diversity was positively correlated 

with rainfall measures, reaching its lowest towards the end of the August-October dry 

season, although this result was not significant (Barton 1989, Fig. 5.1, p. 155). Although 

the relationship between diversity and rainfall is not straightforward, if mothers of infants 

who died were experiencing drier conditions than other mothers then it may be expected 

that their diet was less diverse.

The Shannon-Weiner index (see Magurran 1988) was used to assess dietary diversity, 

using the equation:

^=-2p,(log^,)

where p=the proportion of time spent feeding on food type i. H tends to zero as diets 
become less diverse.

Sixteen categories of food type were distinguished based on those used in Barton (1989). 

These were. Acacia seed/pods. Acacia flowers, grass blades, grass seedheads/flowers, dry 

seeds, other leaves, other flowers, succulents, fruits, bases, aloes, roots, exudate, animal 

matter, other (human food/dirt etc.). There were no significant differences in diversity 

index between mothers by month or by infant age. However, sample sizes are small for 

each month. Mothers of infants who died had an average diversity of 1.13 (sd=0.24), 

while the average dry season diversity for mothers with surviving infants was 1.40 

(sd=0.15). The difference between these groups was highly significant (Mann-Whitney:

113



z -  -2.705, n=7=12, p=0.007), and remained so when only infants under 12 months are 

considered (Mann-Whitney: z -  -2.199, n=7=8, p=0.028). It seems unlikely that mothers 

of infants who did not survive were concentrating on preferred food items, and this result 

suggests that the conditions during lactation for these mothers were less favourable than 

the general situation during the dry period.

Figure 4.4 shows the percentage of total feeding time for food types for mothers whose 

infants died compared with mothers whose infants lived. Only food types which 

contributed more than 0.5% of total feeding time are shown and data for surviving infants 

are only taken from the dry season. Females with surviving infants spent a significantly 

larger proportion of their feeding time eating fruits, roots, stem bases and exudate than 

mothers whose infants did not survive (Mann-Whitney: n=7=12: fruit: z -  -2.132, 

p=0.033; roots: z -  -2.302, p=0.021; stem bases: z = -2.195, p=0.028; exudate: z = 

-1.961, p=0,050). The difference in percentage of total time spent feeding on grass 

blades/foliage approached significance (Mann-Whitney: n=7=12: z = -1.691, p=0.091). 

In the month preceding infant death, mothers still appear to spend less of their total 

feeding time eating roots and grass blades than mothers of surviving infants at the same 

age (Wilcoxon Matched-Pairs, n=7: roots: z -  -2.197, p=0.028; grass blades/foliage: z = 

-1.690, p=0.091).

These differences in feeding most probably reflect differences in availability. It has been 

shown at Chololo that, in general, variation in intake of a food type is positively correlated 

with variation in the biomass of that food type (Barton 1989). Therefore, the drier 

conditions faced by females whose infants died may be reflected in their diet: grass blades, 

fruit, roots and stem bases may have not been available to them, and this alone could have 

caused the differences seen in Figure 4.4. The importance of water availability to both 

adult and infant survival (Wrangham 1981), and water content in diet selection (Barton 

1989) have been demonstrated. Wrangham and Waterman (1981) suggest that high 

condensed tannin concentrations in foods may influence water requirements and it may 

be that as water appears to be less available to mothers whose infants died, they avoided
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certain 'high tannin' foods. During this study free-standing water was not readily available 

during the dry season, and the roots and stem bases eaten by females with surviving 

infants may have represented an important source of additional water. Silk (1986) has 

identified that grass blades are relatively easy to process, and the low levels of feeding 

time for these items for mothers whose infants died may also reflect an increase in the time 

spent processing foods (and a decrease in the time spent actually ingesting). Garber 

(1984) has also proposed that tree exudates may be utilised by females during late 

gestation and lactation to offset mineral inbalance. He has shown that exudate is high in 

calcium, as well as being high in protein, carbohydrates and water. Again, the lower level 

of feeding on exudates may represent a real nutritional difference between mothers of 

surviving and non-surviving infants.

However, it is not clear to what extent the difference in time spent feeding on different 

food types reflects differences in dietary quality. Phytochemical analyses of the foods 

eaten at Chololo have shown that there is no direct relationship between food quality ratio 

(protein/(fibre+condensed tannins)) and plant parts (Barton 1989). Protein content and 

gross energy values were obtained for a subset of the foods eaten by baboons during this 

study (see Appendix I). Several studies have shown that feeding time does not accurately 

reflect intake rates (see e.g. Deutsch and Lee 1991) and although data on bite rates were 

collected during this study, they were insufficient to characterise individual females' diets 

or to cover a wide range of the foods eaten. (When the criterion of a miminum of 15s per 

sample and a minimum of 10 separate samples per food from at least 5 individuals was set, 

average intake rates could be calculated for only seven of the top 30 foods, ). Due to 

differences between individuals, multiplication of feeding time by intake rates averaged 

over female, troops and food types would only serve to produce somewhat dubious 

estimates of energy or protein intake. Therefore, detailed analyses of individual daily 

intake are not undertaken here.

The data presented in Appendix I can be compared to previous nutritional analyses of 

baboon foods at Chololo for 23 different food items (when more than one sample was
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available in Barton (1989) the average value for the samples was taken: see also Barton 

et al. 1993, Appendix 1, pp. 14-16). There were no significant differences between the 

two studies in either water or protein content, although the protein content was lower in 

13 out of 22 of the samples analysed in this thesis (Wilcoxon Matched-Pairs: water: z = 

-1.003, n=23, p=0..316; protein: z = -1.834, n=22, p=0.067). Barton et al. (1993) 

similarly found no major differences between nutrient content between nine plant foods 

common to both Amboseli and Chololo. If only foods collected in dry months during this 

study are con^ared to the previous Chololo study, there was no significant difference in 

terms of water content; however, the difference for protein again approached significance, 

with the dry samples in this study having less protein in 6 of the 7 samples (water: z = 

-1.540, n = 8, p=0.124; protein: z = -1.690, n=7, p=0.091). In contrast, there were no 

differences for foods collected in the wet months (water: z = -0.170, n=15, p=0.865; 

protein: z = -0.682, n=15, p=0.500). During Barton's (1989) study there was 580mm of 

rain, as compared to 454mm during this study (August 1993-August 1994), suggesting 

that water availability may affect food content. If it is the small-scale differences in 

ecological conditions that contribute to infant mortality risk, then this result suggests that 

the inaccurate estimate of intake made by averaging intake rates over food type and 

individuals, would only be compounded by averaging food compositions. Thus, although 

there were differences in feeding by food type between mothers, the extent to which this 

reflects real differences in nutritional intake cannot be determined. The food types eaten 

by mothers whose infants died cannot be characterised as poor quality' and these results 

indicate that factors additional to diet composition may have contributed to infant 

mortality.

4.7 MATERNAL BODY CONDITION

Mothers have been shown to decrease in body condition over the course of lactation, and 

it was suggested that they were drawing on body reserves in order to maintain milk 

production (Chapter 3). If mothers of infants who died are failing to sustain milk 

production through their own energetic intake, then it is possible that they would have to

117



draw more on their reserves than mothers of surviving infants. Thus it may be expected 

that mothers whose infants died would be in poorer condition than mothers whose infants 

survived. However, there were no differences in condition score in the first month of 

infant life (Mann-Whitney: z -  -0.087, n=5=7, p=0.931). This analysis includes mothers 

of two surviving infants in PHG, who were shown in Chapter 3 to have been in better 

condition through lactation than females in both STT and MLK. However, excluding 

these two females from the analysis does not lead to any significant difference in the first 

month of life (Mann-Whitney: z -  -0.224, n=5=5, p=0.S23). Condition in the month 

before death was not significantly different from the troop average for mothers of 

surviving infants of the same age (Wilcoxon Matched-Pairs: z = -1.183, n=7, p=0.237).

The possibility that females whose infants lived were in better condition during pregnancy 

than females of infants who died or females who miscarried can also be investigated. 

Differences in condition in the month before birth were not significant when looking at live 

births (Mann-Whitney: n(,jyej)=4, n(diej)=5: z -  -0.371, p=0.711), nor for miscarriages 

(Mann-Whitney: nqjygj)=4, n̂ miscanyr̂ : z = -0.357, p=0.721), although sample sizes were 

small.

These results suggest that either there were no differences in the level of body reserves 

between females who successfully raised an infant and those who did not, during either 

lactation or pregnancy, or that the body condition index used in this study is not sensitive 

enough to detect any differences. However, in the above analyses it should be noted that 

condition scores have been derived while infants were still alive. That mothers of infants 

who did not survive may have been drawing heavily on body reserves is indicated by the 

fact that they were in significantly worse condition in the month following infant death 

than when lactating (Fig. 4.5: Wilcoxon Matched-Pairs: z -  -2.366, n=7, p=0.018). This 

suggests that infants died when the mothers were undergoing a sudden deterioration in 

body condition and that infant death occurs immediately before the mother drops below 

the 'threshold' at which they are unable to draw any further on body reserves.
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Figure 4.5: Body condition for females before and after infant death.
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4.8 INFANT ACTIVITY BUDGETS

4.8.1 Time at the nipple

There were no significant differences in overall time spent on the nipple between infants 

who died and infants who survived at any month of life, although infants who died did 

spend more time on the nipple from months 2-6 (Fig. 4.6; sample size as in Table 4.3). 

When time on the nipple was conpared between infants in the month preceding death and 

the median for infants who survived at the same age, the difference was highly significant 

(Wilcoxon Matched-Pairs: z = -2.337, n=7, p=0.018). Infants who died spent longer on 

the nipple in the month before death than infants of the same age who survived. Time on 

the nipple does not necessarily reflect the amount of milk that is transferred to an infant 

(Mendl and Paul 1989), and in red deer increased suckling frequency could be related to 

a decrease in milk availability (Loudon et al. 1983). Although this study did not evaluate 

suckling bout length or frequency, it is suggested here that the increased time spent on the 

nipple by infants in the month immediately before death was a response to a decrease in 

available milk. Infants who died appear to be attempting to obtain more milk than the 

mother was able to produce.

4.8.2 Play

Marsh (1992) found that in 'poor' months, younger infants spent more time near their 

mothers and less time exploring (solo play). Although infants who died were not 

significantly more in contact with their mother at any age, they did spend more time within 

arm's reach in the first month of life (Mann-Whitney: z = -2.115, n=5=6, p=0.003). 

Indeed, infants who died were not recorded as beyond arm's reach on any point sample 

during the first month, whereas surviving infants were recorded past this boundary 

(medianj^ = 99.53 (range: 97.18-100.00); median ĵ ĵ = 100.00 (all infants 100.00)). No 

differences between infants in time spent in either solo play or play were found at any age. 

However, in the month before death, infants were playing less than the average for
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Figure 4.6: Median percentage o f  time on the nipple by infant age.
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surviving infants at the same age in 5 out of 6 cases for both solo play and play, although 

the difference approaches significance only for play (Wilcoxon Matched Pairs n=6: solo 

play: z -  -1.572, p=0.116; play: z -  -1.782, p=0.075) (data excluded if infant is out of 

sight for more than 25% of their mother's focal or if less than 90 min data was collected, 

see Chapter 3). If play can be regarded as an indicator of habitat quality (e.g. Barrett et 

al 1992; Sommer and Mendoza-Granados 1995; see Chapter 5), then this result supports 

the argument that infant deaths appear to be associated with a period of low resource 

availability.

4.8.3 Independent feeding

Infants below four months of age do not make a significant contribution to their own 

energetic demands. In this study, the amount of time spent feeding is still low for infants 

under 8 months (mean(s„rvivinginfants) = 14.6%; see Fig. 3.18). Sample size for infants who 

died after 2 months are small (N^3), and there were no significant differences in feeding 

time in any month or in the month before death. Table 4.3 shows the time spent feeding 

and foraging by infants (data excluded as above).

Table 4.3: Percentage of time spent feeding and foraging by infants. (Values are 
medians).

Infant Age % time feeding % time foraging N

(in months) Lived Died Lived Died Lived Died

1 0.0 0.0 0.0 0.0 6 5

2 0.0 0.0 0.0 0.0 6 3

3 0.2 0.0 0.0 0.0 6 2

4 1.6 0.0 0.0 0.0 8 2

5 1.4 0.8 0.0 0.0 7 3

6 4.2 3.3 1.3 0.0 7 3

7 6.8 11.8 1.0 1.7 8 1

Thus, it appears that infants who died are experiencing a decrease in milk intake in the
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month before death (as indicated by time on the nipple) and this is related to decreased 

levels of play and an increase in the amount of independently obtained energy. The 

difference between infants who died and those who lived appears to be related to the 

lower levels of feeding by their mothers and a difference in the quality of available 

resources over the early stages of lactation.

4.9 FEMALE REPRODUCTIVE HISTORY

4.9.1 Survival of the previous offspring

The fate of an infant has a significant effect on subsequent reproductive investment 

(Harcourt 1989b). The immediate past history of mothers was examined to determine 

whether there were differences which could be related to infant survival. The difference 

in the interval between the birth of this offspring and the birth of the previous offspring 

for mothers of infants who died and those who lived approached significance 

(meaii(ij^)=714.70 days (sd=247.06), mean^di )̂=897.33 days (sd= 174.02); t = 2.03, df=20, 

p=0.056). As interbirth interval (IBI) has been shown to be shorter following an infant 

death (Altmann et al. 1977; 1978; Paul and Thommen 1984; Smuts & Nicolson 1989; 

Zinner et al. 1994), this suggests that mothers of infants who died may have been more 

likely to have had a previous offspring who survived (Martin 1995).

Looking at the fate of previous offspring shows that mothers of infants who died were 

more likely to have successfully reared their last infant than mothers of infants who 

survived. Of the 12 multiparous mothers whose infants died, 11 of them had a previous 

infant who survived more than 12 months. By contrast, of the 10 multiparous mothers 

whose infants lived, only 5 had surviving infants (%̂  = 4.77, df=l, p=0.029). This 

becomes even more significant if only previous infants bom in 1991/1992 are considered 

(X^= 5.09, df=l, p=0.024).

If the fate of the previous offspring has such a strong effect on the survival prospects of
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the current one, then this leads to the question as to why mothers did not delay 

reproduction even longer. Figure 4.7 shows the total herb-layer biomass (g/m^) and 

rainfall for 1992 and 1993. It can be seen that biomass was considerably lower in 1992 

than in 1993, and the resumption of cycling after lactation has been shown to be related 

to food availability (Bercovitch and Harding 1993). If gestation length is taken as 180 

days (Smuts & Nicolson 1989), then the date of conception can be calculated. It should, 

however, be noted that gestation length is related to birth weight in many primates (see 

e.g. Dang et al 1992), which may itself be a critical influence on infant survival. Although 

gestation length has been shown to vary with maternal nutitional status (Silk 1986; Racey 

1991), the range for 24 livebom infants at Amboseli was 154-184 days (P. c. 

cynocephalus: Silk 1986), and the two extreme values both resulted in infant death after 

3 days. The range for the remaining infants was 164-183 days. Since both the maximum 

and the minimum gestation lengths resulted in the birth of non-surviving infants there is 

no reason to suspect that using a fixed gestation length biases the following results.

When all conceptions of infants bom in, or part of, the study are considered, there is no 

significant correlation between the number of conceptions in a month and herb-layer 

biomass or rainfall measures (biomass: r,= 0.186, n=15, p=0.507; rainfall: r,= 0.128, 

n=24, p=0.552; rainfall in the previous month: r,= -0.103, n=24, p=0.633; rainfall in that 

and the previous month: r^= -0.040, n=24, p=0.853). Again, green herb-layer biomass 

and tree food index are not available for periods before the start of data collection (see 

Section 4.6). Neither was the number of conceptions different in wet (rainfall>40mm) or 

dry months (Mann-Whitney: z = -0.520, n=18=6, p=0.603).

However, if the conceptions are divided into those which led to birth of a surviving infant 

and those which led to birth of an infant who died, then differences occur. The monthly 

number of conceptions of infants who died were significantly correlated with biomass (r, 

= 0.556, n=15, p=0.032), although correlations with rainfall measures were still not 

significant (rainfall: r,= 0.136, n=24, p=0.525; rainfall in the previous month: r, = -0.021, 

n=24, p=0.923: rainfall in that and the previous month: r,= 0.031, n=24, p=0.886). No
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Figure 4.7: Total biom ass and rainfall 1992-1993.
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significant correlations were found for conceptions of infants who lived (biomass: r,= 

-0.267, n=15, p=0.336; rainfall: r= 0.266, n=24, p=0.209; rainfall in the previous month: 

r=  -0.212, n=24, p=0.320: rainfall in that and the previous month: r= -0.054, n=24,

p=0.802).

This positive relationship with biomass and conception for mothers of infants who died 

suggests that they were responding to increased food availability (e.g. patas: Chism et al. 

1984; gelada: Dunbar 1984; baboons: Silk 1986; chimpanzees: Wallis 1995; humans: 

Leslie and Fry 1989). Mothers of infants who lived were more likely to have had a 

previous infant who died (see above), and were therefore more likely to have a shorter 

period of postpartum amenorrhoea than mothers whose current infant died. Altmann et 

at. (1978) found that when an infant died, females tended to resume cycling within 1 

month and become pregnant within 3 months. Lactation affects the resumption of cycling 

and the number of cycles to conception, most probably through the stimulus of suckling 

(Bongaarts 1983; Gomendio 1989; McNeilly 1995), and once an infant dies this stimulus 

is removed. Although body condition data are not available for this period, it is expected 

that females whose last infant died before 12 months would be in better condition than 

mothers who had previously raised an offspring, and it may be that they were therefore 

also less sensitive to prevailing conditions.

4.9.2 Reproductive parameters

The average interbirth intervals for mothers whose current infant died is considerably 

higher than that reported in a number of studies (in this study 897 days; 760 days: Strum 

& Nicolson 1989; 588 days (21 months): Rhine 1992; 742 days (26.5 months): Nicolson 

1982; but see Lycett 1995 for IBI of 1064 days (38 months) in mountain baboons, Papio 

cynocephalus ursinus). The low levels of food availability in 1992 may have led these 

mothers to delay reproduction, possibly by continuing to allow the infant on the nipple 

after the average period of weaning (Martin 1995) or by failing to meet a mimimum 

threshold (e.g. body fat:body weight) needed to resume cycling (e.g. Frisch 1978). That
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mothers may delay reproduction through extending lactation for longer than average or 

by manipulating suckling patterns has been found in rhesus macaques (Gomendio 1989), 

who related this to differences in maternal condition. Although anecdotal, data on the one 

mother who was cycling throughout the study period, DC (PHG), may add support to 

this. Figure 4.8 shows time spent on the nipple for DCs infant (BM) over the study 

period (August 1993-August 1994). As was shown in Figure 3.19, by the age of 13 

months, time on the nipple has usually decreased to around 5%. For DC/BM, the infant 

was not recorded on the nipple during the first 2 months of this study (age 12-13), but this 

increased above zero for all the remaining months of the dry season. For DC/BM, 

percentage of time on nipple is negatively correlated with all rainfall and biomass measures 

except rainfall in the current month (although this is in the predicted direction) (rainfall: 

r^= -0.369, n=13, p=0.215; rainfall in previous month: r,= -0.590, n=13, p=0.034; total 

biomass: r̂  = -0.915, n=l 1, p<0.001; tree food index: r^= -0.811, n=l 1, p=0.002). As 

'weaning' foods are less available in the dry season (flowers, green grass blades, new 

leaves; stem bases: Marsh 1992), older infants may be allowed to suckle for longer than 

normal to make up for the decreased energy available to them through independent 

feeding. Thus, in periods of low resource availability, mothers may inhibit ovulation, and 

further delay conception, through continued suckling (Martin 1995).

As conditions improve, infants spend less time on the nipple, maternal body condition 

increases, and thus ovulation is no longer inhibited. Mothers may also have better quality 

food available to them and as biomass increases they conceive again (chimpanzees: 

Nishida et a l 1990; baboons: Lycett 1995). Although the females in this study whose 

infants died may have been in relatively poor condition compared to the other females 

when they conceived, the long average IBI indicates that reproduction had already been 

delayed for some time. If environmental variables cue the resumption of fertile cycles, 

then the relationship found above suggests that it may not have been possible to delay 

reproduction further (Babbitt and Packard 1990b). Given that the costs of gestation are 

lower than those of lactation (Clutton-Brock et al. 1989) in highly variable environments, 

females may be balancing the risk of the current foetus not surviving against the risk that
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Figure 4.8: Percentage o f time on the nipple for DC/BM , age 12-24 months.
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interbirth interval would be extended for even longer.

To investigate the possibility of troop, age or rank effects on IBI the data were divided 

into two groups, based on the survival of the previous infant. Sample size is increased by 

one with the inclusion of JN (STT) who gave birth during the study period but whose 

infant was under 9 months at the end of data collection and therefore was not counted as 

a 'survivor'. One of the females, MC (MLK) whose previous infant lived, suffered a 

miscarriage in between births and therefore analyses are conducted including and 

excluding her data. There were no significant differences in IBI between troops (Kruskal- 

Wallis ANOVA: died: = 2.381, df=2, p=0.340; lived(j„c.MC)- H" = 0.492, df=2, p=0.7S2;

lived(„c.Mo- = 0.782, df=2, p=0.677). Analyses by female age were conducted 

separately for MLK/PHG (where female ages are known) and STT. In STT the age at 

which an individual started cycling is taken as a relative measure of absolute age. 

However two females (MA and NI) were adults when the troop was first habituated and 

therefore analyses are conducted firstly, excluding them and then including them, with an 

arbitrary age of 10 years since sexual maturity. Sample sizes were too small to conduct 

correlations between IBI and age/age at subadulthood for mothers whose previous infant 

died.

There were no significant correlations between either age (MLK/PHG) or age at sexual 

maturity (STT) and interbirth interval (Fig. 4.9-4.10: Spearman's rank: MLK/PHĜ ^nc MC): 

= 0.144, n=7, p=0.758; MLK/PHG(exc.MC)’ 0.145, n=6, p=0.784: STT̂ ĝ g MA&Ni)'

= -0.148, n=8, p=0.727; STT(j„c.MA & ni) • = -0.369, n=10, p=0.294). Combining data

from the three troops, females were divided into two groups, young (<13 years old/<8 

years since maturity) and old (13+ years old/ 8+ years since maturity). There were still 

no significant age differences in IBI (Mann-Whitney: livedq̂ cMC): z = -0.439, n=10=7, 

p=0.660; lived(„c.MC)- z = -0.706, n=10=6, p=0.481 ; sample sizes too small for died). 

These results contrast with those found by Strum and Western (1982) where interbirth 

interval showed a U-shaped relationship with age and it may be that the small sample size 

in this study mask the effects of female age on reproductive parameters (see Chapters 1
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and 5).

However, the difference between high- and low-ranking females' IBI did approach 

significance for females whose previous infants survived when MC was excluded from the 

data set, whereas there was no difference by rank when the previous infant died (Mann- 

Whitney: died: z -  0.000, n=4=2, p=1.000; lived̂ inĉ Q: z -  -1.465, n=10=7, p=0.143; 

lived(„c.MC)' z = -1.748, n=9=7, p=0.081). Females in the top half of the hierarchy had 

shorter average IBIs after a surviving infant than females in the bottom half of the 

hierarchy. Table 4.4 shows the interbirth intervals for high- and low-ranking females, and 

although the difference only approached significance, it can be seen that the difference 

between both mean and median IBIs by rank is around 100 days.

Table 4.4: Mean and median interbirth intervals by female rank for mothers whose

Rank Mean Standard deviation Median (range) n

Low 972 111 978 (795-1120) 7

High (inc.MC) 889 175 885 (604-1251) 10

High (exc.MC) 870 174 878 (604-1251) 9

The lack of a rank effect on infant survivorship is perhaps surprising, given that Barton 

and Whiten (1993) found considerable differences in food intake between high- and low- 

ranking females. They showed that the three top-ranking females had a daily food intake 

30% greater than the three lowest-ranking females. This difference appears to translate 

into a shorter recuperative interval after lactation. This could be mediated through either 

inçroved nutrition during lactation and higher milk production/quality and hence higher 

infant growth rates and earlier weaning, or through a shorter period of post-weaning 

amenorrhoea due to a faster rate of return in condition/body fat:body weight ratio. The 

possibility of difference between high- and low-ranking females in milk production and/or 

quality is investigated in Chapter 5.
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4.10 SUMMARY

In this chapter, the differences between mothers whose infants lived and those who died 

were examined. It is suggested that the recent reproductive past of a female has significant 

consequences for the current offspring. In badgers, Woodroffe and McDonald (1995) 

showed that only females who were in relatively good condition bred successfully 

following a period when food availability was low, which masked any social effects on 

reproduction. In this study, it appears that the relatively poor period of 1992/1993 led to 

females who had raised an infant which survived for more than one year being less able 

to invest in their next infant due to low body reserves. The differences between females 

became apparent after the failure of the second rains. Although major differences in 

behaviour were not evident in the data, it is suggested that after a prolonged period of 

food 'scarcity', these mothers were more vulnerable to food stress. The lower amount of 

time spent feeding and the increased amount of time spent moving appear to have led to 

decreased energetic intake and increased energetic demands.

The dry conditions faced in early infant life affected mothers whose previous infant 

survived more severely than other females. It also may be that the females who miscarried 

did so because their current body reserves were insufficient to sustain lactation given the 

low energetic return from current biomass availability. The timing of birth has been 

shown to affect survival even in non-seasonal breeders (e.g. Rhine et al. 1988), and infants 

bom when conditions were relatively poor appeared to have a lesser chance of survival. 

The high mortality experienced by the infants during this study tended to mask the 

relationship between conception and food availability, whereas in the Drakensberg 

mountains, where infant survivorship was found to be high (=95% in the first year), this 

relationship was immediately apparent. Given a high probability of infant death, females 

at this site do not appear constrained to limit conceptions to periods of high food 

availability, and that only after raising an infant does the relative level of biomass influence 

conception time (see also Bercovitch and Harding 1993).
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Reproductive history has been shown to affect the survival of the current infant in humans 

and non-human primates (e.g. Barbary macaques: Paul and Thommen 1984; humans: 

Borgerhoff Mulder 1992). Fairbanks (1988b) has suggested that failure of the past 

reproductive effort may also cause mothers to increase the level of care in the current one 

and consequently have a longer interbirth interval. The results presented in this chapter 

suggest that mothers of non-surviving infants may simply have been unable to raise the 

level of care. The complex interaction of ecological and social factors which can influence 

infant survival means that the effects of female past history may be masked. It has been 

shown that rank can strongly influence infant survival when food is clumped and abundant, 

but when availability is low and food is dispersed, rank appears to have no effect 

(Sugiyama and Ohsawa 1982). In the latter case, it may be that immediate reproductive 

history becomes inportant, and small scale differences in conditions and behaviour which 

do not appear significant, when considered in relation to past investment may have a 

critical effect. Thus, in a short study such as this, important factors that help to determine 

the outcome of infant investment may not be witnessed. However, the results in Section

4.10 suggest that high-ranking females have shorter interbirth intervals after raising a 

surviving infant than low-ranking females (see also Packer et al. 1995 for similar result). 

Thus, it may be that the rank differences in food intake shown in Barton (1993) are 

translated into a larger lifetime reproductive output, via faster reproductive rates.

Wade and Schneider (1992) state that " [a] complete reproductive cycle of ovulation, 

conception, pregnancy, and lactation is one of the most energetically expensive activities 

that a female mammal can undertake" (p.235). The fact that females spend their lives 

constantly following this cycle means that in 'marginal' environments, even when cycling, 

females may have higher energetic requirements than expected due to the effects of past 

reproductive efforts. This may account for the pattern of feeding for mothers of surviving 

infants seen in Chapter 3. In baboons, each phase of reproduction has been shown to be 

sensitive to both environmental conditions and females nutritional status: cycling (e.g. 

Bercovitch and Strum 1993), pregnant (e.g. Silk 1986, 1987a) and lactation (Altmann 

1980). Thus, possible strategies of maternal investment will be dependent on both a
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female's current status and her lifetime reproductive history. In unpredictable 

environments, this means that females will have to be highly flexible to changes in food 

density and distribution. In this and in the previous chapter the need for such flexibility 

has been emphasised and related to the conditions faced by mothers during this study 

period. In the following chapter, variability in infant behavioural development is examined 

and the similar need for flexibility discussed.

134



5. THE TRANSITION TO INDEPENDENCE

5.1 INTRODUCTION

In this chapter the development of independence by infants is discussed, and the influences 

of social and environmental factors on development and maternal investment strategies 

are investigated. The attainment of independence has significant consequences for an 

individual in terms of future reproduction and survival (Nicolson 1987; Fairbanks and 

McGuire 1988; Altmann 1991; Pryce 1995). The rate at which an infant becomes self- 

mobile and nutritionally independent also has a direct impact on its mother's future 

reproduction (Chapter 4; Gomendio 1991). Firstly, the development of spatial 

independence is discussed (Section 5.2) and the transition from dependence on the nipple 

examined (Section 5.3). Secondly, these processes are addressed in terms of conditional 

access to the mother and conflict between the mother and infant (Section 5.4-5.5). 

Finally, infant behavioural development is discussed in relation to the constraints on both 

infants and their mothers (Section 5.6).

5.2 THE SPATIAL RELATIONSHIP

5.2.7 Development of the spatial relationship

Contact between the mother and infant is an important aspect of maternal care. Through 

contact females provide nutrition, transportation, safety from predators, a buffer against 

exposure, protection from conspecifics, socialization and a learning environment for their 

infants (e.g. Harlow and Harlow 1965; Altmann 1980; Pereira and Altmann 1985; 

Karssemeijer etal. 1990; Kraemer 1992; Marsh 1992; Martin 1995). Figure 5.1 shows 

the cumulative percentage of time in contact and at increasing distances from the mother 

by age for all surviving infants (sançle size as in Fig. 3.19). Percentage of time in contact 

is above 90% in the first two months of life and then decreases steadily until the infant is 

about one year old. Time in contact then levels out at between 15-20%. Time spent
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Figure 5.1: Infant position relative to the mother over infant age (medians).
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within arm's reach, 2m and 5m shows a similar decline over age.

The data are broadly in agreement with other studies of baboon mothers and infants (e.g. 

Altmann 1980; Nicolson 1982; Marsh 1992 but cf. Lycett 1995). Although the 

relationship between contact and infant age may be fitted by a linear regression, the fit is 

poor in later months, reflecting the fact that contact time levels out after around 12 

months. Following Altmann (1980), examination of the residual values from such a 

regression show that there is a tendency for individual infants to be more or less 

independent than others, indicating that there are individual characteristics that affect the 

development of spatial independence. Marsh (1992) found that juveniles up to 4 years 

of age still spent some time in contact with their mothers and showed that contact could 

best be described by a Gompertz sigmoid equation (see also Rasmussen and Tan 1992). 

Asymptotic curves also provide a better fit to this data set; however, since absolute 

differences between infants, and not deviations from a fit generated by the whole data set, 

are examined, these are not presented here.

In many months sample sizes for infants in different groups vary and Mann-Whitney tests 

or Kmskal-Wallis one way ANOVAs have been conducted for each month of age. 

Analyses were not conducted if total sample size was less than 5 and sample size in either 

group was less than 2 for Mann-Whitney tests, or if total sample size for Kruskal-Wallis 

ANOVAs was less than 6 (Siegel and Castellan 1988). When trends appear, Fisher's test 

for combined probabilities has been used to see whether these are consistent (Sokal and 

Rohlf 1981). Interquartile ranges are not shown on graphs, but whenever trends are 

reported statistical results are shown.

Table 5.1 shows how mothers were categorised for the investigation of the effects of 

season, maternal parity, maternal rank and infant sex. The distinction between 'wet' and 

'dry' season infants was made by dividing the data set into infants who were bom during 

the study period and infants who were bom before the study period. This provides 4 

months for which 'seasonal' effects can be compared between infants of the same age
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(months 8-11). Small sample sizes mean that partitioning of the data set was not feasible 

and possible interactions between factors may only be discussed qualitatively.

Table 5.1: Focal mothers: categories for analysis.

Troop I.D. Wet/Dry Season' Infant Sex̂ Parity^ Rank^

PHG DC D F F H

MY D F M L

YT W F M H

ZN W M M L

MLK MS - M F L

MV D F M H

NV W F M L

TE D M M L

ZL D F M H

S IT AL D M M L

CN D F M L

ES W M F H

MA W M M H

1. D=infant 8 months old during 'dry season', W= infant 8 months old during 'wet season'.
2. F=female, M=male.
3. P=primiparous, M=multiparous.
4. H=high, L=low (high-ranking females dominate at least 30% of the other adult females in the troop; see Chapter 6 for further 
detail of rank).

Several authors have identified different maternal 'styles', with females being categorised 

as either 'laissez-faire' or 'restrictive' (Altmann 1980; Berman 1980, 1990). 'Style' appears 

to affect the development of infant spatial independence as mothers differ in their 

contribution to approaches/leaves and contact transitions. In this study the concept of 

style is not addressed as an independent factor influencing the development of the spatial 

relationship for the following reasons: there are several factors that appear to be related 

to the style of mothering (rank: Altmann 1980; kin group size: Fairbanks and McGuire 

1988; Sinpson and Simpson 1986) and it has been suggested that differences in 'style' are 

manifestations of the interactions between these factors (Gomendio 1995). As the number 

of mother-infant dyads observed is small and there are only data from one reproductive 

event for each female, the value of a concept of 'style' as distinct from maternal and infant
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characteristics (such as parity and sex) is unclear, since it can only demonstrate that 

differences exist between mothers, without reference to the ultimate causes of these 

differences.

5.2.2 Factors influencing spatial independence

Contact in the first year may be seen as having two primary functions: nutrition and 

transportation. As infants grow, they become more of an energetic cost to their mothers 

in terms of carrying and lactational demands (Chapter 3), and mothers will want to 

promote spatial independence before these costs outweigh the benefits from contact to the 

infant and themselves. In this section, the factors that influence the percentage of time 

spent in contact with the mother are discussed.

No significant differences in contact time were found by troop, maternal age (see Section 

4.9.2) or maternal parity (cf. Wasser and Wasser 1995), although there were few 

primiparous females and it may be that the effects of parity have been confused with other 

factors. Data were also examined to see whether the presence of a grandmother, adult 

female kin or juvenile siblings had any effects on amount of time in contact, but no 

significant differences were apparent (cf. Fairbanks 1988; Silk 1991; Berman 1992). 

Troop membership and maternal parity also had no consistent effect on the amount of time 

spent at arm's reach, within 2m or within 5m.

Figure 5.2 compares contact time for infants who were 8 months old during the dry 

season and infants who were 8 months old during the wet season. Dry season' infants 

spent significantly more time in contact than 'wet season' infants (Mann-Whitney tests for 

months 8-11: 0.003<p<0.150; Fisher's test for combined probabilities: 25.19, df=8,

p<0.01). Dry season' infants also spend more time than 'wet' season infants within arm's 

reach, within two metres and within five metres (Mann-Whitney tests for months 8-11: 

within arm's reach: 0.005<p<0.220; Fisher's test for combined probabilities: 26.41,

df^8, p<0.001; within 2m: 0.003<p<0.500; Fisher's test for combined probabilities: =
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Figure 5.2: Median percentage of time in contact for 'wet' and 'dry'

season infants by infant age.
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25.57, df=8, p<0.01; within 5m: 0.003<p<0.390; Fisher's test for combined probabilities: 

24.46, df=8, p<0.01). These results suggest that drier conditions led to a slower rate 

of development of spatial independence, which may be related to the lower levels of food 

availability during dry months (cf. Marsh 1992; see below).

Figure 5.3 shows median contact time by infant sex. There is a significant trend for male 

infants to spend more time in contact with their mothers than female infants (Mann- 

Whitney tests for months 1-14 (after month 14, n^=l): 0.03<p<0.77; Fisher's test for 

combined probabilities: %̂ = 45.43, df=28, p<0.05). Males also spend more time within 

arm's reach (Mann-Whitney tests for months 1-14: 0.03<p<0.77; Fisher's test for 

combined probabilities: =44.16, df=28, p<0.05). However, the difference was not

significant for within two metres (Mann-Whitney tests for months 1-14: 0.02<p<0.64; 

Fisher's test for combined probabilities: %̂ = 37.39, df=28, p>0.05).

Although the infants of low-ranking females did not spend more time in contact or within 

arm's reach than the infants of high-ranking females, they did spend more time within two 

metres (Mann-Whitney tests for months 1-16 (after month 16, n,o^=l): in contact: 

0.01<p<0.87; Fisher's test for combined probabilities: 42.16, df=32, p>0.05; within

arm's reach: 0.05<p<0.94; Fisher's test for combined probabilities: = 41.99, df=32,

p>0.05: within 2 m: 0.03<p<0.76; Fisher's test for combined probabilities: 54.01,

df=32, p<0.001) (see Fig. 5.4).

The relationship between infant sex and the degree of spatial independence from the 

mother is unclear, with studies reporting conflicting results (e.g. Altmann 1980; Nicolson 

1982; Simpson 1983; Dunbar 1988; Clarke 1990). Table 5.1 shows that low-ranking 

females are over represented as the mothers of male infants, and these results may reflect 

an interaction between sex and rank (see below). The above results also suggest that there 

may be two processes occurring. Firstly, males spend more time in immediate proximity 

to their mothers, which is related to time at the nipple (see below). However, this 

increased contact and close proximity may also reflect a lower degree of 'meshing' of
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Figure 5.4: Median percentage o f time spent within 2m o f  the mother for

high- and low- ranking infants by infant age.
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maternal and infant behaviour (e.g. Dunbar 1988; Berman 1984; Clarke 1990), rather than 

increased maternal investment. Secondly, the infants of low-ranking females spend more 

time near their mother than infants of high-ranking females, but this is not related to 

differences in contact. This second difference may reflect the higher risk that infants of 

low-ranking females face from conspecifics (Wasser 1983; Wasser and Starling 1988; 

Simpson 1988; Maestripieri 1994a,b). This issue is addressed in Chapter 6.

Figures 5.5 and 5.6 show the rate at which the mother and infant make and break contact 

(sample size as in Fig.5.1). Infants initially break contact at low rates, which then rise 

rapidly in the third month before decreasing again. This pattern reflects the development 

of spatial independence, where an infant begins to explore its environment without leaving 

the mother for too long and then begins to make contact only for grooming, feeding or 

carrying. There is no difference between mothers and infants in the rate at which they 

break and make contact in the first month of life (Wilcoxon Matched-Pairs: break contact: 

z = -0.186, n=6, p=0.855; make contact: z = -0.365, n=6, p=0.715). Infants then make 

contact at significantly higher rates than the mother until month 17 (months 2 to 17: 

0.003<p<0.043; month 18: z = -1.604, n=4, p=0.109). After month 1, infants break 

contact at higher rates than their mothers until month 12 (0.005<p<0.280). After this time 

there is no significant difference between mothers and infants in the rate at which contact 

is broken. However, in nearly every month, mothers tend to break contact more 

frequently than their infants. Figure 5.7 presents the percentage of transitions above and 

below the two metre boundary that are due to the infant (sample size as in Fig.5.1). From 

the second month of life infants are responsible for most of the decreases in distance 

between mother and infant, but only become responsible for approximately half the 

increases in distance after 14 months. This indicates that infants are primarily responsible 

for the maintenance of proximity between themselves and their mothers at all ages after 

the first month of life (see also Nicolson 1987).

There were no consistent significant differences between dry and wet season infants, male 

and female infants, or infants of high- and low-ranking females in the responsibility for
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Figure 5.5: Median rate at which infant changes contact by infant age.
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Figure 5.7: Median percentage o f transitions in distance due to infant by infant age.
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approaches and leaves by infant age (Mann-Whitney: dry/wet: approach: 0.03<p<0.92; 

leave: 0.06<p<1.00; male/female: approach: 0.14<p<l.(X); leave: 0.11<p<1.00; high/low: 

approach: 0.03<p<0.86; leave: 0.03<p<1.00). These results suggest that the differences 

between infants in the amount of time spent close to their mother are not simply a result 

of differences in the relative contribution of mother and infant to changes in distance. 

Although infants are primarily responsible for proximity, the lack of a significant difference 

by age between the above categories shows that both partners in the dyad are contributing 

to increased levels of proximity.

5.3 TIME ON THE NIPPLE

5.3.1 Transition from nutritional dependence

In the first year of life, baboon infants make the transition from being nutritionally 

dependent on their mothers to supplying most of their own energetic needs. The timing 

and process of this transition has important life history consequences for both the infant 

(Altmann 1991) and their mothers (Altmann et al. 1978; Altmann 1983; Martin 1995). 

In primates, the relatively long period of maternal investment through lactation means that 

the period of'weaning' has been hard to define (Martin 1995). As shown in Figure 3.19, 

time on the nipple appears to decrease at a steady rate until around 8 months and then 

levels off at around 10% up to the age of 18 months. P.Martin (1984) distinguishes three 

phases of parental investment: an initial phase in which the infant is growing and parental 

investment increases, a second phase in which the rate of investment drops sharply, and 

a final low level phase, after the main period of investment. Martin identified weaning as 

the middle phase of rapidly declining investment (see also Counsilman and Lim 1985).

If lactation can be considered as the major form of maternal investment, then from Figure 

3.19, only the final two phases can be seen. This appears to be the case in several other 

mammalian studies (e.g. peccaries, Tayassu tajacu: Babbitt and Packard 1990a; gelada: 

Dunbar 1984; baboons: Altmann 1980), and may be related to the relatively poor
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nutritional conditions faced by free living animals as compared to captive animals and 

domestic stock. Thus, the 'weaning phase', as defined by Martin may not be applicable in 

this case. In this section, the transition away from dependence on the nipple is examined 

and differences between infants in the timing of this transition are discussed. The 

following two sections then address the issue of 'weaning' in relation to conditional access 

to the mother and conflict between the mother and infant.

The decline in amount of time on the nipple appears to be occur at a similar rate to other 

studies, although variation between individuals in each study appears high (see Lycett 

1995, Fig. 17, p. 106 for summary). However, the level of nipple contact contrasts with 

Marsh (1992) who found that mean time on the nipple had decreased to 6.7% by 6 months 

and had reached 1.8% of time by 12 months. In this study mean nipple time was 21.6% 

(sd=9.84) at 6 months and 4.98% (sd=8.67) at 12 months. This slower rate of decline 

may be accounted for by the relatively dry year in which this study was conducted; annual 

rainfall in Marsh's study was 690.4mm and 811.2mm in the preceding year, whereas 

rainfall from August 1993-August 1994 was only 453.7mm (1992: 296.7mm; 1993: 

398.8mm).

Babbitt and Packard (1990a) have suggested that milk transfer and female investment are 

related to the prevailing environmental conditions. In a study of peccaries, they found that 

age at weaning was significantly higher when mothers were fed on a poor quality diet 

(Babbitt and Packard 1990b; see also Hauser and Fairbanks 1988). This should be 

assessed in relation to studies which show shortened investment as a response to 

environmental degradation or stress (e.g. Lee 1984; Boinski and Fragazy 1989; see also 

Chapter 1). The lower levels of food availability in this study may have meant that 

'weaning' foods were less available than during Marsh's study or that maternal milk was 

of a lower nutritional content.

Dunbar and Dunbar (1988) have proposed that the loss of social time may ultimately 

precipitate weaning, when mothers are no longer able to service their social relationships,
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and thus determine the overall level of maternal investment. Social time does appear to 

be below troop 'baseline' levels in months 7-12 (Fig. 3.8) and the question as to whether 

or not this is a constraint on maternal investment is addressed in Chapter 6. However, it 

should be noted that the population in the Dunbar and Dunbar study experienced very low 

neonatal mortality rates (9% in the first 18 months, Dunbar 1984), and it may be that only 

in relatively rich or 'unstressed' habitats where early independence from the mother is 

possible (see Chapter 4), that social factors contribute to the development of nutritional 

independence.

Kruskal-Wallis one-way ANOVAs revealed no significant differences between the troops 

in the amount of nipple contact by infant age (cf. Wasser and Wasser 1995) and therefore 

data from all mothers are combined in the following analyses.

Time on the nipple was consistently higher for 'dry' season infants in months 8-11 (Fig. 

5.8 (sample size as in Fig.5,2)). This trend was significant (Mann-Whitney tests for 

months 8-11: 0.0345<p<0.22; Fisher's test for combined probabilities: 18.41, df=8,

p<0.05) and indicates that lower levels of food availability also led to a slower 

development of nutritional independence from the mother (see above; but cf. Lee 1984). 

The higher nipple times in 'dry season' infants may reflect a decrease in the rate of milk 

transfer or quality (Martin 1995) rather than a difference in the total amount of milk 

received over this period . They also lend support to the hypothesis that an adaptive 

mechanism exists that will regulate female fertility according to levels of food abundance 

(see Chapter 4; Bercovitch and Strum 1993; Martin 1995). If there is a threshold 

weaning weight (Lee et al 1991; Lee and Bowman 1995), then the poor quality resources 

available to the 'dry season' mothers may have meant that 'weaning' age had to be delayed 

due to slower growth rates (see also Chapter 3).

Marsh (1992) found that the age at which time on the nipple first fell below 10% (when 

investment levels out in this study) was negatively related to measures of biomass. 

Repeating this analysis (using only infants who had nipple times above 10% at the
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Figure 5,8: Median percentage of time for wet' and dry' season infants by infant age.
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beginning of the study) shows the same general relationship, although the difference was 

not significant in any case (Spearman's rank: total biomass: r,= -0.505, n=10, p=0.137, 

green biomass: r,= -0.267, n=10, p=0.457; tree food biomass: rg= 0.077, n=10, p=0.822; 

rainfall: r^= -0.501, n=ll, p=0.116, rainfall in the previous month: r,=  -0.413, n= ll, 

p=0.207). However, it is unlikely that the effects of increasing biomass are immediate and 

it is more likely that cumulative measures of production will be related to a levelling out 

of investment.

Figures 5.9 and 5.10 show time on the nipple by infant sex and maternal rank (sample size 

as in Fig.5.3 and Fig.5.4 respectively). Males spent more time on the nipple than females 

in 10 of the first 14 months of life, a trend which is highly significant (Mann-Whitney tests 

for months 1-14: 0.03<p<0.68; Fisher's test for combined probabilities: 51.94, df=28,

p<0.01). The infants of low-ranking females appear to spend more time on the nipple than 

those of high-ranking females after the initial period of high lactational investment (months 

1-7). However the difference after month 8 is not significant (Mann-Whitney tests for 

months 8-16: 0.022<p<0.72; Fisher's test for combined probabilities: %̂ = 28.37, df=18, 

p>0.05).

As maternal rank has been shown to affect the relative amount of investment in sons and 

daughters, it may be expected that the above results are in some way related. Figure 5.11 

a-d shows time on the nipple for infants by maternal rank and infant sex. The small sample 

sizes (N=l-3) mean that parametric ANOVA models are not appropriate. However, the 

data do show trends in the expected direction under the predictions of the Trivers and 

Willard (1973) hypothesis: the sons of low-ranking females spend more time on the nipple 

than their daughters, suggesting that there is a trend for low-ranking females to bias their 

investment towards sons. The daughters of high-ranking females also appear to spend 

more time on the nipple than the daughters of low-ranking females over the first year of 

life, after this period the trend is reversed. Gomendio (1990) showed that low-ranking 

rhesus macaques with daughters always failed to reproduce the following year, and related 

this to increased suckling frequencies, and hence lactational amenorrhoea. It is possible
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that this is the case in this study, with low-ranking female infants suckling more in later 

life than high-ranking infants and therefore increasing their mothers' interbirth interval 

(Chapter 4).

5.3.2 Suckling time in relation to birth intervals

Only five of the mothers in this study had conceived by April 1995 (DC, CN, NV, RM, 

TE and ZL) and therefore differences in suckling patterns could not be related to 

differences in interbirth interval at the time of writing. Table 5.5 shows the interval 

between birth and conception for these five females. The confounding effects of parity, 

season, rank and infant sex mean that few conclusions can be drawn from this data. DC 

who was primiparous, had the longest interval to conception, followed by ZL, the oldest 

female.

Table 5.5: Interval between birth and conception (in days) for mothers.

I.D. Interval to conception Age* Infant Sex^ Parity^ Rank'*

CN 636 Y F M L

DC 733 Y F F H

NV 439 Y F M L

TE 691 0 M M L

ZL 721 0 F M H

'O=old, Y=young (as in Chapter 4), •̂̂■‘‘as in Table 5.1.

However, most females had resumed cycling by this time and it is possible to examine the 

length of postpartum amenorrhoea in relation to maternal characteristics. Only MS 

(MLK) had not resumed cycling, and as she was the last 'mother' in this study to give 

birth, it is not thought that her exclusion from the data set would cause any obvious bias. 

MS was primiparous and since primiparity is assumed to have its own cost in terms of 

reproduction (e.g. Reiter and Le Boeuf 1991), all analyses were conducted both with and 

without primipares. There were no significant differences in the length of amennorhoea
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between females by troop, rank or infant sex (Kruskall-Waliis ANOVA: troop̂ î̂ hpnmipams): 

f  = 0.357, df=2, p=0.837; troop(,^p,j„^): = 0.210, df=2, p=0.900; Mann-Whitney:

rank( ĵtj, primipares)'  ̂ “  -1.604, n=6=6, p=0.109; rank(̂ j,hout primipares)* Z = -1.069, n=6=4, 

p=0.285; infant sex̂ îApnmipares): z = -0.081, n=5=7, p=0.935; infant sex̂ ^̂ rhour primipares); z = 

0.000, n=4=6, p=1.00). Although high-ranking females did tend to have a shorter interval 

between birth and the resumption of cycling (see Table 5.6)

Table 5.6: Length of lactational anoestrus (in days) by maternal rank.

Rank Mean Standard deviation Median (range) n

Low 513 71 533 (375-575) 6

High (inc.primipares) 408 131 430 (201-565) 6

High (exc.primipares) 466 98 485 (331-565) 4

The above result can be conpared to that in Chapter 4, where high-ranking females were 

shown to have shorter average interbirth interval following the birth of a 'surviving' infant. 

Again, this result is not significant, and it may that there are other factors which contribute 

to differences in the length of amenorrhoea. When primipares were excluded from the 

analysis, mothers of dry season infants tended to have longer periods of amennorhoea than 

mothers of wet season infants (Table 5.7: Mann-Whitney: including primipares: z = 

-1.464, n=7=5, p=0.143; excluding primipares: z -  -1.818, n=6=4, p=0.070). This 

suggests that the increased time spent on the nipple by dry season infants did translate into 

longer periods of anoestrus (Section 5.3.1).

Table 5.7: Length of lactational anoestrus (in days) for wet and dry season mothers.

Season Mean Standard Deviation Median (range) n

Dry (inc.primipares) 487 130 519(201-575) 7

Wet (inc.primipares) 422 88 382 (221-547) 5

Dry (exc.primipares) 535 32 533 (492-575) 6

Wet (exc.primipares) 433 98 426 (331-547) 4
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In Chapter 4, maternal age was shown not to affect the length of interbirth interval 

following the birth of a surviving infant, and there was no significant difference in the 

length of amenorrhoea for old and young mothers (Mann-Whitney: including primipares: 

z -  -0.722, n=6=6, p=0.470; excluding primipares: z = -0.107, n=5=6, p=0.915). 

However, for the subset of females for whom absolute age is known (PHG/MLK), length 

of anoestrus was significantly correlated with age (Fig. 5.12: Spearman's rank: including 

primipares: r, = 0.904, n=8, p=0.002; excluding primipares: r, = 0.855, n=7, p=0.014). 

There were no consistent differences in old and young mothers in the length of time that 

the infant spent on the nipple, and so it is difficult to relate this to differences in the level 

of investment in the infant (Fig 5.13: including primipares: Mann-Whitney tests for months 

1-16: 0.032<p<0.724; Fisher's test for combined probabilities: = 43.41, df=32, p>0.05;

excluding primipares: Mann-Whitney tests for months 4-14: 0.064<p<0827: Fisher's test 

for combined probabilities: = 26.35, df=22, p>0.05). Thus, this result suggests that

maternal age does have some cumulative affect on maternal reproductive potential, with 

older females needing increasingly longer to resume cycling as parity progresses.

Strum and Western (1982) found that interbirth interval showed a U-shaped relationship 

with female age, and that both troop size and differences in the amount of food available 

influenced female fecundity. The primiparous female shown in Figure 5.12 was DC, who 

then showed the longest interval to conception for any of the females for whom there are 

data (see Table 5.5). Thus, it appears that there are several different factors which 

contribute to differences in females fecundity. Whilst young females may resume cycling 

at an earlier stage, it then appears that they need more cycles to conception than middle- 

aged females. Older females take longer to resume cycling, but this does not affect their 

survival interbirth interval. Rank seems to influence the length of interbirth interval, but 

differences between high- and low-ranking females cannot be solely related to the 

resumption of cycling, and may be due to a fewer number of cycles to conception. 

Although Bercovitch (1987) found no relationship between the length of post-lactational 

cycling and female rank, he does suggest that nutritional status exerts a stong influence. 

Rank has been shown to affect nutritional intake (e.g. Barton and Whiten 1993) and the
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Figure 5.12: Length of lactational amennorhoea by female age 

(PHG and MLK mothers only).
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Figure 5.13: Median percentage of time on the nipple by maternal age over infant age. 

a. including primipares.
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Table 5.8: Sample sizes for Figure 5.13.

month 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Old 2 2 2 3 3 3 4 4 6 6 5 4 4 4 4 3 2 2

Young (exc. primipares) 2 2 2 3 3 3 3 2 4 3 3 2 2 2 1 1 1 1

Primipares 2 2 2 2 1 1 I 1 1 1 1 1 1 1 1 1 1 1
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probability of harassment by other females at peak oestrus (Dunbar 1980). Therefore, 

although these two hypotheses cannot be investigated in this thesis, if the prediction of a 

shorter interval to conception was proved to be correct, then further study could reveal 

whether reproductive competition (e.g. through harassment of low-ranking females during 

oestrus, e.g. Dunbar 1980; or competition for matings, e.g. Small 1989; Sommer 1989) 

or improved nutrition are the mechanisms through which high-ranking females achieve 

shorter interbirth intervals.

It can be seen that infant independence, both nutritional and spatial, is related to both 

social and ecological factors. However, the patterns shown above are only suggestive, 

due to the small number of infants in each category. In general, the results fit in with 

those from other cercopithecine studies (both wild and captive), and two trends can be 

seen. Firstly, infants of low ranking mothers appear to gain independence at a slower rate 

than those of high ranking mothers, and there is some relationship between maternal rank 

and infant sex that modifies this pattern. Secondly, a lower level of food availability seems 

to lead to slower attainment of independence. The harsh conditions and high mortality 

at this site may mean that a faster rate of development is not possible without the infant, 

and possibly the mother, incurring serious risks (see also Chapter 4). These two findings 

did not have a significant effect on the length of amenorrhoea (although again sample size 

should be taken into consideration). However increasing maternal age, independent of the 

length of time on the nipple, did appear to affect the length of post-lactational anoestrus. 

Although this could not be directly related to measures of investment, this highlights the 

fact that the cost of investment appears to increase with age (Chapters 1 and 7).

5.4 CONDITIONAL ACCESS TO THE MOTHER

Trivers (1974) has argued that a mother and her offspring will be in conflict over the 

amount of parental investment that the infant should receive. Several primate studies have 

identified 'weaning' conflicts, where mothers are observed to deny nipple access and 

infants are observed to exhibit a variety of 'distress responses' (e.g. 'tantrums', gecking,
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cooing etc.). It has been shown that infant contact can interfere with maternal foraging 

efficiency (e.g. Whitten 1982; Clark 1990; Andrews et al. 1993), and that the relative 

energetic costs of carrying may undergo a rapid shift as the infant grows (Johnson 1986; 

Altmann and Samuels 1992). Thus, it has been suggested that in many cases mother- 

infant conflict may be related to the timing of access to the nipple rather than the amount 

of time for which the infant can suckle (Altmann 1980; Pereira and Altmann 1985; 

Johnson 1986; Dunbar 1988; Drubbel 1990; Gomendio 1991; Barrett etal. 1995).

Barrett et al (1995) have pointed out that the 'timing' and 'investment' hypotheses are not 

mutually exclusive but argue that the underlying cause of conflict should be identifiable 

during any particular phase of conflict. However, mothers may be trying to reduce the 

amount of time infants are allowed to suckle for, but place more emphasis on reducing 

nipple time in activities where the infant interferes with their efficiency. Therefore, it may 

not always be possible to separate conflict into distinct phases. Suckling time may still 

decrease over the period of conflict ('investment') but the lower levels of time on the 

nipple may be rescheduled to periods when the infant is not a hinderance ('timing').

Figure 5.14 shows the percentage of time in contact by maternal activity (here foraging 

time and feeding time have been combined to give the activity category 'feed', and data 

were only included in the analysis if the focal had a minimum of 5 min. data for that 

activity category). The data show broadly the same relationship between contact and 

activity as in other studies, (e.g. Altmann 1980; Karrssmeijer et al. 1990; Barrett et al. 

1995), with contact during feeding and moving decreasing more rapidly than during 

resting and social time. Indeed, by 13 months, infants are almost never in contact with 

their mother during feeding and moving times, but are still spending considerable time in 

contact during resting or socialising. The differences between activities is significant 

(Spearman's rank correlations: feed: -1.00<r,<-0.46; move: -0.97 < r < -0.40; rest: -0.93 

< r,< 0.29; social: -1.00 < r^< 0.78: Friedman ANOVA: Fr = 22.94, df=3, p<0.01). Post- 

hoc multiple comparison tests show that there are significant differences between 

feeding/moving and resting/socialising (p<0.05), but not between feeding and moving, or
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Figure 5.14: Median contact time by maternal activity over infant age.
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Figure 5.15: Median nipple time by maternal activity over infant age.
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resting and socialising.

Figure 5.15 shows percentage of time on the nipple by maternal activity. The pattern seen 

with contact time is repeated here, but the decrease to zero occurs earlier for both feeding 

(at 7 months) and moving (at 8 months). The differences between feeding/moving and 

resting/socialising were again significant (post-hoc multiple comparison tests: p<0.05) 

(Spearman's rank correlations: feed: -0.97 < r,< -0.75; move: -1.00 < r,< -0.52; rest: 

-0.83 < r,<0.61; social: -1.00 < r,< 0.61: Friedman ANOVA: Fr = 16.00, df=3, p<0.01).

If a rescheduling of access is occurring then these relationships should also be apparent 

in relation to maternal activity across the day. Maternal activities were examined to 

determine whether time allocation to the four broad activity categories differed between 

daily time blocks (Chapter 2). Figure 5.16 a-b shows the distribution of maternal 

maintenance activities across these 4 time blocks in the wet and dry seasons (for all 

mothers with surviving infants). Data were only included in the analysis if a mother had 

a minimum data sample of 30 min. within each period.

Friedman ANOVAs show significant differences between time blocks in both seasons for 

feeding and resting time, but no significant differences for moving time. Social time was 

only significantly different across time blocks in the dry months (Dry months: feed: Fr = 

11.10, df=3, p<0.05; rest: Fr = 9.70, df=3, p<0.05; move: Fr = 0.70, df=3, p>0.05; social: 

Fr = 14.90, df=3, p<0.05: Wet months: feed: Fr = 13.80, df=3, p<0.05; rest: Fr = 7.99, 

df=3, p<0.05; move: Fr = 7.15, df=3, p>0.05; social: Fr = 2.63, df=3, p>0.05). Post-hoc 

multiple comparison tests show that feeding time is significantly different between periods 

1 and 3 in dry months, and periods 1 and 3 and periods 1 and 2 in wet months (p<0.05); 

resting time was significantly different in periods 1 and 3 and periods 2 and 3 in dry 

months, and periods 1 and 3 in wet months (p<0.05); and social time was significantly 

different between periods 1 and 3 in dry months (p<0.05).

It can be seen from Figure 5.16 that feeding and moving time are on average at lower
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Figure 5.16: Maternai activity by time block (medians),
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levels during periods 1 and 4, a pattern seen in other baboon populations (e.g. Altmann 

and Altmann 1970). If a rescheduling of access to the nipple is occurring, then it would 

be expected that as the infant ages, time on the nipple would decrease more rapidly in the 

middle of the day than in the morning and late afternoon. Figure 5.17 a-f shows the 

percentage of time on the nipple by time block for all surviving infants (data have been 

divided into 3 month time blocks). It can be seen that after 9 months, time on the nipple 

has been concentrated in period 1 and is moved away from period 3, supporting the 

hypothesis that the timing of nipple contact changes as the infant ages. However, the 

difference between periods only becomes significant in the last infant age period (Friedman 

ANOVA: Fr = 8.63, df=3, p<0.05), with periods 1 and 3 being significantly different from 

each other (p<0.05). That the differences between periods do not give significant results 

for earlier infant ages may be due to the pooling of individuals' data across months, as the 

rescheduling of access is likely to show considerable variation between individuals.

Figure 5.18 shows the median percentage of time on the nipple over infant age in periods 

1 and 4 and periods 2 and 3 (sample size as in Fig.5.1). It can be seen that time on the 

nipple decreases more rapidly in the midday time periods than the morning and late 

aftemoon/early evening time periods. The differences between the Spearman's rank 

correlation coefficients were again significant (for all infants: Spearman's rank: Periods 1 

& 4: -0.93 < r,< 0.40; Periods 2 & 3: -0.98 < r^< 0.02: Sign Test: n=13, p=0.039).

5.5 MOTHER-INFANT CONFLICT

The above results suggest that rescheduling of both contact and access to the nipple are 

occurring. However, this is also happening during the period of declining nipple contact. 

Figure 5.19 shows the median percentages of time on the nipple by maternal activity 

(feeding and moving) and for total time on the nipple and total time in ventral contact. 

The graph suggests that two processes are occurring concurrently; firstly, an overall 

reduction in the amount of time on the nipple and secondly, a rescheduling of nipple 

access towards non-ventral contact. This means that both the 'timing' and 'investment'
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Figure 5.17: Median percentage of time on the nipple by time block, 
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Figure 5.18: Median nipple time in combined time blocks over infant age.
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Figure 5.19: M edian total nipple tim e and ventral time

in relation to conditional access over infant age.
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hypotheses may have currency in this situation.

Three phases may be identified from the differences in total nipple time and total ventral 

time. Firstly, in the first two months, time spent ventral was greater than nipple time 

(Wilcoxon-Matched pairs: month 1: z = -2.201, n=6, p=0.028; month 2: z = -2.201, n=6, 

p=0.028). Secondly, from months 3 to 7 there are no significant differences between 

nipple time and time spent ventral. Thirdly, from month 8 onwards, time on the nipple is 

greater than time spent in ventral contact (Wilcoxon-Matched Pairs for months 8-18: 

0.003<p<0.09; Fisher's test for combined probabilities: 86.33, df=24, p<0.001).

Figure 5.20 shows the mean percentage of time spent in 'temper tantrums' by infants over 

infant age (calculated from point sample data; sanple size as in Fig.5.1). Tantrums appear 

to peak in month 9, after the period of rapidly declining nipple contact and during the 

period of low but steady milk supply. If time spent in tantrums' is determined by maternal 

activity, it can be seen that this peak is primarily related to peaks in the amount of distress 

shown during feeding and moving (Fig. 5.21). This supports the idea that observations 

of weaning 'conflict' are related to the timing of access to the mother. As can be see from 

Figure 5.15, time on the nipple during feeding and moving was essentially zero by 8 

months and the increased rates of tantrums may be due to both the refusal of access to the 

nipple during feeding and moving and the refusal of mothers to carry the infant. Tantrums 

then appear to increase again after 12 months, occurring primarily during resting and 

socialising. This may be because infants were then being weaned in the conventional 

sense, and mothers were trying to diminish nipple contact to zero.

If these tantrums can be related to two separate processes, then it should be possible to 

see a similar relationship in maternal rejection. Figure 5.22 shows the number of maternal 

nipple rejections per 100 min. by maternal activity. Although rejection levels are low it 

can be seen that two peaks exist. Firstly, a peak occurring in feeding and moving times, 

and secondly, a much later and higher peak in resting and social times, suggesting that 

weaning in the conventional sense occurs far later than the period of maximum 'conflict'
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Figure 5.20: Mean time spent in 'temper tantrams' by infants over infant age.
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Figure 5.21: Median percentage of time in 'tantrums' by maternal activity over infant age.
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(as seen by infant distress). Differences in the rate of rejections in feeding/moving times 

and social/resting times are not significant except in month 16 (Wilcoxon Matched-Pairs: 

z -  -2.023, n=6, p=0.043). This may be the result of the large number of ties (when 

rejections were not seen) in each month, which dramatically lowers sample sizes. Nipple 

rejection was only recorded when the mother actively prevented the infant from 

making/breaking contact, and the rates presented here are a conservative estimate of the 

level of rejection. The relationship shown in Figure 5.22, when combined with the results 

from Section 5.4, lends significant support to the hypothesis that there are two phases of 

'conflict': an initial rescheduling of access and then a later 'weaning' phase.

There were no consistent differences in the rate of rejections or the amount of time spent 

in temper tantrums for troop, infant sex (cf. Rowell and Chism 1986; Rajpurohit and 

Mohnot 1991), maternal rank or maternal parity. Figure 5.23 shows that the median rate 

of rejections from the nipple were lower in each month for 'dry' season infants, suggesting 

that the higher levels of nipple contact for these infants did not result in higher levels of 

'conflict', although these differences were not significant (sample size as Fig.5.2). 

Differences between these two groups in the amount of time spent in 'tantrums' were not 

consistent or significant.

5.6 INFANT ACTIVITY BUDGETS

Marsh (1992) has already investigated the development of activity budgets in baboons at 

this site. Therefore, as mothers were the primary focus of this study, this section only 

discusses infant behaviour in relation to the possible repercussions for maternal investment 

and relates the results to the trends found above for contact and nipple time. Data on 

infant activity were excluded if the infant was out of sight for more than 25% of the focal 

sample and when there were less than 90 minutes of data (see Chapter 3). This means that 

sample size after 12 months is too small for analysis.
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Figure 5.23: Median rate o f nipple rejections for 'wet' and 'dry' season infants by infant age.
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5.6.1 Independent locomotion in relation to environmental conditions

The energy invested in carrying the infant is probably the most significant cost of 

motherhood after lactation (Johnson 1986; Lee and Bowman 1995). Figure 5.24 shows 

the percentage of time that infants spent being carried (in relation to their mothers' total 

moving time; sample size as in Fig.5.1). The transition to dorsal/jockey riding is similar 

to that found in other studies and by 6 months, infants are more likely to be carried on 

their mothers backs than ventrally. This reflects the rescheduling of nipple contact away 

from moving time and towards less intmsive forms of contact.

There were no consistent differences between troops (cf. Rhine et al. 1984) and 

differences in the transitions between forms of contact mirrored those found for total 

contact time. Altmann and Samuels (1992) have developed a model which evaluates the 

relative costs of carrying versus independent travel. However, testing this against data 

from baboons at Amboseli showed that independent locomotion developed before the 

relative energetic benefits to the mother outweighed the relative costs. Thus, it appears 

that there is a trade-off in energetic terms, which Altmann and Samuels suggest may be 

because infant survival is promoted by the early acquisition of developmentally essential 

skills (see also Clarke 1990). The higher level of contact and lower level of spatial 

independence of'dry season' infants can also be seen in a lower level of time spent moving 

by these infants (Fisher's test for combined probabilities: months 8-11: = 17.57. df=8,

p<0.05). This suggests that during periods of stress the benefits of independent 

locomotion may not condensate for the increased energetic costs. Johnson (1986) found 

that after controlling for infant age, carrying time was positively correlated with time spent 

moving by the mother. To determine whether the above relationship was an artefact of 

differences in the time spent moving, Kendall's partial correlations were calculated for 

each mother. Only one result was significant (p<0.05; for MV/GN who appeared to alter 

the pattern of carrying after ON broke her leg), and therefore it does not appear to be 

differences in moving time between mothers which cause the difference seen in 

locomotory independence
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Figure 5.24: Median percentage of time infant carried during maternal moving time

over infant age.
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5.6.2 Independent feeding in relation to lactation

Infant feeding has been discussed in Chapters 3 and 4 (see Fig. 3.18; Table 4.3). Figure

5.25 shows median feeding time for male and female infants: females feed at higher levels 

than males over the entire first year, with the differences in months 8-10 being highly 

significant. (Mann-Whitney: month 8: z = -2.213, n=7, p=0.034; month 9: z = -2.205, 

n=9, p=0.028; month 10: z = -2.121, n=7, p=0.034). This lower level of nutritional 

independence can be related to the higher times spent on the nipple by male infants. The 

same interactions as found for nipple time confound the results here and are not further 

investigated. However, it should be noted that the negative correlation found between 

time spent feeding and time on the nipple in Chapter 3, indicates that lower levels of milk 

intake are compensated for by higher independent intake.

This does not appear to be the case for 'dry season' infants, who do not feed independently 

at significantly lower levels than 'wet season' infants (Mann-Whitney: months 8-11: 0.398 

< p < 0.5; Fisher's test for combined probabilities: 3.40, df=8, p>0.05). This result

suggests that the food obtained by 'dry season' infants was of lower quality than that for 

'wet season' infants and despite similar levels of feeding, 'dry season' infants still needed 

to spend more time on the nipple. Thus, although infants may be attempting to become 

nutritionally independent, the prevailing environmental conditions can be a serious 

constraint on their development.

5.6.3 Play as an indicator of nutritional stress

If 'dry season' infants are under energetic stress, then this may be reflected in other aspects 

of their behaviour. Several studies have shown that the level of play in both infants and 

juveniles is related to resource availability (e.g. squirrel monkeys: Baldwin and Baldwin 

1976; vervets: Lee 1984, 1986; baboons: Oliver and Lee 1978; gelada: Barrett et al. 1992; 

langurs: Sommer and Mendoza-Granados 1995). Barrett et al. (1992) suggest that infants 

may be buffered against variation in food supply through lactation. However, as milk
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Figure 5.25: Median time spent feeding by male and female infants over age.
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quality and quantity may be affected by maternal nutritional status and it appears that 'dry 

season' infants are under some constraint, play in infants can also be seen as an indicator 

of the relative level of energy intake.

Figure 5.26a shows time spent in play (estimated from point samples) for 'dry' and 'wet' 

season infants. Wet season infants have consistently higher levels of play, and although 

this only reaches individual significance for month 9 (Mann-Whitney: z = -2.334, n=9, 

p=0.020), combination of the results shows that the difference between infants is 

significant (Fisher's test for combined probabilities: months 8-11: = 16.22, df=8,

p<0.05). Figure 5.26b shows the amount of time spent in 'solo' play by the two groups, 

with dry season infants spending more time than wet season infants (Fisher's test for 

combined probabilities: months 8-11: %̂ = 17.01, df=8, p<0.05). Sample size in Figure

5.26 as in Figure 5.2. The differences in troop composition mean that investigation of 

play partners in relation to season is confounded by the availability of partners.

Thus, it seems that infants growing up in a period of relative scarcity spend more time in 

less energetically expensive solo play, than in social play (Martin 1982; Barrett et al. 

1992). Marsh (1992) also found a trend for older infants to spend more time 

'environmentally exploring' in poor months than when conditions were good (although this 

was not significant). Infants in this study were recorded as performing solo play ('explore 

object') acts when they were manipulating food objects, but not seen to make attempts to 

eat them. If solo play is a means by which infants learn about their environment, it may 

be that the higher levels seen for 'dry season' infants reflect the harsher foraging conditions 

they faced. As weaning foods may have been less available, more time was devoted to 

investigating possible food items.
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Figure 5.26a; Median percentage of time in social play for wet'

'dry' season infants over infant age.
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5.7 SUMMARY

In this chapter, the development of infant independence was discussed in relation to the 

ecological and social factors that influence this transition. Chapters 3 and 4 have 

highlighted the need for flexible patterns of investment in this population and this appears 

to be reflected in the rate at which infants make the transition from dependence on their 

mothers. Infants who faced 'dry' conditions after 8 months made these transitions at a 

later age than those who faced 'wet' conditions. Chapter 4 showed that infant mortality 

was high during this study and that survival is strongly linked to both environmental 

conditions and maternal history, and therefore earlier attainment of independence may not 

have been possible for 'dry' season infants. Differences in contact and moving time appear 

to have been reflected in the infants' own activity budgets. In Chapter 3, it was suggested 

that mothers lowered their energetic demands by increasing the resting time component 

of their time budget. Dry season infants spent less time moving and playing with others 

than wet season infants of a similar age, suggesting a similar process, with infants in the 

dry season being unable to allocate time to energetically expensive activities due to the 

nutritional constraints on both themselves and their mothers. Males appeared to become 

spatially and nutritionally independent at a later age than female infants, and low-ranking 

infants appeared to gain independence at a slower rate than high-ranking infants.

This result should be related to the finding in Chapter 4 that low-ranking mothers had 

longer interbirth intervals than high-ranking mothers if the infant survived more than one 

year. It is possible that this is in part an effect of a longer period of dependence on the 

nipple: this may either be because females were on a lower nutritional plane and infants 

therefore took longer to reach 'weaning weight', or that suckling patterns were interfered 

with at a higher rate for low-ranking infants and hence the suckling stimulus increased the 

length of amenorrhoea. The relationship between food availability and suckling appears 

to be reflected in the length of anoestms for dry season mothers. Gomendio (1990) found 

that low-ranking females were more likely to have suckling bouts interrupted by 

conspecifics and related this to longer IBI for these females. However, there was no
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significant relationship between rank and the length to resumption of cycling. Although 

high-ranking females did tend to have a shorter period between birth and the resumption 

of cycling, female age appeared to have a far more significant influence. This result 

suggests that the effect of rank on interbirth interval cannot be simply related to one part 

of the reproductive cycle, but may be a cumulative process. This study did not address 

the social relationships of non-lactating females, however the possibility of selective 

harassment during oestrus is examined in a later chapter, in order to investigate social 

factors influencing the differences in the number of cycles to conception between high- 

and low-ranking females. However, given that there are significant differences in food 

intake between females of different ranks it may be more probable that high-rank affects 

fecundity via improved nutrition. The data also suggested that there may have been a 

trend for low-ranking females to bias their investment towards sons. The small sample 

size of infants in each month meant that the differences between individuals on the basis 

of age, maternal rank and infant sex can only be suggestive. The increased length of 

lactational anoestrus for older females could not be related to measures of investment (cf. 

Paul et al 1993) and suggests that the absolute costs of reproduction may increase with 

maternal age

The transition to independence was then assessed in relation to the 'timing' and 

'investment' hypotheses of mother-infant conflict. It was shown that both may be valid, 

with the process of weaning having two identifiable stages: firstly, a rescheduling of 

contact and access to the nipple to periods when the infant is not hindering maternal 

maintenance activities ('squabbling') and secondly, a period in which mothers totally 

withdraw access to the nipple ('conflict'). However, these two hypotheses are not 

mutually exclusive and under certain environmental or social conditions it may be that 

both processes occur simultaneously, and the two peaks of rejection-mediated behaviour 

may not be seen. There were no significant differences by age in the rate of rejection of 

wet or dry season infants, and thus these data do not support the hypothesis of decreased 

maternal care in response to decreased levels of resource availability (e.g. Dunbar 1988). 

Indeed, the median rate of rejection was higher for wet season infants suggesting that
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mothers may be accelerating the weaning process when conditions are favourable.

The following chapter addresses the social context of lactation. Firstly, social interactions 

are discussed as constraints on maternal behaviour. Infant handling data are examined in 

relation to rank to see whether low-ranking infants are harassed at a higher rate than high- 

ranking infants, and whether this relates to the slower rate of spatial independence seen 

in this chapter.
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6. SOCIAL CONSTRAINTS ON MOTHERS 

6.1 INTRODUCTION

In Chapter 3, maternal investment was examined in relation to the energetic demands of 

lactation, Chapter 4 related infant survival to the past investment decisions, and Chapter 

5 then looked at infant development. This and the following chapters examine the social 

context of lactation in greater detail. The potential social costs incurred during lactation 

and possible strategies to offset these costs are first discussed (Section 6.2). Then, after 

a summary of females' dominance ranks and kin relationships (Section 6.3), changes in the 

social attractiveness of mothers over the course of lactation are investigated (Section 6.4). 

This increased attention is then discussed as a possible constraint on maternal maintenance 

activities (Section 6.5).

6.2 THE POTENTIAL SOCIAL COSTS OF LACTATION

New infants are a focus of attention for other troop members (see below; Section 3.5.1; 

Alley 1980; Small 1982) and as a consequence of this, mothers will tend to have more 

neighbours and social interactants than during other periods. Altmann (1980) found that 

new baboon mothers have close neighbours approximately 60% of the time (twice that of 

pregnant females) and that the rise in interactions (excluding grooming) adds 4% 

additional social time to their time budgets. The increased grooming from others has been 

related to the exchange of grooming in return for 'permission' to interact with the infant 

(e.g. wedge-capped-capuchins, Cebus olivaeceus: O'Brien 1993; patas: Muroyama 1994). 

The proximity of more individuals may increase feeding competition (Barton 1993), 

disease transmission (Altmann 1980), rates of aggression (Fairbanks 1980) and rates of 

infant monitoring (Maestripieri 1993a).

This attention may also confer some degree of benefit to the mother through increased 

protection from predators, increased opportunities for the infant to learn by observation
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(e.g. Whitehead 1986), increased levels of grooming (e.g. Hutchins and Barash 1976; 

Schino et al. 1988), the opportunity to gain new alliance partners, and, if mothers are 

associated with higher-ranking females, they may receive less aggression and occupy 

preferred feeding sites than during non-lactating periods. However, evidence from some 

species has indicated that this increased attention leads to disruption of mothers' 

maintenance activities (e.g. howler monkeys: Clarke and Glander 1984). Differences 

between mothers and non-lactating females in the rate at which social interactions are 

initiated can be used to examine the changes in the dynamics of females' social 

relationships over lactation (see Section 6.4-6.S).

6.3 FEMALE DOMINANCE RELATIONSHIPS AND KINSHIP

6.3.1 Dominance

Adult female dominance hierarchies were constructed for each troop using data from ad 

lib. notes and focal animal samples. All approach-avoid interactions, supplants and dyadic 

agonistic interactions were included in the hierarchies presented in Tables 6.1-6.3. In 

STT, when no interactions were observed between a dyad during this study, their position 

in the hierarchy was taken from Sambrook (1995) and D.Castles (pers. comm.). The STT 

hierarchy generated by my data differs from that of Castles in the relative positions of two 

adult females (DN/DK), but since DN was not followed for more than one month and her 

data are not used individually, this does not affect the following analyses. The difference 

between the hierarchies is possibly the result of the temporary increase in rank that may 

be experienced by new mothers (see e.g. Weisbard and Goy 1976). DK was lactating for 

six months of this study, whilst DN had lost an infant just prior to the start of data 

collection. Although there are few data on interactions in the middle section of the 

hierarchy, this may represent a real difference between the two studies. In previous 

chapters when females have been divided into high- and low-ranking groups, this 

distinction has been based on the hierarchies presented in Tables 6.1-6.3.
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Table 6.1: PHG adult female dominance hierarchy - August 1993-August 1994. Based

I.D . TW DL DC YT ZN OR MY JO

TW - 16 28 22 4 11 12 5

DL - 8 5 6 2 4 3

DC 2 28 14 9 18 8

YT - 13 8 15 6

ZN 6 - 4 21 6

OR - 4 1

MY 1 - 7

JO -

Table 6.2: MLK adult female dominance hierarchy - October 1993-A ugust 1994. B ased
on dyadic interactions, data from both a d  lib. notes and focal animal samples.

I.D. DE ZL MV MC MS TE NV RM AA

DE - 7 2 1 4 5 3 1

ZL - 7 1 1 2 1 2

MV 3 8 7 2 9 3

MC - 8 4 4 4 3

MS - 6 21 14 3

TE - 7 2

NV - 2 2

RM

AA
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Table 6.3: STT adult female dominance hierarchy - October 1993-August 1994. Based on dyadic interactions, data from both ad lib. notes and focal

00w

I.D. ES MA WT KE TU KY SC DK AM DN GT CN JN ML* LZ MR* AL TR NI

ES 5 6 6 3 7 3 3 1 2 1 2 1

MA - 5 3 2 2 1 2 4 4 2 3 1 2

WT - 2 1 2 4 3 2 1 1 2 1

KE - 2 1 2 2 1 1 3

TU - 1 1

KY - 2 2 1 3 1 1 1 1 1

SC 1 - 3 2 2 2 1 2 2

DK - 3 4 4 2 3

AM - 2 3 3 1 4 6 1 1

DN - 1

GT - 2 2 1 2 3

CN - 2 1 3 4 1

JN - 1

ML -

LZ - 1 1 1 2

MR -

AL - 1

TR -

NI -



6.3.2 Kin relationships

Figure 6.1 a-c shows the genealogies for all females followed during this study. Only 

animals that were present in the troop at the beginning of data collection are presented, 

and therefore offspring that died or emigrated before August 1993 are not shown. In STT 

some of the adult kin relationships have been inferred by members of the long-term 

Soitataishe Research Project; these are indicated by dashed lines. In PHG and MLK some 

distant adult kin relationships are also inferred and these are indicated in the text 

accompanying each figure. Two features emerging from Tables 6.1-6.3 and Figure 6.1 

deserve further comment. Firstly, if the kin relationship between DN and DK is correct 

(with DK being the younger sister) then the inconsistencies between studies may reflect 

not only the influence of reproductive state but also the instability of traditional intra- 

matriline rank order when there are few mature females within the family (see Datta and 

Beauchan^ 1991). Secondly, contrary to the typical cercopithecine pattern (see Chapter 

1), YT (PHG) ranks above her mother, ZN, which again may relate to the demographics 

of the troop. Datta (1992) has suggested in populations where interbirth intervals are 

long, females are old at sexual maturity, and mortality is high, there will be a shortage of 

within-matriline allies and mothers will be less able to remain dominant to their mature 

daughters. ZN has no other mature close female relatives in the troop and therefore can 

be seen as susceptible' to outranking under Datta's (1992) framework.

6.4 SOCIAL ATTRACTIVENESS OF MOTHERS

Data on approaches and leaves were compared between females to determine the extent 

of the increased attractiveness towards females with infants. The results for leaves 

essentially mirror those found when examining approaches and therefore only approach 

data are presented here. Data were not collapsed for control females and all control 

individuals were considered separately. To construct a baseline level for approaches, the 

data for controls were first examined to see whether factors such as season and troop 

caused consistent differences. Of the 14 females for whom data are available (including
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Figure 6. la: Genealogies for PHG focal females
(DL & ZN are putative cousins).
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Figure 6. lb: Genealogies for MLK focal females
(DE &ZL and NV & RM are putative cousins).
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Figure 6. le: Genealogies for STT focal females
(Putative relationships are shown by dashed lines).
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females whose infants died, but not from periods when the infant was alive) only one had 

a significant difference in approaches between wet and dry months (Mann-Whitney: 

p>0.05 in all other cases). Therefore data from both periods are combined for each 

individual and data were included for 3 females who were only sampled during either wet 

or dry months, giving a total sample size of 17 control individuals.

For each control female the median rate of approaches to the focal, and by the focal to all 

individuals, and to adult females was determined in each reproductive state (cycling, 

amenorrhoea and pregnant). For 7 females data are available in all three states and there 

were no significant differences in the rate at which females approached/were approached 

between these conditions (Friedman ANOVA: approaches by the focal: to all individuals: 

Fr = 2.214, df=2, p>0.05; to adult females only: Fr = 0.286, df=2, p>0.05; approaches to 

the focal: by all individuals: Fr = 2.571, df=2, p>0.05; by adult females only: Fr = 2.786, 

df=2, p>0.05). Therefore data for control females are combined in the following analyses, 

taking an individual's approach rates as the median of her values for each reproductive 

state. There were no significant differences in the rate of approaches by troop (Kruskal- 

Wallis ANOVA: approaches by the focal: to all individuals: = 0.157, df=2, p=0.924;

to adult females: = 1.179, df=2, p=0.555; approaches to the focal: by all individuals:

= 1.087, df=2, p=0.581; by adult females: = 0.173, df=2, p=0.917) or by focal rank

(Mann-Whitney: high/low rank, n=7=10: approaches by the focal: to all individuals: z -  

-0.732, p=0.464; by adult females: z = -0.207, p=0.836; approaches to the focal: to all 

individuals: z -  -0.782, p=0.434; to adult females: z -  -0.987, p=0.324). To investigate 

the possibility that females differed in the way they distributed approaches towards other 

adult females on the basis of the target's rank, an up-down' index was used (see de Waal 

and Luttrell 1989). This approach index (Â ) is calculated using the equation:

(approaches-^higher-ranking $ ) 
(numberofhigher-rankmg 9 )

 ̂ (approaches-^higher-ranking 9 ) (approachex-^lower-ranking $ ) 
(numberofhigher-ranking^) (numberoflawer-ranking^)
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This index cannot be calculated for the highest and lowest ranked females in each troop, 

and therefore control sançle size was reduced to 13. An index score above 0.5 indicates 

a tendency to bias approaches towards dominant females, and a score below 0.5 indicates 

bias towards subordinate females. Aj was calculated over all of each control's approach 

data. There were no significant differences in Aj between troops (Kruskal-Wallis 

ANOVA: = 0.173, df=2, p=0.917), or between high- and low-ranking females (Mann-

Whitney: z = -0.660, n=5=8, p=0.510). The average values for control females were 

A/mean) = 0.52 (sd=0.36), and A/median) = 0.63 (range 0-1).

6.4.1 Rate of social interactions

There were no significant differences by troop between mothers in the rate of approaches 

in each month of infant life and therefore data for lactating females were analysed 

together. Figure 6.2 shows the median rate of approaches to mothers over infant age, and 

the median rate for 'control' females. Mothers were approached by others at higher rates 

than control females until the infant was 10 months old. These differences were 

significant in all months except month 8, when looking at approaches by all troop 

members, and in all months except month 7, when looking at approaches by adult females 

(Mann-Whitney: p<0.05: tests were conducted for each month of infant life comparing 

'mothers' to controls to avoid possible psuedoreplication, however this does mean that 

analyses involve repeated testing of the hypothesis and so caution should be taken in the 

interpretation of results). These results agree with those found in other studies of primate 

mothers (e.g. Hrdy 1976; Seyfarth 1976; Altmann 1980; Bruce et al. 1988) and illustrate 

the attractiveness of lactating females to other troop members.

It has been shown that mothers are approached significantly more often when the infant 

is in contact (Altmann 1980; Berman 1982b), and it can be seen that during the first 3 

months of life, mothers are approached at a very high rate and then, as the infant gains 

spatial independence from the mother, the rate steadily declines to the level of other 

females in the troop. There was a positive relationship between the rate of approaches to
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Figure 6.2a: Median rate o f approaches by all troop members to the mother over infant age.
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Figure 6.2b: Median rate of approaches by adult females to the mother over infant age.
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the mother, by both all troop members and adult females, and the percentage of time the 

infant was in contact for all mothers. These relationships were positive in all cases and 

are significant for three of five mothers for whom there are more than 4 months of data 

from birth (Spearman's rank: p<0.05). Median contact time by month and the median rate 

of approaches by all troop members and by adult females over the first 12 months of infant 

life were significantly related (see Fig. 6.3: Spearman's rank: all individuals: r, = 0.923, 

n=12, p<0.001; adult females: r, = 0.970, n=12, p<0.001). Whilst these correlations do 

not control for infant age, the obvious relationship between contact, approach rate and age 

indicate that it is the 'new' infant that is the cause of increased attention to the mother and 

that the motivation for other individuals to approach decreases as the infant grows.

Mothers approached adult females at similar rates to control females throughout the 18 

months of infant life (cf. Ehardt 1987), but made approaches to all other individuals at 

significantly lower rates in the later phase of lactation (Fig. 6.4: Mann-Whitney: p<0.05, 

in months 7, 8, 9, 12 and 14). This difference may be related to the period of social time 

below baseline seen in Chapter 3. If, as suggested, this period is related to serious 

energetic constraints (as mothers try to maintain/restore energy reserves: Section 3.6.2), 

then this decrease in approaches to all individuals may be seen as a result of the need to 

feed and forage at levels above troop baseline. Social time is therefore restricted and 

mothers appear to be conserving their rate of interaction with adult females, whilst cutting 

down on the rate of interactions with other individuals in the troop. Given that adult 

females may represent the most important social partners (e.g. Seyfarth 1976), then this 

process may be similar to that seen in the gelada mothers during periods of time budget 

stress (Dunbar and Dunbar 1988). However, it should be noted that the rate of 

approaches to adult females is low (with a maximum rate for mothers being approximately 

2 per 100 min.), and the extent to which approaches impose an extra time constraint is 

unclear. Figures 6.5-6.6 show the rate of leaves from and by mothers over infant age. 

Leaves from the mother by all troop members drop below control levels as the overall 

level of approaches decreases, whilst the rate of leaves from adult females remains close 

to baseline levels in later infant life, reflecting the conservation of interactions with mature
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Figure 6.3a: Relationship between the amount of time the infant is in contact 

and the rate of approaches from all individuals in the first year of life 

(medians in each month).
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Figure 6.3b: Relationship between the amount of time the infant is in contact 

and the rate of approaches from adult females in the first year of life 

(medians in each month).
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Figure 6.4a: Median rate o f approaches by the mother to other troop members over infant age.
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Figure 6.4b: Median rate of approaches by the mother to adult females over infant age.
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Figure 6.5a: Median rate of leaves from all troop members by the mother over infant age.
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Figure 6.5b: Median rate o f leaves from adult fem ales by the mother over infant age.
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Figure 6.6a: Median rate of leaves from the mother by all troop members over infant age.
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Figure 6.6b: Median rate of leaves from the mother by adult females over infant age.
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females.

6.4.2 Diversity of social interactions

To investigate the possibility that females are decreasing the number of interactees during 

periods of stress the Buzas-Gibson index, H*, was calculated in each month for both the 

total number of individuals approached and the number of adult females approached. H* 

can be used to measure the evenness of individual female's social interactions, where;

//=Shannon-Weiner Information index (see Section 4.7; Magurran 1988), and «=group 
size (see Peet 1974; Dunbar 1984).

The Buzas-Gibson index cannot be used when there are cases where no interaction 

between two individuals is seen, as the Shannon-Weiner Index is calculated using 

logarithms, and therefore small non-zero values must be substituted in such cases. This 

also means that in months where no interactions are observed, H* scores cannot be 

calculated. H* is adjusted for differences in group size and can therefore be compared 

between the three troops.

There were no significant differences between control females' index scores by 

reproductive state (Friedman ANOVA: individuals): Fr = 2.800, df=2, p>0.05;

females)* = 4.500, df=2, p>0.05) or between wet or dry months (Wilcoxon-Matched 

Pairs: H*(anindividuals)* z = -0.510, n=10, p=0.610; H*(̂ duitfemales)̂  Z = -0.178, n=10, p=0.859) 

(sample sizes differ due to the need to exclude data when no approaches are seen). 

Therefore analyses are based on the median value of each control female's monthly scores. 

There were significant troop differences between the evenness with which females 

approached adult females (Kruskal-Wallis ANOVA: %̂ = 7.606, df=2, p=0.022) but not 

in approaches to all other individuals (%̂  = 3.403, df=2, p=0.182). Post-hoc comparisons
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show that PHG and STT are significantly different from each other (p<0.05). Although 

the difference in H* between MLK control females and PHG and STT females is not 

statistically significant, Table 6.4 shows that as troop size increases the median value of 

f t  decreases. This suggests that females have to decrease the evenness with which they 

distribute social interactions as the number of potential interactants increases. This trend 

is discussed below and may be interpreted in the light of Sambrook's (1995) analyses of 

differences in social complexity in baboon groups of differing sizes (see Section 6.5; 

Sambrook et al. in press).

Table 6.4; Median Buzas-Gibson index scores for approaches (control females).

Troop

all individuals adult females only mean

H* range H* range n troop

size

adult 9

PHG 0.106 (0.037-0.196) 0.181 (0.125-0.264) 4 25 8

MLK 0.061 (0.028-0.080) 0.127 (0.111-0.201) 4 35 9

STT 0.042 (0.014-0.084) 0.105 (0.056-0.142) 9 73 18

The differences between troops means that rank effects can only be investigated within 

each troop. Sample size was too small for PHG and MLK to conduct statistical analyses, 

but there were no significant differences between high- and low-ranking females in STT 

(Mann-Whitney: n=4=5: all individuals: z = -0.245, p=0.807; adult females: z = -1.067, 

p=0.289) and therefore data for controls were pooled within each troop. Differences 

between groups meant that mothers were compared to the median troop value.

Mothers had significantly higher index scores for all individuals than the troop median in 

the first month of infant life indicating more even interactions within the troop (Wilcoxon 

Matched-Pairs: z = -1.992, n=6, p=0.046), but there were no other differences between 

mothers and controls (p>0.05). To investigate whether females decreased the diversity 

of their approach interactions during periods of reduced social time, median values for
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each mother were calculated for months when approach rates were above the median rate 

for controls and months when approach rates were below control levels. Since the Buzas- 

Gibson index cannot be applied in months where no interactions were seen, this meant that 

H* could not be calculated in both conditions for three mothers. Although the use of this 

index does involve the rejection of some months' data, this was no more than two months 

for all but 3 females and there was no obvious bias towards either condition . Mothers 

had significantly lower index scores for both approaches to all individuals and approaches 

to adult females when approach rates fell below the control average (Table 6.5: Wilcoxon 

Matched-Pairs: H (au individuals)'  ̂— -2.981, n=12, p=0.003; H (aduitfemales)* z = -2.803, n=l 1, 

p=0.005).

Table 6.5: Median Buzas-Gibson index scores for mothers in months when approach rates 
are above and below control levels.

I.D .

H*

in months when approach rate to all 
individuals

below control 9 $ above control 9 9

in months when approach rate to 
adult females

below control ? 9 above control 9 9

AL 0.021 0.051 0.053 0.099

CN 0.041 0.056 0.058 0.118

DC 0.067 0.239 0.143 0.256

ES 0.026 0.081 - 0.105

MA 0.042 0.045 0.059 0.111

MS 0.054 0.245 - 0.298

MV 0.056 0.054 0.111 0.210

MY 0.124 0.172 0.125 0.250

NV 0.081 0.153 0.111 0.222

TE 0.028 - 0.111 0.161

YT 0.103 0.234 0.125 0.243

ZL 0.028 0.112 0.111 0.111

ZN 0.074 0.335 0.143 0.248

These results, together with those presented above appear to agree with Dunbar and
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Dunbar's (1988) suggestion that social relationships have different values to females, and 

that when time that can be devoted to interactions is limited, then the diversity of 

interactions is decreased.

In Section 6.3 it was noted that mothers have been seen to experience a temporary rise 

in rank after the birth of their infant. If association with higher-ranking females confers 

some advantage on mothers (e.g. in terms of decreased harassment), then it may be 

expected that low-ranking females would use the presence of their infant to preferentially 

associate with such females. The 'up-down' index (Aj) was used to see whether females 

made more approaches 'up the hierarchy' when their infant was in contact. Due to the low 

rate of approaches to adult females and the high percentage of time infants were in contact 

during the early months of life, data for infant months were collapsed into two time blocks 

(months 1-6, and months 7-12). Aj was only calculated if there were 3 or more months 

of data in the time block. One mother, (DC), was excluded from the analysis under this 

criterion, and A; could not be calculated for ES (the highest ranking female in STT). 

Mothers did not have significantly different scores from control females in either time 

block (Mann-Whitney: months 1-6: z = -0.913, n=7=13, p=0.361; months 7-12: z = 

-0.842, n=10=13, p=0.400). Nor was there a significant difference between females' 

Aj score when the infant was in or out of contact (Wilcoxon Matched-Pairs: months 1-6: 

z = -0.730, n=7, p=0.465; months 7-12: z = -0.105, n=8, p=0.917). This suggests that 

females did not take 'advantage' of the social attractiveness of their infants. However, 

when mothers were divided into high- and low-ranking groups, all four low-ranking 

females for whom A, could be calculated in both conditions (in/out of contact), had higher 

scores when the infant was in contact in the second time block (sample size was too small 

to perform statistical tests). There were no consistent differences for high-ranking 

females. Thus, although no significant conclusions can be drawn from the data collected 

in this study, it is possible that low-ranking females use their infants as a means of 

associating with higher-ranked individuals.

To investigate the possibility that females were more likely to have high-ranking
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neighbours when the infant was in contact than at other periods, the point samples when 

the nearest neighbour was an adult female were extracted, and the proportion of samples 

in which the neighbour was a higher-ranked female than the focal was calculated for each 

month. Data were excluded when there were less than five point samples in which adult 

females were recorded as the nearest neighbour. There were no significant differences 

between the monthly scores for any of the six mothers for whom there were Sufficient data 

for statistical analysis (Wilcoxon Matched-Pairs: p>0.05). However, for only one of these 

mothers were there more months in which the nearest neighbour was more likely to be 

higher-ranking when the infant was out of contact. It was not possible to further 

subdivide the data by maternal activity.

6.5 NEIGHBOUR DENSITY AS A CONSTRAINT ON MOTHERS

6.5.1 Control females

Data for control females on nearest neighbour distance and the number of animals within 

10m were considered as above. There were no differences by reproductive state for either 

variable (Friedman ANOVA: n=7: nearest neighbour distance: Fr = 0.926, df=2, p>0.05; 

number of animals within 10m: Fr = 0.286, df=2, p>0.05), nor did data for individual 

females show consistent or significant differences between wet and dry months (of the 14 

females for whom there are data, only one comparison between nearest neighbour distance 

in wet and dry months reached significance at the p<0.05 level (wet<dry). No result for 

number of animals within 10m was significant). Therefore data from all months were 

combined for each female. The median number of animals within 10m and the median 

distance to the nearest neighbour were determined for each of the four main activity 

categories (feed [feed and forage], move, rest and social), with data being excluded if the 

female was recorded as being in an activity for less than 5 min. There were significant 

differences between activities for both variables for all 17 control females (Kruskal-Wallis 

ANOVA: p<0.01). Control females showed no difference between wet and dry periods 

in the number of animals within 10m or nearest neighbour distance in any activity
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(Wilcoxon-Matched Pairs p>0.05 for all activities), nor did reproductive state have any 

significant effect (Friedman ANOVA p>0.05 for all activities). Therefore data for each 

control female were combined over season and reproductive state.

There were significant differences between troops in the number of animals within 10m 

for all four activity categories (Kruskal-Wallis ANOVA, n=17: feed: = 10.92, df=2,

p=0.004; move: = 10.99, df=2, p=0.004; rest: = 9.68, df=2, p=0.008; social: =

8.37, df=2, p=0.015). Post-hoc multiple comparisons show that the difference between 

MLK and STT is significant (p<0.05), but not the differences between PHG and STT or 

PHG and MLK. Females in MLK had consistently fewer individuals within 10m across 

activity categories than females in the other two troops. There were also significant 

differences in the median distance to nearest neighbour during feeding and moving 

(Kruskal-Wallis ANOVA, n=17: feed: = 8.83, df=2, p=0.012; move: = 8.81, df=2,

p=0.012; rest: = 2.78, df=2, p=0.249; social: = 0.00, df=2, p=1.000)(Social time is

primarily time spent grooming, where nearest neighbour distance is Om, and therefore the 

analyses below exclude social nearest neighbour distance). Post-hoc comparisons again 

show the difference between MLK and STT is significant (p<0.05) but not the differences 

between PHG and MLK or PHG and STT. Median neighbour distance during feeding and 

moving is larger in MLK than in the other two troops (see Table 6.6).

Table 6.6: Median number of animals within 10m and distance to nearest neighbour (in

Feed Move Rest Social n

within 10 m 

PHG 2.5 1.75 3 4.75 4

MLK 1.75 1.38 2.75 2.75 4

STT 3 2.5 6 5.5 9

nearest neighbour distance 

PHG 4 5.25 2.25 0 4

MLK 5.25 7.75 2.25 0 4

STT 3 4 1.75 0 9
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The fact that females in the largest and smallest troops did not appear to differ in 

neighbour density measures is perhaps surprising. Sambrook (1995) found few significant 

differences between MLK and STT in a wide range of social variables. He found that 

individuals in the larger troop appear to operate in social networks of a similar size to 

those in the smaller troop, and that the spatial deployment ('clusteringTcliquing') was also 

similar. The suggestion that similar networks exist would appear to be partially confirmed 

by the results found in approaches, with individuals decreasing the evenness of interactions 

as the number of 'potential' interactees increases (Table 6.4). In both studies the 

distribution of individuals in MLK and STT was different. There are several possible 

explanations for this. Sambrook (1995) found that the overall rate of interactions was 

higher in STT, which alone could account for higher density of animals. Another non

exclusive hypothesis may be that animals in MLK had to forage in poorer quality areas and 

on more dispersed resources within this home range due to displacement by STT from 

areas in their shared home range (see Fig. 3.2). This in turn may have led to greater troop 

dispersal and hence larger distances to nearest neighbours during feeding and moving, and 

lower numbers within 10m. There was no difference between MLK and STT in the time 

spent moving in each month (see Section 3.3), despite the difference in group size, 

suggesting that animals in MLK were having to travel further to satisfy their daily 

energetic requirements. Indeed, towards the end of the dry season MLK was seen to 

fission into two subtroops during the day and to sleep at different sites on several 

occasions. Thus, although spatial relationships may not differ between troops of different 

sizes under similar conditions, differences in dispersal may result from differential access 

to shared resources. However, the differences for individuals between wet and dry 

months were not significant, and it would be expected under the above explanation that 

seasonal patterns would emerge. This may not be the case due to the small sample size 

of control individuals, but may also be related to the distribution of the types of resources 

exploited in each season (see e.g. Whitten 1983; Barton and Whiten 1993).

Rank has been shown to affect the number of neighbours during feeding and has been 

related to different spatial positioning within the troop and hence differences in food
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intake (e.g. Nakagawa 1989; Janson 1990; Barton 1993). The above results mean that 

troop data could not be combined to examine the effect of rank on neighbour density and 

distance. Again, control sample size in PHG and MLK were too small to perform 

separate analyses, but data from STT controls may be examined. There were no 

significant correlations between the number of individuals within 10m and absolute rank 

(Fig. 6.7: Spearman's rank: n=9: feed: r, = -0.366, p=0.333; move: r, = -0.079, p=0.83S; 

rest: r, = 0.326, p=0.391; social: r, = -0.469, p=0.203), but the correlation between rank 

and distance to nearest neighbour when feeding approached significance (Fig. 6.8: feed: 

r, = 0.599, p=0.089; move: r̂  = -0.381, p=0.311; rest: r, = 0.109, p=0.797). Distance to 

nearest neighbour increases as females decrease in rank. These results support those 

found previously at this site and the conclusion that high-rank means that females can 

position themselves in preferred, and possibly central and safer feeding sites (Barton 

1993).

6.5.2 Mothers

The differences between control females on the basis of both troop and rank mean that 

comparisons between mothers and non-lactating females may be confounded. To partly 

con^nsate for this, control females were divided into high- and low-ranking groups, and 

mothers were compared to the median value for females matched by troop and rank.

There were no consistent or significant differences between mothers and control females 

in the number of animals within 10m during any activity in any month of infant life 

(Wilcoxon Matched-Pairs: p>0.05). However, the distance to nearest neighbour was 

significantly smaller than the paired control value during feeding time in the first two 

months of infant life (Wilcoxon Matched-Pairs: n=6: month 1: z = -2.201, p=0.028; month 

2: z = -2.201, p=0.028), and during resting time over the first five months of life 

(Wilcoxon Matched-Pairs: month 1: z = -1.992, n=6, p=0.046; month 2: z = -1.992, n=6, 

p=0.046; month 3: z = -1.992, n=6, p=0.046; month 4: z = -2.381, n=8, p=0.017; month 

5: z = -2.366, n=7, p=0.018). The only significant difference for moving time was in
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month 3 (z = -1.992, n=6, p=0.046). This relationship then changes in later months, and 

in month 12 mothers have longer distances to the nearest neighbour during feeding, 

moving and resting (Wilcoxon Matched-Pairs: n=7: feed: z = -2.028, p=0.043; move: 

z = -1.992, p=0.046; rest: z = -2.201, p=0.028).

Combined with the data from approaches, this suggests that the initial period of high 

attractiveness leads to closer neighbours, and then during later months, mothers appear 

to avoid interactions and thus increase the average distance to neighbours. The fact that 

neighbours are closer to the mother during feeding time in the first two months may 

represent a real constraint due to increased conpetition (e.g. van Schaik et al. 1983). The 

feeding time difference from control females becomes nonsignificant at an earlier infant 

age than the difference for resting time which suggests that interactions during feeding are 

avoided either by mothers or by troop members in general. However, there was no 

significant difference in the rate of feeding supplants received by the mother in the first 

two months of life as compared to the rate in months 3-4 and months 4-6 (Friedman 

ANOVA: Fr = 1.733, df=2, p>0.05) and as the level of approaches to the mother is still 

significantly different during these early months the second alternative may be more 

plausible, with animals scheduling interactions towards periods where the mother and 

infant are 'available'. The increased neighbour distances in later life may reflect the same 

process as seen above.

6.6 SUMMARY

In this chapter, the social context of lactation was investigated and related to the 

relationships seen in earlier chapters. For control females, the increase in group size over 

troops does not appear to be mirrored by an increase in the diversity of social partners nor 

in the rate at which affiliative approaches occur. The fact that network size was found to 

be similar in two of the troops in a previous study at this site (Sambrook 1995) appears 

to be reflected in these results. Sambrook (1995) also found that food availability did not 

affect interaction rate, and similarly there were no differences between wet and dry months
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in the rate of approaches or diversity of interactions within the troop in this study. This 

may be a result of the crude measures of resource availability used in both studies and it 

is possible that more refined measures of food biomass will reveal more subtle differences. 

The small sample size of females in different reproductive states means that the data did 

not show significant differences in approach rate or diversity, and again it is probable that 

more detailed analysis of social partner selection will show that the nature of interactions 

is qualitatively different. Neighbour density measures did show significant troop 

differences, and it is suggested here that differences between groups and between 

individuals in access to resources will be reflected in both density and interaction 

measures.

For mothers, although it appears that social constraints, in terms of increased number of 

interactions and closer neighbours, are placed on females during the early phase of 

lactation, by five months of age this has declined to levels of social attraction of non- 

lactating females. The subsequent drop in the mothers' level of social interactions then 

appears to be an active response of mothers to other time budget demands, and possibly 

reflects a need to concentrate on certain social relationships. The increased attention 

during the first stage of lactation may interfere with maternal feeding efficiency but since 

females did not appear to actively avoid interactions there is no evidence that these social 

activities placed females under any stress. The fact that there was no discernable 

difference in the rate at which mothers were supplanted from feeding sites over the first 

six months of life suggests that any differences in feeding rate would not result from 

increased interference competition. The lack of any rank differences in attractiveness of 

the mother-infant pair may have reflected the relatively small infant cohort size in each 

troop, and biases towards high-ranking females may only manifest themselves when a 

large proportion of females give birth at the same time. In the following chapter, mothers' 

social relationship are further examined to determine how the increase in attractiveness 

after the birth of an infant is reflected in differences in grooming relationships. Infant 

handling is examined as a potential form of reproductive competition between females and 

possible strategies for the minimisation of social risk are discussed.
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7. SOCIAL RELATIONSHIPS AND REPRODUCTIVE COMPETITION 

7.1 INTRODUCTION

In this chapter, after a brief introduction (Section 7.2), changes in the nature of females' 

social relationships over lactation are discussed, accounting for the differences in 

attractiveness and the need to maintain partners (Section 7.3). Finally, the possibility of 

reproductive competition between females is investigated with regard to infant handling 

behaviour and harassment during oestrus (Section 7.4) and vigilance behaviour is analysed 

with respect to the potential risks to infants (Section 7.5).

7.2 ALLIANCE PARTNERS AND SOCIAL RISK

In the previous chapter it was shown that mothers had a higher rate of social interactions 

than non-lactating females, but that by the age of five months, social interactions appeared 

to occur at a similar rate to non-lactating females. However, there was some evidence 

that mothers did have to restrict the number and diversity of social partners. If this is the 

case then it may be expected that individuals are accorded different levels of priority and 

that mothers will actively seek to maintain certain relationships. In Chapter 3 it was 

shown that as feeding time increased females drew on both resting and social time 

(Section 3.5.1), and that social time was not 'conserved' as seen in the gelada study of 

maternal time budgets (Dunbar and Dunbar 1988). It was suggested that this difference 

was due to lower troop baseline levels of time spent in social activities, and the limited 

'reserve' of resting time available to the baboons in this study. The amount of time 

mothers spent in social activities was shown to be below troop baseline in later months 

(Fig. 3.8), and mothers spent considerably less time grooming others in the first four 

months than control females (Fig. 3.9; see also Martel et al. 1994). This decrease may 

have significant consequences for mothers, if they are constrained such that the amount 

of social time spent with key parmers is reduced (e.g. Silk 1982; Seyfarth 1983; de Waal 

and Luttrell 1986). Hemelrijk (1994) has shown that long-tailed macaques were more
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likely to support an individual in aggressive interactions if they had been groomed by that 

individual in the recent past (see also Seyfarth and Cheney 1984). If social time does 

become constrained, then it would be expected that they will concentrate on grooming 

relationships with alliance partners.

Dunbar and Dunbar (1988) found that as time spent feeding increased and time spent in 

social activities decreased, females interacted less evenly with other group members and 

concentrated social time on primary partners. Given the decreases in social time found 

in this study, the way in which mothers' grooming relationships change over time are 

examined, and the possibility that females are forced to restrict social interactions during 

periods of time budget stress is addressed (Section 7.3). Leighton-Schapiro (1986) found 

that lactating rhesus macaques showed higher vigilance levels than non-lactating females, 

and that vigilance increased when the infant was out of reach. In addition to the need to 

monitor the infant's activities, lactating females may also have to be vigilant against both 

conspecifics (e.g. to prevent harmful infant handling behaviour: Wasser 1983; Simpson 

1988) and predators (Biben et al. 1989). Maestripieri (1993b) has shown that vigilance 

rates decrease during maternal allogrooming and that infants experience a higher rate of 

harassment during these periods. The relative risk to infants from such harassment may 

result in the difference found between high- and low-ranking infants in the rate of 

development, and differences in handling are examined in Section 7.4. In Chapter 5 it was 

found that the infants of low-ranking females gained independence at a slower rate than 

the infants of high-ranking females. It was suggested that this difference may be related 

to the difference in the risk from conspecifics faced by infants of different status. 

Maestripieri (1995) has proposed that differences in the potential risks to infants may be 

related to the timing of independent locomotion. The slower rate of development of low- 

ranking infants was related to differences in the length of the post-lactational anoestrus 

period of their mothers. If it can be shown that infants from low-ranking matiilines face 

a significantly different social risk than those from high-ranking matrilines then this may 

be interpreted as a form of competition between females. In the final sections of this 

chapter, differences in the rate at which low- and high-ranking infants are handled are
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examined and the results related to the differences in the rate at which they were seen to 

gain independence (Chapter 5).

7.3 FEMALE GROOMING RELATIONSHIPS

As discussed in Section 6.2, females undergo significant changes in the nature of their 

grooming relationships over lactation. The high level of grooming received by lactating 

females in the early months of life and the low levels of grooming given by lactating 

females (e.g. Dunbar 1979) may put females' social relationships under a period of strain. 

Dunbar and Dunbar (1988) suggest that Altmann's (1980) data may show a period of 

grooming 'pay-back' in the later stages of lactation. Figure 7.1 shows that after the first 

year of infant life, mothers spend more time grooming others than being groomed. This 

period (months 13-18) may be the point at which mothers compensate for levels of 

grooming below baseline earlier in the infant's life. Indeed the difference between time 

spent being groomed and time spent grooming is significant for the first 3 months of infant 

life, with mothers receiving more grooming than they give (Wilcoxon Matched-Pairs: 

month 1: z =-2.201, n=6, p=0.028; month 2: z =-2.023, n=6, p=0.043; month 3: z = 

-2.201, n=6, p=0.028), but by month 14 this is trend significantly reversed (z = -1.992, 

n=7, p=0.046).

The time period covered during this study (13 months for PHG, 11 months for MLK and 

STT) means that there are too few data to follow individual mothers' grooming 

relationships across this time window (fi-om birth to the rise in grooming of others (13-18 

months)). Thus, the 'pay-back' hypothesis cannot be addressed in this thesis, as it relates 

to grooming relationships with specific partners. Therefore, in this section, mothers' 

general grooming patterns are discussed in relation to the changing dynamics of their 

relationships during lactation. The results for approaches and nearest neighbours found 

in Chapter 6 suggest that the period of high social time may not be an active process on 

the part of the mother, but that the period of decreased social time may relate to both a 

decrease in the attractiveness of the lactating female and an avoidance of certain types of
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interaction by the female herself. In this section, the partioning of grooming across age- 

sex classes and during periods of stress are examined to determine whether the patterns 

seen in approach and neighbour data are reflected in mothers' actual social relationships.

Dunbar and Dunbar (1988) used the Buzas-Gibson index to measure the evenness of 

individual female's grooming relationships (see Section 6.4.2). To enable comparison 

between the two studies, H* was calculated for females in each month where there was 

more than 5 minutes of social data and where she was seen to interact with at least one 

adult female. However, since this involves rejecting several months of data, a second 

index was also used to see how females directed grooming time throughout the troop. 

The Krebs' (1989) Electivity Index (El) was used, where;

r; = the percentage of grooming time spent with nj = the relative availability of i; i = 
individual/group of individuals. Availability of each age/sex class was taken as the 
percentage of the troop which compromised of individuals in that category.

El scores can range from 1 (where an age/sex class or individual is highly 'selected' as a 

social partner) to -1 (not selected as a social partner), and are only calculated when there 

is at least one individual available. Electivity indices of grooming by age/sex class were 

calculated for each female by month, where at least 5 min. of grooming data were 

collected. Sexes were divided into 3 age classes: adult, subadult and juvenile (including 

infants). There were no significant differences for control females between wet and dry 

months (Mann-Whitney: p>0.05 in all cases where El could be calculated in both periods) 

or by sexual state (Friedman ANOVA p>0.05 in all cases), so the average of monthly Els 

were calculated for each female. All grooming episodes were included in the analysis, 

regardless of the direction of grooming. El can only be seen as a gross indicator of 

partner selection since it only deals with groups of individuals. Individuals did tend to 

select specific partners, hence there was high variation in El within each age/sex class
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between control females and median values tended to be negative. However, El scores 

may be compared between groups of individuals to examine the relative difference 

between them.

Females differed between troops in El score for grooming with adult females (Fig. 7.2: 

median(pHG)= -0.46 (range: -0.68 - -0.38), median(MLK>= 0.39 (range: -0.66 - -0.01), 

median(STT)= -0.71 (range: -1.00 - -0.52): Kruskal-Wallis ANOVA: = 6.878, df=2,

p=0.032) but there were no significant differences between El for other age/sex classes. 

Post-hoc conparisons showed that STT controls had significantly lower electivity indices 

for adult females than PHG and MLK controls (p<0.05). This difference led to STT and 

MLK/PHG being considered separately when looking at rank effects and suggests females 

do not increase their grooming in relation to the cohort size of adult females. In neither 

case was there a significant difference between high- and low-ranking females (p>0.05).

Electivity indices were also calculated for 'kin' and 'non-kin' animals in each age sex class 

(excluding adult males). As kin relationships in STT are partly inferred (see Sambrook 

1995; Section 6.3.2), females were classed as kin only up to the level of aunt 

(0.125<r<0.25) in all troops, and juvenile/subadult animals to the level of cousin. 

However, it is possible that several juvenile animals may have been excluded from the kin 

category in STT, as STT control females were found to have a higher electivity index for 

juvenile female non-kin than those in PHG and MLK (Fig. 7.3: median(pHo= -0.89 (range: 

-1.00 - -0.47), median(MLK)= -0.81 (range: -1.0 0- -0.64), median^g^D  ̂-0 41 (range: -0.88 

- -0.15): = 6.788, df=2, p=0.034; post-hoc comparisons showing STT>PHG and

STT>MLK, p<0.05), whilst there was no difference in the El for juvenile female kin (Fig. 

7.4: median(pHG)= 0.21 (range: -0.53 - +0.71), median(MLK)= -0-12 (range: -0.53 - -0.04), 

median̂ sYT)" 23 (range: -1.00 - +0.91): = 0.243, df=2, p=0.607). In most cases the

sangle size of females with kin in each age-sex class were too small to compare electivity 

indices between kin and non-kin. However, for juvenile females this difference was 

significant, with females having higher electivity index values for kin (Wilcoxon Matched- 

Pairs: z -  -2.741, n=16, p=0.006).
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Figure 7 2; Median control Electivity Index score for grooming with adult females by troop.

-0.2

I -
!..

-0.8

MLK. STTPHG

Figure 7.3: Median control Electivity Index score for groomuig with juvenile female non-kin by troop.

-0 8 h

PHG MLK STT

Figure 7.4 Median control Electivity Index score for grooming with juvenile female km by troop.

0.2

-0.4

-06

-0.8 f

PHG MLK STT

214



Due to the differences found between troops in El for grooming with adult females, the 

median El for each age-sex class was calculated for each troop and mothers were 

compared to the troop El scores. In the first month of life, mothers had significantly 

higher El scores for both adult and juvenile females (adult females: z = -2.023, n=5, 

p=0.043; juvenile females: z = -2.023, n=5, p=0.043). This result again shows that 

females with infants are attractive social partners to both adult and juvenile females. If the 

El scores for age-sex classes are partitioned into kin and non-kin, then there is no 

significant difference between mothers and controls for electivity of kin animals in both 

age classes, suggesting that all females select kin as grooming partners. However, for 

female juvenile non-kin, electivity scores are significantly higher than controls in months 

1-4 (month 1: z = -2.023, n=5, p=0.043; month 2: z = -2.023, n=5, p=0.043; month 3: 

z = -1.992, n=6, p=0.046; month 4: z = -2.028, n=7, p=0.043), indicating that the elevated 

grooming of new mothers is a result of an increase in interactions with unrelated 

individuals and that these are primarily juvenile females (e.g. Cheney 1978).

To the investigate the partitioning of social time between months where mothers may have 

been under food 'stress', females months were divided into 'critical' and 'normal' months 

(cf. Dunbar and Dunbar 1988), using the criterion that a critical month was when females 

spent more time feeding and foraging than the troop baseline (see Chapter 3). The Buzas- 

Gibson index was used to examine whether mothers concentrated grooming relationships 

on particular adult females in critical months. Comparing 'normal' and 'critical' months 

showed no significant difference in the evenness with which mothers distributed grooming 

time among other adult females (Table 7.1, data only available for 10 females: Wilcoxon 

Matched-Pairs: z = -0.561, n=10, p=0.575). However, the limitation of this index (when 

no interactions are seen, see Section 6.4), means that scores in several 'critical' months 

could not be calculated, and this constraint means that the relationship between time 

budget stress and female social allocation may have been obscured.
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Table 7.1: Median Buzas-Gibson index score for grooming with adult females in normal 
and critical months (see text).

I.D. H* (normal months) H* (critical months)

AL 0.081 0.080

DC 0.209 0.167

ES 0.057 0.063

MS 0.325 0.125

MV 0.143 0.134

MY 0.178 0.155

TE 0.260 0.196

YT 0.243 0.276

ZL 0.181 0.255

ZN 0.183 0.220

Indeed, comparing a mother's median El values in 'critical' and 'normal' months showed 

that for juvenile females, the score in normal months was higher than in 'critical' months 

(Table 7.2: z = -2.045, n=l 1, p=0.041). This suggests that mothers groomed with juvenile 

females less when they were under some form of time budget stress. However, as shown 

in Chapter 3, the months when feeding and foraging time is above baseline occurs in the 

later period of lactation, and as shown above, this is a phase of decreased attractiveness 

of the mother. Thus, it may not be that females are actively concentrating on 'preferred' 

social partners (presumably kin and adult females), but that this shift is a result of the 

decreased number of approaches and motivation for 'casual' partners to interact and 

groom with mothers.

Although studies have shown the inportance of coalition partners to females (e.g. Chapais 

1992), and it is assumed that grooming is one of the primary mechanisms through which 

coalitionary aid is obtained, few instances of adult female coalitions were observed during 

this study. Only 35 coalitions were observed in focal animal samples over the entire study 

period (coalitions were defined as agonistic interactions in which two or more animals 

directed any aggressive behaviour towards one or more individual(s)). Of these, 16
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interactions involved more than one adult female, only 10 of which consisted of coalitions 

between two adult females. Due to the small number of coalitions, it is difficult to 

conçare differences between females in rates of coalitionary behaviour (the rate of adult 

female coalitions over all locals being approximately 0.01 per hour). Therefore, these are 

only discussed qualitatively and rates are not calculated individually. Of the ten coalitions 

formed between adult females, in 4 cases the female (A) supported/was supported by an 

individual with whom grooming was observed during A's focal in the same month (in 3 out 

of 4 of these cases it was the focal who was supported), in one case A supported her 

mother. 7/10 of the coalitions involved a higher ranked female giving aid and in all these 

cases rank difference was 1. Rank distance in the other 3 adult female coalitions (with the 

supporter being lower ranked) was 1,2 and 8.

Table 7.2: Median Electivity Index score for grooming with juvenile females in normal 
and critical months (see text).

I D . El (normal months) El (critical months)

AL +0.32 -1.00

DC -0.21 -0.71

ES +0.55 +0.45

MS +0.43 -0.30

MV -0.02 -0.46

MY -0.18 -0.28

TE +0.24 +0.43

YT +0.35 -0.22

ZL -0.28 +0.09

ZN -0.70 -1.00

Only one adult female coalition was directed against another adult female, where two 

adjacently ranked females threatened a mid-ranking female (support was given down the 

hierarchy). Of the 35 coalitions, 13 were formed between kin, and 8 with adult/subadult 

males, 8 with unrelated adult females and 6 with unrelated juvenile females. In 4/6 cases 

of coalitions with juvenile females were with females of lower-ranked matrilines. Although
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these results cannot be related to female grooming relationships, it does appear that 

closely ranked females and kin are the primary partners with whom coalitions are formed 

(see e.g. Massey 1977). In only one case of coalition formation with adult/subadult males 

was aggression directed against another adult female. This was also the only case in 

which a coalition 'up the hierarchy' was seen. A further 35 coalitions were recorded in ad 

lib. notes, and although more coalitions did occur during observation, focal animal 

sampling took priority over other recording. 21 of these involved more than one adult 

female, of which 6 were coalitions between adult females (and in two of these aggression 

was directed towards another adult female). Again, the rank difference between females 

was small (median =1).

7.4 POTENTIAL REPRODUCTIVE COMPETITION

7.4.1 Infant handling as reproductive competition

There are several hypotheses concerning the function of infant handling, which tend to be 

non-competing and it is generally accepted that individuals have different motivations for 

handling behaviour (see Maestripieri 1994a for review). Wasser (1983) has suggested 

that handling in the first 3 months of life may be a subtle form of harassment, as infants 

are most vulnerable to separation from their mothers and several authors have identified 

infant handling by certain individuals as an aggressive behaviour (Hrdy 1976; Altmann 

1980; Wasser and Barash 1981). Kidnapping has been noted in several different primate 

species, and in some cases this has proved to be fatal for the infant (e.g. Silk 1980; 

Shopland and Altmann 1987; Schino et al. 1993). However, no instances of infant 

kidnapping by adult females were observed during this study and in no case was an infant 

seen to be taken from the mother for more than a few hours. Kidnapping appeared to be 

a behaviour limited to a small number of individuals, with particular juvenile females (from 

high-ranking matrilines) repeatedly trying to take infants. D.Castles (pers.comm.) 

observed two instances of overnight kidnapping in STT after the conclusion of this study. 

The same juvenile female (DH; see Fig. Ic) was responsible in both cases, and the longest
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episode (~ IVi days) was a kidnapping of her sibling (DO, bom after the end of this 

study). In neither case did the infant die, although DO was reported as being in a highly 

dehydrated state when her mother retrieved her.

The rate at which infants were handled by individuals other than the mother decreased 

with age (Fig. 7.5) and after 9 months infants were rarely handled by others. However, 

since handling episodes may have been biased towards times when the infant was out of 

the mother's (and observer's) sight, the following analyses are restricted to the first year 

of life. There were no significant differences between troops in the rate at which infants 

were handled in any month of age, despite the differences in troop size (Kruskal-Wallis 

ANOVA: p>0.05). Data from all mothers were therefore pooled to examine the effect of 

maternal dominance rank on rate of handling. There were no significant differences 

between high- and low-ranking females in the total rate at which their infants were 

handled at any age between 1 and 12 months. However, when handling was divided into 

'rough' handling and 'gentle' handling (see Chapter 2 for definitions), then in the first 

month of life infants of low-ranking females were 'roughly' handled at significantly higher 

rates than the infants of high-ranking females (Mann-Whitney: month 1: n=3=3: gentle 

handling: z = -0.258, p=0.796; rough handling: z = -1.993, p=0.046). Although this 

difference was not significant in later months. Figure 7.6a shows that the median rate of 

rough handling was higher for infants of low-ranking females in all months.

Wasser (1983) proposed that 'rough' handling could be related to reproductive 

competition and predicted that the highest levels of such attention to infants would be 

shown by adult females. There was no significant difference by age in the rate of handling 

by adult and subadult females and handling by other individuals, even though adult females 

represented a smaller proportion of each troop than the other age-sex classes combined, 

which may suggest that adult females did handle infants more than would be expected. 

However, nearly all other handling was performed by juvenile females, who generally 

represented a smaller proportion of individuals than adult females, and so adult females 

cannot be seen as handling infants at a greater rate than other individuals who interact
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Figure 7.5: Median rate at which infant was handled by individuals other than the mother over infant age.
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with infants.

If handling is divided into that given by adult and subadult females, then the difference 

between high- and low-ranking females in the rate of rough handling was no longer 

significant in month 1. Indeed, the level of 'gentle' handling in month 2 then became 

significant, with the infants of low-ranking females being handled gently more often than 

the infants of high-ranking females. (Mann-Whitney, n=3, n=3: month 1: 'gentle': z -  

-0.258, p=0.796; 'rough': z = -1.159, p=0.246; month 2: 'gentle': z -  -2.087, p=0.037; 

'rough': z = -2.549, p=0.121). Although these results show that infants of low-ranking 

females are not roughly handled more often by mature females than the infants of high- 

ranking females, they should be considered in relation to the finding in Chapter 5 that low- 

ranking females' infants spent more time close to the mother than those of high-ranking 

females. It may be that the risk posed to low-ranking infants is higher and they avoid 

harmful handling episodes by maintaining closer proximity to their mothers. The higher 

overall level of rough handling found above may reflect the fact that juveniles are more 

willing to handle low-ranking infants due to a lower perceived risk of attack from the 

mother.

There were rto differences between the rate of handling for infants based on either the 

presence/absence of juvenile kin/adult kin, or the presence/absence of a grandmother. 

However, the number of infants with a grandmother or without other kin were small. If 

Wasser's (1983) hypothesis that handling is related to reproductive competition is correct, 

then it may be expected that adult females would handle female infants at a higher rate 

than male infants. Other studies have indicated that mothers of female infants receive 

more aggression than mothers of male infants (e.g. Simpson and Simpson 1985; Martel 

et al. 1994), and even that pregnant females carrying female foetuses receive more 

aggression than mothers with male foetuses (e.g. Sackett 1981; but see Silk 1987). This 

may reflect the interaction between sex and rank, and be related to the male-biased sex 

ratio seen in low-ranking females (see Chapter 5). When analyses were conducted month 

by month then adult females handled female infants at a higher rate than males in the first

222



two months of life (Mann-Whitney, n=4=2: month 1: 'gentle': z = -2.191, p=0.029; 'rough': 

z = -2.191, p=0.029; month 2: 'gentle': z = -2.191, p=0.029; 'rough': z = -2.191, p=0.029). 

The difference in handling by other individuals was only significant in month 2 (Mann- 

Whitney, n=4=2: month 1: 'gentle': z -  -1.414, p=0.157; 'rough': z = -0.822, p=0.411; 

month 2: 'gentle': z = -2.191, p=0.029; rough': z = -2.191, p=0.029).

Wasser (1983) also argues that females should differ in the rate at which they handle 

infants and found 'reproductive-state dependent' differences between females in the rate 

of handling (see also Maestripieri 1994a,b; Maestripieri and Wallen 1995). However, for 

the 7 control females for whom there are data there was no difference between states (as 

above) in the rate of infant handling (Friedman ANOVA: Fr = 0.071, df=2, p>0.05) and 

so data for controls were averaged for all months. There were no significant differences 

between controls in the rate of either gentle or rough handling by either troop or rank 

(p>0.05 for all tests cf. Wasser 1983). Data for mothers was considered in four infant 

time blocks (1-3 months, 4-6 months, 7-12 months and more than 12 months) and the 

average rate of handling for each mother was calculated in each block. There were no 

significant differences between mothers by troop or rank or between mothers and control 

females in any age period (Mann-Whitney: p>0.05).

There results contrast with those of Wasser (1983), and do not support his predictions for 

the reproductive competition' explanation of infant handling behaviour. It is possible that 

the small data set is insufficient to highlight these differences. However, if adult female 

infant handling behaviour is ultimately concerned with decreasing the lifetime reproductive 

success of conpetitors (and therefore increasing their own relative reproductive success) 

rather than the level of con^etition faced by their own infants, then there does not appear 

to be any reason why it should be confined to high-ranking females or those females in 

specific reproductive states. Alternatively, as handling of infants was not seen to have any 

direct adverse effects on the infants' survival prospects during this study (there were no 

significant difference in rate of rough or gentle handling between infants who lived and 

those who died at any age: Mann-Whitney p>0.05), it may be that handling did not
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constitute a form of infant harassment, and there is some other explanation for the 

behaviour (e.g.'leaming to mother': Lancaster 1971; 'cute'/reproductive error': Quaitt 

1979).

However, the differences in handling between male and female infants and between low- 

and high-ranking infants cannot be seen as simply the result of differences in 

'attractiveness' as there were no differences between infants in the rate at which other 

individuals directed lipsmacking/brief touching ('attention to infant', see Chapter 2) 

towards them on the basis of troop, maternal rank or infant sex (p>0.05 in all cases). 

Attention to infant decreased rapidly after the first 3 months of life (see Fig. 7.7) and for 

all mothers, the rate of 'attention to infant' was negatively correlated with age. The 

general decline in attractiveness of the infant can be seen to mirror the decline in 

approaches to the mother (Fig. 6.2a-b) and the decline in the amount of grooming directed 

to the mother (Fig. 7.1).

There was also little evidence for differences in female-female aggression directed 

towards, or by mothers over infant age (only adult and subadult females were included in 

the following analysis). Aggressive interactions between females occurred at a low rate 

during this study. Aggression was divided into two categories: threat and chase/attack. 

The mean monthly rate of receiving aggression for low-ranking mothers was 0.00 threats 

per 100 min. and 0.07 chase/attacks per 100 min. The comparable figure for high-ranking 

mothers was 0.04 threats per 100 min. and 0.00 chase/attacks per 100 min. There was 

no difference for individual females in the rate of receiving or directing aggression over 

the first and second six months of infant life (Wilcoxon Matched-Pairs, n=7: receiving 

aggression: threats: z = -0.535, p=0.593; chase/attack: z = -1.826, p=0.670: directing 

aggression: threats: z = 0.00, p= 1.000; chase/attack: z = -0.447, p=0.655).

It may be that the low rate of handling and aggression directed towards the mother seen 

in this study are, in part, a reflection of male/female relationships. 'Friendships' between 

male and female baboons are well documented (see Strum 1982; Smuts 1985), and have
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Figure 7.7: Median rate at which infant received 'attention' over infant age.
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been demonstrated to occur in this population (Sambrook 1995). Male 'friends' have been 

seen to defend both females and infants from aggression by conspecifics (Smuts 1985) and 

it is possible that the presence of friends deterred other individuals from attacking/harming 

infants. Although the costs and benefits of association with particular males to mothers 

or the dynamics of male-female relationships are not addressed here, the possibility that 

low-ranking females were more likely to be close to males in early infant life than high- 

ranking females was examined. Females' data were divided into 3 month time blocks (1-3 

months, 4-6 months, 7-9 months, 10-12 months), and the average number of males within 

0-2m, and 2-5m was compared between high- and low-ranking females (only data for 

adult males were considered, as PHG had no subadult males for more than half of the 

study). There were no differences between the number of males at either distance for 

these two groups in any time block (Mann-Whitney: p>0.05). Mothers did however, 

appear to associate with particular males. A gross indicator of friendship was taken as 

being the percentage of grooming episodes with males recorded in ad lib. notes devoted 

to each male. 8/13 mothers directed more than 50% of their grooming towards one male, 

and for 8/13 mothers the male who received the highest percentage of grooming in ad lib. 

notes was also the male who received the highest percentage of grooming episodes 

recorded in focal sampling. During the 15-min, point samples, identity of all animals 

within 0-2m and 2-5m was recorded, and again there was a trend for 1-2 males to be 

associated with particular mothers (spending more than 10% of the time within 5m of the 

mother). Only one female (CN) appeared to have no 'friend' under these criteria. The low 

rate of handling and female-female aggression seen in this study means that it is difficult 

to relate 'risk' to infant to the presence/absence of a male friend. However, given that 

males are seen to defend infants it may be that the lack of harmful infant handling in this 

study is in part a consequence of 'friendships'.

7.4.2 Reproductive competition in cycling females.

High-ranking females were shown to have shorter average interbirth intervals and shorter 

average periods of post-lactational anoestrus (see Sections 4.9.2 and 5.3.2). It was
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suggested that this was more likely to be related to the higher level of food intake of high- 

ranking females, however, the possibility that females engaged in active reproductive 

conçetition was discussed. Harrassment by other adult females during oestrus has been 

suggested as a means by which dominant animals interrupt the fertile cycles of 

subordinates and lower their reproductive rates (e.g. Wasser 1983). Dunbar (1980) found 

that females were significantly more likely to be harrassed by other adult females during 

the oestrus phase of the menstrual cycle than during other stages. During this study the 

sexual swelling of females were recorded on a daily basis and therfore it is possible to 

compare the rate of threats and attacks directed towards the female in 'swelling' and 

'detumescent/flat/menstrual' phases of the cycle. Swelling size was recorded on a scale 

of one to four (see Marsh 1992; Appendix D) and ovulation occurs around the time of 

peak swelling. There were too few data for each female to compare rates of aggression 

at peak swelling with rates across the rest of the cycle, and so data were compared 

between all stages of swelling and other anoestrus phases. Data were excluded if there 

were less than one hour in either phase for each control female. All agonistic acts directed 

towards the focal by adult and subadult females were included in this analysis, and the rate 

calculated over all focal data. There were no significant differences between 'oestrus' and 

'anoestrus' phases in the rate at which controls received aggression from other mature 

females (see Table 7.3: Wilcoxon Matched-Pairs: z = -0.153, n=16, p=0.879), although 

the number of ties was high. Four of the six low-ranking females received more 

aggression when swelling than at other periods but again, the rate of aggression seen is 

low, and to what extent this interfered with the reproductive physiology cannot be 

determined. The lack of an obvious trend towards harassment during swelling phases 

again suggests that any reproductive advantage accrued by high-ranking females was 

mediated through improved nutrition.

Barton (1993) has shown that feeding intake is positively related to the rate at which 

females supplant others. Individual supplant rates were calculated in each moth and 

compared between wet and dry months, but in only one out of the seventeen control 

females was there a significant difference (Mann-Whitney: all other cases: p>0.05) and so
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average monthly supplant rate was calculated for each female. There were no differences 

between the troops in the rate of supplanting (Kruskal-Wallis ANOVA: = -3.58, df=2,

p=0.167), but the difference between high- and low-ranking females approached 

significance (median̂ jgh = 0.28 per 100 min. (range 0.0-1.14), medianj^  ̂= 0.00 per 100 

min. (range 0.00-0.28); Mann-Whitney: z -  -1.928, n=6=l 1, p=0.054). Very few females 

concieved during the study period, and of the females whose infants died, none conceived 

before June 1994 after the end of the drought. This again suggests that differences in the 

level of nutrition may be the primary factor determining female reproductive success in 

this population.

Table 7.3: Rate of aggression (acts per 100 min.) received by focal animals from adult and

I.D. Swelling Flat/Menstrual/Detumescent Rank

AA 0.56 0.43 L

AM 0.00 0.17 H

DE 0.00 0.00 H

DK 0.00 0.00 H

DL 0.00 0.00 H

GT 0.00 0.00 L

JO 0.00 0.09 L

KE 0.00 0.42 H

KY 0.22 0.00 H

LZ 0.48 0.00 L

MC 0.00 0.00 H

OR 0.42 0.24 L

RM 1.01 0.26 L

SC 0.00 0.83 H

TW 0.00 0.00 H

WT 0.00 0.83 H

Further support for this hypothesis comes from the data for females whose infants died. 

Whilst it was shown in Chapter 4 that the conceptions after the death of an infant were
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not related to biomass or rainfall measures, the long period spent cycling by many of the 

females during this study suggests that the drought conditions experienced may have led 

to the suppression of ovulation. High-ranking females did have a shorter average period 

between the resunption of cycling and conception after the death of an infant, but this was 

not significant (Table 7.4: Mann-Whimey: including primipares: z -  -1.296, n=6=9, 

p=0.195; excluding primipares: z = -1.291, n=6=8, p=0.197).

Table 7.4: Length of period between resumption of cycling and conception in days for

Rank Mean standard deviation Median Range n

Low 249 107 280 101-363 6

H ig h  (inc.primipare) 173 95 133 57-341 9

H ig h  (exc. primipare) 171 89 134 57-341 8

There was similarly no significant difference in the length of time spent cycling between 

old and young females (Mann-Whitney: including primipare: z = -0.116, n=8=7, p=0.908; 

excluding primipare: z = -0.064, n=7=7, p=0.949). There was however, a significant 

correlation between the number of days between the resumption of cycling and the end 

of the 'dry' months' and the length of time spent cycling (Fig. 7.8: Kendall's taw. including 

primipare: T -  0.753, n=13, p>0.001; excluding primipare: T = 0.800, n=12, p>0.001). 

Relative rank (the percentage of adult females dominated), was also unrelated to the 

interval between the resumption of cycles and conception (Fig. 7.9: Kendall's tau: 

including primipare: T = -0.260, n=13, p=0.903; excluding primipare: T = -0.031, n=12, 

p=0.890). When the length of time spent cycling in dry months was controlled for, 

relative rank was still not significant, although there was a trend towards a negative 

relationship when the primiparous female was excluded (Kendall's partial correlation: 

including primipare: = -0.210, n=13, p>0.100; excluding primipare: = -0.366,

n=12, p<0.100). These results suggest that the nutritional stress of the drought was 

severe enough to significantly affect females' reproductive potential, and indicate that 

under drought conditions many cycles may be anovulatory. This finding also shows that
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Figure 7.8: Relationship between the number o f days between the resumption of cycling and the end of the dry season 

and the number of days between the resumption of cycling and conception.
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under such conditions females may all conceive at around the same time if there has been 

a significant level of infant mortality, and this may lead to birth 'peaks' within populations 

(see Fig.7.10; S.Strum pers. comm.). The slight trend towards shorter intervals between 

the resumption of cycling and conception after controlling for drought effects indicates 

that rank may influence the number of cycles needed to conceive when levels of resource 

availability are not severely restricted.

7.5 FEMALE VIGILANCE

The conditional probabilities of being vigilant during the four major activity categories 

were calculated for each female (data were excluded if there were less than 5 min. in each 

activity). Vigilance during moving time was consistently high for all females (mean (controls) 

= 97.56, sd=2.34 (mean of control females monthly mean)) and data for moving time are 

not included in the following analyses. Friedman ANOVAs for individual control females' 

monthly vigilance data by activity were significant in each case (p<0.05) and in general, 

vigilance during resting time was significantly higher than vigilance during both social and 

feeding time (mean (rĉq = 79.82, sd=l 1.94; mean (social) = 18.90, sd= 11.53; mean = 

18.94, sd=6.72). There were no differences between troops in the amount of time spent 

vigilant during feeding, resting or social activity. This result is counter to the argument 

that vigilance should decrease with group size, however, there are several different 

hypotheses for the function of vigilance which are not necessarily exclusive (see e.g. 

Knight and Knight 1986; Elgar 1989; Cowlishaw 1993). As direction of gaze was not 

recorded it is not possible to distinguish whether monitoring was directed at conspecifics 

or outside the group.

There were few differences between mothers and control females in vigilance levels during 

any activity, for each month of life. Mothers were significantly more vigilant than controls 

during social activity in months 1-3 and less vigilant in month 13 (Mann-Whimey tests: 

p<0.05). This difference most probably reflects the change in mothers' grooming 

relationships over infant age, as females tended to be more vigilant when being groomed
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Figure 7.10: Timing o f  conceptions in relation to infant deaths and female miscarriage.
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than when grooming others, rather than a change in perceptions of risk (either from 

conspecifics or predators). Although it could be argued that mothers avoid grooming in 

order to remain vigilant against others, the results in this chapter suggest that increases 

in the percentage of grooming received from others are more a result of increased 

attention. There were no significant differences between high- and low-ranking mothers 

in the level of vigilance during any of the four activity categories.

Maternal vigilance levels were calculated when the infant was in and out of contact. 

However, the high percentage of time spent in contact in the early months of life (Section

5.2) meant that comparisons between conditions could not be made due to small sample 

size. There were no significant differences in mothers' levels of vigilance based on infant 

position at later ages, nor did any rank effects emerge.

Cowlishaw (1993) similarly found no difference between mothers and non-lactating 

females in levels of vigilance, and it may be that the measure used in both these studies is 

too crude to detect variations in monitoring rates. He did find that both spatial positioning 

within the troop and distance to refuge had a strong effect on patterns of vigilance. 

Maternal vigilance data were used to investigate whether these effects could be seen in 

the present study.

Firstly, vigilance rates were related to the number of neighbours within 10m. Data sets 

were partitioned into three different neighbour densities, 0-4, 5-10 and more than 10 

animals within 10m. Rates of vigilance were significantly different between conditions 

(Friedman ANOVA: Fr = 12.462, df=2, p=0.002), with vigilance decreasing as the 

number of neighbours increased. (n=13: median(o^) = 49.5% (43.6-57.9%), median(5 .io) 

= 39.2% (30.1-61.9%), median(io+) = 35.8% (20.8-58.3%)). Post-hoc multiple 

comparisons showed that the difference between the two extreme conditions is significant 

at p<0.05 level. Secondly, vigilance rates increased when females were not on a 'refuge' 

(see Chapter 2 for definitions), (Friedman ANOVA: distance to refuge: Om, 1-lOm and 

10m+: Fr = 15.167, df=2, p=0.005). (n=12, median̂ om) = 19.1% (0.0-45.5%), median .̂ion,)

233



= 49.5% (36.6-55.7%); median(iom+) = 42.3% (31.9-69.6%)). Post-hoc comparisons 

showing that vigilance was significantly higher at refuge distances of 1-10m and lOfm 

than at Om (p<0.05).

Whilst there is obviously a relationship between neighbour density (and possibly distance 

to refuge) and activity, these results do reveal a general pattern of increased monitoring 

as potential predation risk increases. It is possible that more detailed data on individual 

glance rates may reveal differences in response to social risk, but the data presented here 

are insufficient to demonstrate such effects.

7.6 SUMMARY

Evidence from baboons shows that female reproductive competition can occur in each 

reproductive state. Dunbar (1980) found that subordinate females took longer to 

conceive than dominant females and related this to the selective harassment of 

subordinates during oestrus. Similarly, Hausfater (1975) found that females had a higher 

probability of being wounded by other troop members during oestrus than during other 

reproductive states. Silk (1987a) found that females in late pregnancy received higher 

levels of aggression and suggested that this may also be a form of reproductive 

conçetition, either by reducing the viability of the foetus or the mother's ability to provide 

care after birth (see also Silk and Boyd 1983).

Here it was shown that in the first two months of life, females were handled more than 

males and low-ranking infants were roughly handled more than high-ranking infants. 

These results lend some support to the hypothesis that infant handling is in some cases a 

form of reproductive competition. However, the lack of a significant rank difference in 

the rate of rough handling received from adult and subadult females appears contrary to 

this. Maestripieri (1994a) in a review of explanations for infant handling behaviour, 

emphasises the need to evaluate handling within the general context of female social 

relationships. The costs and benefits of handling to both the mother and infant are unclear
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and difficult to define and measure, but given that infants are at risk of injury or 

kidnapping, each handling event may be seen as potentially hazardous. Therefore any 

differences in the rate at which other individuals make contact with the infant may be seen 

as a difference in the relative social risk.

The fact that no sex or rank differences in vigilance were found, despite the differences 

in handling, is surprising, although it may be that the data collected were not detailed 

enough to reveal any effects. The slower rate of development of spatial independence in 

low-ranking females may represent a strategy of risk avoidance for low-ranking infants 

and mothers. By maintaining close proximity to their mothers, infants may reduce the 

probability of harassment, as other animals may want to avoid the potential for escalated 

aggression and mothers may be better able to 'protect' their infants. The existence of male 

friends in baboons is also proposed to reduce the probability of harassment. There was 

also little evidence for increased levels of aggression directed towards females during the 

sweling phase of thier cycle, and given the findings of this study it appears that differences 

in reproductive rates may be more related to nutritional factors than direct reproductive 

competition
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8. CONCLUDING DISCUSSION

8.1 INTRODUCTION

In this chapter, the results presented in this thesis are summarised and the relationships 

found during this study are placed in the context of other studies of primate females and 

their reproductive strategies. Before discussing the results of this thesis, there are three 

factors which should be taken into account. Firstly, the small sample size, secondly, the 

extreme conditions of the first two-thirds of this study and three, the histories of the study 

troops. The small sample size of mothers followed during this study means that firm 

conclusions as to the nature of the effect of both environmental factors and social factors 

on maternal investment strategies cannot be made. However, all available mothers in the 

three study troops (n=35 adult females) were included in data collection and the small 

sample size is a consequence of the high level of mortality during the study period. The 

relatively slow reproductive rates of baboons mean that studies of maternal investment are 

hampered by small samples; the previous three investigations of the maternal time budgets 

model had maximum sample sizes of ten (Altmann 1980; Dunbar and Dunbar 1988) and 

five (Lycett 1995). Whilst long-term studies can provide details of relevant reproductive 

parameters and resource availability, without the concomitant collection of behavioural 

data from mothers, the relative importance of some of the suggested interactions 

suggested in this thesis cannot be determined.

Although this study was conducted during a period of low food availability, which 

affected both the human and baboon populations, Chololo is located in an area where 

periodic droughts occur. Rainfall is highly variable from year to year (see Marsh 1992) 

and this environmental variability may be a primary determinant of the level of maternal 

care invested in each offspring. Thus, although rainfall and the level of resource 

availability during this study may not have been normal, they represent one end of the 

range of ecological conditions to which the baboons have to respond.
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Differences between the three groups also suggest that some caution should be attached 

to the interpretation of the results. Two of the troops are not indigenous to the area and, 

although translocation occurred ten years ago, only three of the mothers in MLK and 

PHG were bom in Laikipia. Females in MLK and PHG were less timid than those in STT 

and were more likely to participate in the raiding of local homesteads. However, there has 

been no provisioning of these animals by the projects for some years, and to what extent 

translocation has affected other aspects of their behaviour is unclear. Since this study was 

primarily concerned with the constraints acing upon maternal investment decisions, it is 

assumed that the strategies employed by animals will, in part, be a reaction to these 

constraints, and that low food availability affects both indigenous and translocated animals 

in a similar fashion. However, it should be noted that raiding, and the consumption of 

human foods, were almost solely confined to females in the translocated troops and these 

behaviours may have led to a higher quality diet than that of STT mothers.

8.2 OVERVIEW OF THESIS

8.2.1 Ecological variability and maternal investment

Altmann's (1980) deterministic model did not accurately describe the data collected during 

this study. The reasons for this were twofold, and interrelated. Firstly, the model's 

predictions appeared to be highly sensitive to the values chosen for the parameters. In 

principle the efficiency of lactation can be estimated from experimental studies and 

maternal weight and infant growth rates from weighing in the field. However, these 

parameters may differ between animals and in free-living populations, individual weights 

have proved hard to determine without immobilisation. Indeed, it is suggested in this 

thesis that both infant growth rate and maternal weight will change over the course of 

lactation, and thus to determine the extent to which parameters vary across both 

individuals and time will need repeated measures. Maternal energy expenditure and 

energy intake will be affected by the level of food availability, and this in turn will 

influence the quality and quantity of milk produced. Within limits, the energy demands
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of the infant will adapt to the level of nutrient provision from the mother, and growth rates 

will vary under this constraint.

The variance in the value of parameters relates to the second reason of the model's failure 

to predict the time mothers allocate to feeding; that is that the underlying assumptions of 

the model were not met. The assumption that relates energetic demands to feeding time 

per se cannot be frilly justified. Although this study did not address differences in feeding 

rates between females, there is much evidence that these will differ between animals (e.g. 

Whitten 1983; Stacey 1986; Deutsch and Lee 1991; Barton 1993) and in part this may be 

related to reproductive state (e.g. Barton 1989). The assumptions that;

i. energetic requirements are essentially fixed for each mother and infant, and mothers will 

rely solely on increases in feeding time (or energy intake) to meet these requirements, and;

a. that the energetic intake of pregnant females will reflect only the current needs of the 

female and foetus, and by extension, that cycling females will have a constant energetic 

requirement, are also unjustified.

Mothers were shown to lose condition over infant age, even when feeding and foraging 

times were above troop baseline, indicating that body reserves play a significant role in 

the maintenance of the infant. Although free-ranging baboons under naturalistic feeding 

conditions have a low level of body fat (-2%; see Altmann et al 1993) it appears both this 

and lean body tissue may be metabolised as a buffer against environmental degradation. 

Most studies of baboon lactation have taken place in laboratories, and whilst milk output 

was not greatly affected by dietary restriction, captive baboons are consistently heavier 

than free ranging baboons, and have a far higher body fat to body weight ratio (e.g. Buss 

and Read 1970 ; Roberts et a l 1982). Under dietary restriction, captive baboons have 

been shown to utilise fat stores to maintain milk quality. Studies of other mammals with 

minimal levels of body fat have also been shown to rely body reserves to sustain lactation 

(e.g. cheetahs: Laurenson 1995) Thus, the cost of lactation appears to be manifested in
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a depletion of body reserves and this cost may be reflected in the feeding patterns of non- 

lactating females. Although cycling females may not have to bear the additional energetic 

costs of an infant or foetus, they may still have to replace body reserves that were lost 

during lactation, in order to reach a level of condition at which conception can occur. 

Indeed, given that the environment is characterised by seasonal bottlenecks (Barton 1989; 

Marsh 1992), one option for females may be to maximise their intake over all periods of 

the reproductive cycle. If energy surplus can be stored as body fat, then periods of 

scarcity in the future may be buffered against. The high level of body condition in 

pregnant females and possible increases in their nutritional intake above the level required 

for foetal growth and maternal maintenance should also be considered in relation to this 

hypothesis.

The limits to feeding and foraging time and energetic intake, imposed by predation risk 

(e.g. Festa-Bianchet 1988), the need for social activities (e.g. Dunbar and Dunbar 1988), 

and gut capacity (e.g. Janson and van Schaik 1988), means that there will be a ceiling on 

the amount of energy that can be stored. In addition, the cost of carrying excess body fat 

may be prohibitive, and mean that energy cannot be stored for future reproductive effort 

(Pond 1977). However, in a free-living population of yellow baboons, individuals in a 

group that had access to a refuse tip have been shown to have a comparable level of 

energy intake to individuals in a wild-feeding group, whilst expending 16% less energy 

(Altmann et a l 1993). This translated into an average of 23% body fat, suggesting that 

when conditions allow, baboons will translate improved nutrition into increased body 

reserves, rather than regulating intake to daily needs. Although the level of food 

availability at Chololo would not appear to allow females to increase energetic intake to 

the levels of a refuse-feeding population, a previous study at this site has suggested that 

the carryover of energetic costs from one reproductive state to the next may be the reason 

why there were no significant differences in food intake between cycling and pregnant 

females (Barton 1989). These studies highlight the fact that lactation cannot be isolated 

as a separate reproductive event and illustrate the importance of considering female 

investment strategies in relation to the life history patterns.
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The fact that mothers did not appear to be fulfilling their energy requirements through 

increased feeding time and were having to draw on energy stores indicates that strategies 

for energy conservation may have to be employed. In this study, it is suggested that 

increased resting may represent an important compensatory strategy. By increasing 

resting time, energetic requirements are lowered and reduced foraging time leads to 

decreases in moving time. This has been observed in a number of species (see Section 

3.6.1; Wade and Schneider 1992), and may be a strategy employed only when 

environmental conditions are such that the high demands of lactation are unlikely to be 

met from increased feeding time. A further way in which the energetic requirements of 

lactation are suggested to be lowered is through slower infant growth rates when milk 

quality/quantity is reduced. Whilst the infants during this study were not weighed, and 

this hypothesis cannot be related to actual variance in the rate of growth, the finding that 

’dry' season infants spent longer on the nipple in months 8-11 than 'wet' season infants, 

supports this suggestion. These elevated suckling times translated into a longer average 

resunption to cycling for 'dry' season mothers, and indicate a link between environmental 

conditions and the length of investment. The period of lactational anoestrus has been 

shown to be related to the suckling stimulus (see e.g. Lee 1987; Stewart 1988; Gomendio 

1989) and it has been suggested that there is a threshold weaning weight (Lee et al. 1991). 

If infant growth is slowed under poor conditions, then the period of lactational investment 

may be extended in order to allow the infant to achieve that weight. Thus this study 

provides further evidence for the adaptive feed-back mechanism proposed by Martin 

(1995), where maternal investment strategies are modified by the prevailing environmental 

conditions (see also Dunbar 1990). When food availability is limited, growth is slowed 

and lactation extended, which leads to a longer interval of anoestrus and less rapid 

reproduction. This mechanism is highly flexible in response to changes in the environment, 

and increases in food supply will mean a faster birth rate. The finding in this study that 

maternal care appeared to be extended under poor environmental conditions should also 

be considered in relation to the pattern of mortality seen during the study period (see 

below). Together these results suggest that the models of parental investment discussed 

in Chapter 1 may oversimplify the relationship between maternal care and ecological
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variability for primates and that differences in condition between mothers will lead to 

highly contrasting patterns of investment in the current offspring under deteriorating 

conditions.

Sample sizes meant that troop differences in the response of females to the pressures of 

lactation may have been masked. However, there did appear to be a higher cost to 

mothers in the larger two troops in terms of condition. STT and MLK females appeared 

to draw more on body reserves over lactation. Competition within groups for food has 

been suggested as a factor that could lead to group fission once the intake for lower- 

ranking females falls below a certain threshold (see Barton and Whiten 1993). The sub

trooping in MLK (reported in this study), and that in STT, (discussed by Marsh 1992) and 

the past fission of STT (Barton 1989) may reflect this depression of feeding rates. In 

addition, the finding by Stacey (1986) that feeding time increased with group size, whilst 

individual energy intakes remained the same, suggests that one of the costs of living in 

larger troops is the increased time that must be devoted to feeding and foraging. These 

effects may be compounded under periods of restricted food availability, and could 

account for the differences in maternal condition. Although there were no significant 

differences in mortality between troops, sample size is again very small. Long-term 

records may help to elucidate whether the differences in condition translate into higher 

levels of infant mortality, and to what extent group size affects reproductive rates. Female 

reproductive success is generally seen to decline with increasing group size as within 

group competition for resources increases (see van Schaik 1983; Clutton-Brock and 

Albon 1985; Isbell 1991). However, intergroup conçetition may lead to differential access 

to food, and in some cases appears to explain the higher reproductive success in larger 

groups (e.g. Robinson 1988). In this population, where two of the groups share a large 

proportion of their home range, long-term data may help to elucidate to what extent these 

two modes of con^tition affect reproductive success and which reproductive parameters 

are affected. In smaller groups it is possible that the benefits of lower levels of intra-group 

competition are countered by an increased risk of mortality through predation. Thus, 

examination of the differences between troops in terms of fecundity, survivorship, age at
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primiparity and causes of mortality will enable us to interpret maternal investment 

strategies as functional responses to the ecological and social context of individuals.

8.2.2 The cost o f reproduction

This leads to the second main conclusion of this study, that the costs of reproduction 

appear to he manifested not only in gross time budget differences hut also in the level of 

female body condition and thus her ability to invest in subsequent offspring. Infant 

mortality appeared to occur independently of rank, infant sex and maternal age and was 

instead related to the immediate reproductive history of females. Restricted growth rates 

have been shown to increase the likelihood of infant mortality (e.g. Small and Smith 1986; 

Martorell & Gonzalez-Cossio 1987) and it would therefore appear that there may be a 

limit to which growth rates may be reduced (see above). Infant mortality was very 

strongly linked to the fate of the last offspring: if the previous offspring had survived for 

12 months, then the probability of the current offspring surviving was significantly 

reduced. The fact that female mortality rates have been shown to be higher for lactating 

females than females in other reproductive states is likely to be a reflection of this decline 

in condition (e.g. Altmann 1983; Altmann etal. 1988). Although only one of the mothers 

followed in this study died within the study period, Marsh (1992) reports that pregnant 

and lactating females in STT suffered a disproportionate level of mortality during the 

drought conditions of 1987.

The dry conditions of the first two thirds of this study led to the cost of past reproduction 

being manifested in increased infant mortality. If the rains had not failed, then it is 

possible that mothers whose previous infant survived would have been able to sustain 

investment in the current infant. The drought cycles in this area are not predictable, and 

it appears that this 'chance' event was the primary ecological determinant of infant 

survival. Conceptions after a long lactational period were strongly linked to food 

availability. In an environment with two rainy seasons, approximately six months apart, 

the linking of conception to increased food availability (which is itself strongly correlated
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to rainfall patterns; Coe et al. 1976), will mean that under typical conditions, both birth 

and peak lactation will coincide with periods of relative abundance. Although the 

unpredictable nature of this environment means that such a strategy will not inevitably lead 

to buffered periods of higher energetic demand, it is possibly the 'best' linkage of costly 

periods to favourable ecological conditions available to these populations. The high levels 

of infant mortality mean that a seasonal reproductive strategy would lead to long intervals 

between births. It is the separation of conception from strict seasonal cycles which allows 

mothers to recover after infant loss (see e.g. Altmann et al. 1988). However, as a recent 

study has shown, if the differentials in infant survival probabilities are highly contrasted, 

then a repeated birth peak may develop (Lycett 1995). In this study, the drought also 

appeared to affect the oestrus cycles of females, with the period spent cycling after infant 

death being strongly related to the number of days the female was cycling in 'dry' months. 

It is suggested here that under such marked bottlenecks, females may undergo a series of 

anovulatory cycles and ovulation will resume only when resource availability increases.

The strong influence of the drought underlies the fact that ecological variability in this 

population is one of the most important influences on maternal investment strategies and 

perhaps of lifetime reproductive success. Severe bottlenecks appear to have affected all 

animals (regardless of rank, infant sex or parity). However, this study suggests two 

additional factors which may affect ultimate reproductive output.

8.2.3 The affects of rank and age on investment and reproductive output

The results of this study indicate that the costs of investment are not equal for all females, 

and that these costs may increase with maternal age. Female rank affected the length of 

postpartum anoestrus and possibly the number of cycles to conception. Rank differences 

were not manifested in differences in the level of investment (in terms of time allocation), 

although the measures of suckling used during this study were not detailed enough to 

reveal any differences in suckling patterns. However, after the birth of a surviving infant, 

high-ranking females had a shorter interbirth interval than low-ranking females. Although
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this result did not reach significance, differences between troops and in the conditions 

faced by mothers during the previous lactational period may have confounded the rank 

effect. The difference in average interbirth interval was approximately 100 days, which 

over the course of a female's lifespan may translate into a significant reproductive 

advantage. That there was no rank difference in interbirth intervals following the death 

of the previous offspring, suggests that direct reproductive conpetition may not occur and 

that it is through inçroved condition both over the lactational period and at other phases 

of the reproductive cycle that high ranking females achieve this advantage. The effect of 

rank was not manifested in a difference in the length of cycling before conception 

following infant death. However, it was suggested above that the drought conditions led 

to the suppression of ovulation and it is possible that the low levels of food availability and 

distribution of resources meant that there was little rank difference in food intake. This 

result is contrary to that of other studies. Gouzoules et al. (1982) suggested that high- 

ranking individuals may only increase their rate of reproduction relative to low-ranking 

individuals under subsistence periods. Barton and Whiten (1993) found that feeding 

competition and the relationship between rank and intake at this study site increased in the 

dry season as resources became concentrated in defensible patches (see also Oliver and 

Lee 1978; Whitten 1983; Harcourt 1987; 1989b). There were no differences in the rate 

of feeding supplants between wet and dry months in this study, which suggests that there 

was no difference in the level of intra-group competition. However, this is a very crude 

measure of feeding conpetition and may not reveal the true nature of seasonal differences. 

Thus, it is possible that despite differences in food intake, all animals were still receiving 

too little energy to allow the resunption of fertile cycles. The slight trend towards shorter 

periods of cycling seen in higher ranking females when the differences due to drought 

were controlled for suggest that a rank advantage in terms of recovery time may be found 

under less extreme conditions.

The positive correlation between the length of postpartum amenorrhoea and female age 

suggests that the unit cost of investment increases with age. Again, the lack of detailed 

suckling measures means that possible differences between age groups could not be
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investigated. However, measures of time allocation did not reveal an increase in care with 

age. The advantages of suckling to the infant at later ages may be outweighed by the 

benefits from independent foraging, and it is possible that other measures of care will 

reveal an extended period of investment for older mothers. Indeed, if reproductive rates 

decrease with age, then females will not have new infants as their previous infant matures, 

and care may be invested through increased grooming of the older infant, whereas 

younger mothers will switch investment to the new infant. In this study, whilst neither 

female age nor maternal parity were found to affect time on the nipple (here assumed to 

most accurately reflect the main component of maternal care), there was a significant age 

effect on the length of postpartum anoestrus (see Section 5.3.2). This may have reflected 

more intense suckling schedules, which could not be assessed from the data collected in 

this study or be the result of a progressive decline in maternal condition with age (and 

repeated reproductive events), and hence a parallel decline in the ability to recover from 

lactation. However, absolute interbirth interval was not related to age measures (Section

4.9.2). The relatively small number of females for whom there are data available means 

that robust conclusions as to the interaction of age and investment cannot be made. 

However, there were a number of 'old' females in the study population (ca. 19 years) and 

there was no evidence that females increased time allocation to each infant with age, 

although the cost of reproduction as reflected in postpartum anoestrus did appear to be 

higher.

Clutton-Brock (1984) has pointed out that the confusion in the literature over differential 

reproductive effort with age results from the equating of the absolute costs of 

reproduction (energy/time) with the costs to residual reproductive value. Thus, although 

older females may not manifest different allocation patterns from those of younger 

females, the costs of equal investment may be far higher in terms of future reproduction. 

The evidence for increased time/energy investment with age in some populations suggests 

that allocation decisions will be influenced by residual reproductive value, and the results 

of this and other studies indicate that this will be mediated by environmental, and possibly 

social, factors .
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8.2.4 Infant behavioural development

Although this study did not directly address the developmental trajectories of infants, 

differential maternal investment appeared to have significant consequences for the timing 

of this pattern. The indications from this study were that infant sex and rank differences 

in measures of investment and concomitant rates of development followed a pattern 

predicted by the local resource competition hypothesis. However, the small sample size 

meant that interactions between these factors could not be investigated and the 

conclusions as to biases in investment can only be seen as suggestive.

The higher level of time on the nipple found for 'dry' season infants, translated into a 

slower rate of development of spatial independence, but was not linked to any difference 

from 'wet' season infants in the level of behavioural 'conflict'. The analysis of conflict in 

relation to infant age and maternal activity, suggests that two peaks of rejection may be 

identified. A primary peak related to the time at which infants were allowed to suckle, and 

a secondary peak which was related to the withdrawal of milk. This provides support for 

both the timing' and investment' hypotheses, and indicated that under certain 

circumstances it may be possible to distinguish the periods in which these processes are 

occurring. However, under rich habitat conditions, if weaning foods are abundant and 

infant growth rates relatively rapid, then it is possible that milk will be withdrawn at an 

earlier age and more rapidly and these two peaks may not be witnessed.

8.2.5 Social factors and maternal investment

New mothers had considerably higher levels of social interaction than other adult females. 

This attention was correlated to the amount of time that the infant was in contact and 

appeared to reflect the interest of unrelated adult and juvenile females in young infants. 

To what extent this represented a constraint to mothers was unclear. Mothers appeared 

to actively decrease their rates of interaction when their infant was over 6 months old, as 

feeding and foraging times increased relative to other adult females. There was also
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evidence that as interaction rates decreased so did the number of animals with whom the 

mother interacted. However, the low level of coalitionary behaviour reported meant that 

it was hard to interpret any contraction of social relationships as an active strategy to 

concentrate on alliances. In part, this is related to the length of the study; since mothers 

did not appear to increase their rates of grooming until months 13-18, individual mothers' 

grooming data could not be conçared between high- and low- levels or before/after birth.

There was little evidence for direct aggressive reproductive competition directed towards 

the mothers. The low rates of interaction may have meant that the data were insufficient 

to demonstrate any differences. The data on handling did not show any direct relationship 

between rank and 'risk' to the infant, but it may be that the behavioural strategies 

employed by low-ranking mothers and infants (e.g. proximity to male 'friends', slower 

rates of spatial independence), minimised these risks. Most data on harmful infant 

handling behaviour comes from captive populations (see Maestripieri 1993c; 1994a,c; but 

see Wasser 1983) or isolated cases of one pathological female (e.g. Busse 1992). It is 

possible that within the confines of a captive/provisioned environment, behavioural 

strategies to avoid infant directed aggression are less effective, due to increased densities 

and a delimited spatial environment. Thus, just because episodes are not witnessed it does 

not follow that there is no risk. However, Maestripieri (1994a) has identified species 

differences in the rate of infant handling, and the expression of this behaviour in baboons 

may be confined to populations where environmentally linked mortality is low and infant 

cohort size large. Evidence for reproductive competition at other phases of the cycle were 

also slight, and the results in this thesis suggest that differentials in the rate of reproductive 

turnover are more likely to be mediated by nutritional differences (see above).

8.3 SUMMARY

The limitations of this study mean that the applicability of its conclusions may only be 

determined by the continued collection of long-term data on females reproduction and
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behaviour. The two projects based at Chololo are currently involved in the collection of 

such data, and in time it should be possible to evaluate the relative importance of social 

and ecological factors in shaping individual's lifetime reproductive success. The 

significance of rank differentials in food intake may be manifested in faster reproductive 

rates or in 'fitter' offspring, whilst the significance of reproductive competition may only 

be assessed by collection of data across the entire reproductive cycle. The influence of 

past reproductive effort on current investment strategies needs to be evaluated in terms 

of both weight change and nutrient intake across time. If females are constantly in the 

process of provisioning nutrients or the building of condition for the next reproductive 

event, this may lead us to consider the energetic costs of lactation as not simply confined 

to the period of infant dependency, and may allow some of the inconsistencies between 

studies to be explained in terms of populations differences in access to resources.
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Food species Part Collection date % water % protien kJ/g

ACACIAS

Acacia brevispicata leaflets May 94 77.4 35.8 19.8

Acacia etbaica seeds Nov. 93 0.0 25.5 17.8

Acacia etbaica flowers Mar. 94 74.1 - 18.5

Acacia etbaica exudate Apr. 94 37.5 - 14.2

Acacia mellifera flowers Jul. 94 78.8 22.7 18.5

Acacia mellifera leaves Apr. 94 78.3 33.2 18.9

Acacia mellifera seed pods Feb. 94 52.9 13.0 18.3

Acacia nilotica seeds Oct. 94 61.8 16.3 17.4

Acacia tortilis seeds Nov. 93 14.3 23.2 17.9

(Acacia tortilis) insect galls Mar. 94 65.3 15.6 -

TREES AND SHRUBS

Agave sisalana leaves Mar. 94 66.7 2.4 16.5

Agave sisalana leaves (base) Oct. 93 78.4 3.7 -

Agave sisalana stem Oct. 93 85.1 9.1 17.0

Aloe gramminicola stem Apr. 94 90.2 13.9 -

Lycium europaeum leaves Apr. 94 78.4 29.8 15.8

Opuntia vulgaris leaves Feb. 94 79.5 4.3 14.5

Opuntia vulgaris fruits (unripe) Mar. 94 87.5 7.7 14.6

Opuntia vulgaris fruits (ripe) Apr. 94 64.3 8.1 18.6

Sansevieria abbysinica roots Mar. 94 82.6 - 13.7

Sansevieria abbysinica stems Apr. 94 92.4 17.3 13.9

Sansevieria abbysinica leaves Mar. 94 83.3 8.7 18.1

Sansevieria intermidia leaf bases Apr. 94 84.0 5.4 19.6

Sansevieria intermidia leaf bases Jul. 94 90.1 8.5 -

Solanum sp. fruits (unripe) Jun. 94 85.2 17.2 18.9

Solanum sp. bark Feb. 94 57.9 7.7 -

Commiphora schimperi leaves Mar. 94 68.2 14.4 -
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APPENDIX I cont: Water, protein and energy content of selected baboon foods.

Food species Part Collection date %  water % protien kJ/g

HERBS

Amaranthus graecizans leaves May 94 90.1 32.6 15.7

Ammocharis sp. root Jan. 94 78.4 18.4 -

Asparagus sp. leaflets Apr. 94 82.3 33.4 18.2

Cissus rotundifolia fruits Mar. 94 80.8 10.4 -

Cissus rotundifolia leaves Mar. 94 41.4 6.3 -

Coccinia adoensis leaves Feb. 94 87.5 34.9 -

Delosperma nakurense leaves Feb. 94 91.6 14.4 10.8

Erucastrum arabicam seed pods Jun. 94 66.7 25.9 -

Osteospermum vallantii fruits Jun. 94 77.6 14.1 -

Oxygonum sinuatum leaves May 94 90.8 24.6 15.0

Plectranthus caninus leaves Mar. 94 90.9 15.5 -

Polichia compestris fruits Jul. 94 81.6 14.7 -

Trachyandra saltii leaves May 94 95.0 25.5 14.6

Tribulus terris tris leaves May 94 88.8 27.5 15.6

Tribulus terristris dried friuts Apr. 94 0.0 10.5 21.5

Tribulus terristris fruits (green) May 94 81.9 37.8 15.4

Unident, creeper flowers Jun. 94 66.7 28.6 -

GRASSES AND SEDGES

Cynodon sp. grass blades Jul. 94 69.4 18.3 16.8

Cyperus sp. stem bases Jim. 94 73.3 10.9 16.0

Dactyloctenium aegyptium seedheads Jul. 94 71.0 11.5 17.9

Kyllinga alba leaves May 94 84.7 18.2 -

Pennisetum sp. grass blades Mar. 94 80.6 25.4 16.8

Tragus berortianus seedheads May 94 76.1 16.2 17.0

EUPHORBIAS

Euphorbia gossypina stems Mar. 94 81.9 8.3 19.6

Euphorbia heterchroma leaf tips Mar. 94 83.3 8.5 17.7

Euphorbia kibwezensis leaves (pads) Mar. 94 91.5 14.0 15.6
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