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Abstract. Baboons (Papio spp.) are characterised by a large degree of variation in foraging be-

haviour and dietary composition. Previous analyses have suggested that much of this can be traced

to differences in ecological conditions between sites. The proximate mechanism underlying these

relationships is assumed to be mediated via the impact of climatic conditions on food availability,

and ultimately the impact that this has on dietary composition. This paper examines these rela-

tionships more explicitly. Data from 15 baboon populations were used to assess the relationship

between foraging variables and dietary composition. Only feeding time showed significant rela-

tionships with dietary composition, with percentage of time spent feeding decreasing with pro-

portion of fruit in the diet, and increasing with the proportion of subterranean items. No

relationships were found between diet composition and moving time or day journey length, al-

though significant relationships were found between these variables and group size. The propor-

tions of feeding time spent feeding on fruit, subterranean items and leaves were functions of the

ecological conditions experienced by that population, although no relationships were found for the

percentage of feeding time devoted to flowers or animal material. The relationships between the

proportion feeding time spent on fruits, leaves and subterranean items and ecological variables

could be best explained through understanding the way in which bush and tree level vegetation

respond to the climatic environment and the impact this has on fruit availability. In this respect,

temperature and seasonality are the key climatic parameters. This provides good support for the

idea that the proximate mechanism underlying the relationship between foraging time and eco-

logical variables is mediated via the impact of the climatic environment on vegetation structure and

food availability. Similar factors have been proposed to explain much of the geographic variation

in species diversity, suggesting that these relationships have far wider relevance and may account

for much of the observed geographical variation in mammalian behaviour.
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Introduction

Relationships between intraspecific variation in foraging behaviour and envi-

ronmental variables have been reported for a variety of primate species
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(baboons, Papio spp.: Dunbar, 1992a, 1996; gelada, Theropithecus gelada:

Dunbar, 1992b; chimpanzees, Pan spp.: Williamson, 1997; gibbons, Hylobates

spp.: Lan et al., submitted). For example, in an analysis of the time budgets of 14

baboon populations, Dunbar (1992a, 1996) found the proportion of time spent

feeding to be a negative function ofmean annual temperature, a positive function

of day journey length, and functions of two measures of rainfall seasonality (the

number of dry months and Simpson’s index of rainfall diversity). Day journey

length was itself found to be a function ofmean annual rainfall and of group size.

These relationships were interpreted as reflecting the climatic constraints on food

availability. Rainfall, and the degree of seasonality, were taken to represent

important constraints on resource availability through their impact on the dis-

tribution of bush-level vegetation (withinwhich themajority of preferred baboon

foods are found:Dunbar, 1992a). Similar conclusions were drawnwith respect to

percentage time spent moving, where group size and the number of dry months

were selected as the key variables in Dunbar’s (1992a) analysis. Vegetation dis-

persion, and thus food availability, as well as social factors, were again proposed

to be the key factors underlyingmuch of the interpopulation variation in baboon

moving behaviour. Baboon foraging behaviour thus appears to be closely linked

to the ecological conditions experienced by each population, although the

proximate link mediating the impact of climatic factors on foraging behaviour is

suggested to operate via its impact on food availability (Dunbar, 1992a).

Similar relationships have been proposed between other elements of baboon

behavioural ecology and the prevailing ecological conditions. While Dunbar

(1992a) showed that baboon time budgets (and their underlying climatic de-

terminants) could be used to predict maximum group sizes across populations,

Barton et al. (1996) went on to formalise how food distribution could explain

the variation observed in social structure within baboon groups. Although

predation pressure was taken to be a key factor determining group size, the

spatial distribution of food determined the potential for within group contest

competition, and this in turn determined female social relationships and the

internal structure of the group (Barton et al., 1996; see also van Schaik, 1989).

In a more recent study, Hill et al. (2000) showed that variation in interbirth

intervals of baboons across 14 populations could also be traced to differences

in ecological (as well as demographic) conditions. Hill et al. (2000) suggested

that these relationships could be explained, at least in part, through the impact

of climatic conditions on food availability, with long interbirth intervals as-

sociated with small group sizes reflecting low food availability in these popu-

lations. Thus food availability appears to be the primary factor suggested to

underlie much of the observed variation in behaviour and life history between

baboon populations. To date, however, little attention has been paid to how

ecological conditions influence food availability and constrain a species’ diet

and foraging strategy.
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An effective foraging strategy is an essential element of any animal’s be-

haviour, since without access to adequate energy reserves the ability of an

individual to reproduce successfully might be significantly compromised. Alt-

mann (1991, 1998) provided compelling evidence to support this and showed

that the diet of yearling primates can predict quite accurately the future sur-

vival and reproductive success of these individuals. As a consequence,

knowledge of how ecological conditions constrain a species’ foraging strategy

has far reaching implications for the understanding of a species’ demographic

and life history variation. Baboons represent an ideal species with which to

examine the ecological determinants of diets and foraging behaviour, since

there is a wealth of data available on not only their ecological and behavioural

flexibility (Barton et al., 1996), but also on their dietary diversity (Dunbar,

1988; Whiten et al., 1991). This paper explores the possibility that differential

food availability might be the link underlying much of the behavioural and

ecological variation in baboons.

Methods

The foraging profiles for 15 populations of baboons are given in Table 1, along

with climatic data for each site. Populations were only included if a minimum

of 10 months data were available on diet composition. Baboon diets were

indexed by the percentage of feeding time that is spent feeding on fruits, leaves,

subterranean items, flowers and animal matter (following Dunbar, 1988;

Whiten et al., 1991). In this context, fruits are taken to include both fleshy

fruits and seeds, with no further distinction made between these food types

since these data are not available for the majority of sites. Data on percentage

time spent feeding and moving, as well as day journey length, are also available

for the majority of populations with dietary data (see Table 1). Although

slightly different methodological procedures may have been used in data col-

lection at each site, it is unlikely that this will lead to significant errors in the

diet and behavioural data, particularly since only long-term data sets are in-

cluded in this analysis. Following convention with primate field studies, we use

the term diet to refer to the proportional distribution of time spent feeding on

different dietary categories (with all categories summing to unity); this is not

necessarily the same thing as dietary intake. Our concern here, however, is

principally with the costs the animals incur in meeting their nutritional re-

quirements and this is more appropriately indexed by the proportion of feeding

time devoted to the different dietary items.

Previous cross-populational analyses of baboon behavioural ecology have

utilised a number of indices to quantify rainfall seasonality and the length

of the growing season (e.g. Dunbar, 1992a, 1996). Following analyses by
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Bronikowski and Webb (1996) and Williamson (1997) evaluating a range of

diversity indices for describing rainfall seasonality, we utilise the Shannon in-

dex (which ranges from 0 (highly seasonal) to 1 (no seasonality)) and the plant

productivity index (PPI: the number of months per year receiving more rainfall

(in millimetres) than twice the mean annual temperature for that site (in

�Celcius): le Houérou, 1984) in place of the Simpson index and V (the number

of months receiving less than 50 mm rainfall) utilised in previous analyses (e.g.

Dunbar, 1992a, 1996).

Backwards multiple regression analysis was used to determine the best-fit

regression equations relating diet components to the climatic and topographic

variables, since this method utilises the most favourable inclusion criteria given

the sample sizes involved. However, since backward regression can sometimes

incorporate variables purely on the basis of their interrelationships with other

variables, each equation was assessed to ensure that it was biologically realistic,

and that it was not statistically dependent on the initial list of independent

variables. Data were not transformed since none were found to deviate sig-

nificantly from a normal distribution (Kolmogorov–Smirnov: p > 0.25 in all

cases). Values for Shannon’s index and PPI were not available for Suiker-

bosrand, and thus this site could not be incorporated into the original models.

However, if these measures of rainfall seasonality did not form a significant

component of the initial model, then the analysis was rerun with these variables

excluded, thus allowing Suikerbosrand to be included in the data set. Sample

sizes may thus differ between models and only the final equations are presented

here. Since sample sizes are relatively small, we conduct power analysis using

GPOWER (Faul and Erdfelder, 1992) to evaluate non-significant results and to

assess the potential biological significance of these relationships, as suggested

by Thomas and Juanes (1996). Following Cohen (1988) we take a value of 0.8

to indicate a high power for any given effect. As with previous analyses

(Dunbar, 1992a, 1996; Hill et al., 2000) this paper follows convention in

considering all five Papio species as subspecies of a single superspecies Papio

cynocephalus (e.g. Jolly, 1993), and thus no restrictions are placed on the

analyses on the basis of phylogeny.

Results

It is clear from Table 1 that baboon diets are dominated by fruits, leaves and

subterranean items, with flowers and animal matter constituting a much

smaller proportion of the diet. However, it is also evident that even with for-

aging profiles described at this very gross level, considerable variation is ob-

served across habitats (Whiten et al., 1991). Since both feeding and moving

time, as well as day journey length also differ significantly between baboon
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populations (Dunbar, 1992a), it might be anticipated that dietary differences

could go some way to explaining differences in foraging time across popula-

tions.

Diet composition and time budget components

Table 2 displays the relationships between diet composition and percentage

time spent feeding and moving and day journey length. Only feeding time

shows significant relationships with diet composition across populations, with

time spent feeding correlated with both the proportion of fruits and subter-

ranean food items in the diet (see Figure 1). No significant relationships exist

for moving time or day journey length, although moving time shows a sig-

nificant positive relationship with group size and the relationship between

group size and day journey length approaches significance. However, the po-

tential biological significance of some of the non-significant relationships with

diet composition cannot be dismissed since small sample sizes result in low

statistical power of the tests (range 0.05–0.33). Sample sizes of 21 populations

would be required to detect even large effects (r ‡ 0.5) at an acceptable power

(Cohen, 1988). Nevertheless, those relationships with diet that are significant

show high statistical power (fruits and seeds – 0.89; subterranean items – 0.99).

Applying Bonferroni’s correction for multiple comparisons (Rice, 1989; Hac-

cou and Meelis, 1992) does little to affect these findings, since for six com-

parisons per dependent variable the level of rejection for a significant

correlation is set at p ¼ 0.0083. The relationship between feeding time and the

proportion of diet devoted to fruits (p ¼ 0.0088) only just exceeds this critical

value, while the other two significant relationships remain significant.

Feeding time increases as the proportion of subterranean food items in the

diet increases (r2 ¼ 0.632, F(1,11) ¼ 18.88, p ¼ 0.001), and decreases with in-

creasing proportion of fruits in the diet (r2 ¼ 0.514, F(1,11) ¼ 11.62, p ¼ 0.006),

Table 2. Pearson’s correlations between feeding time, moving time and day journey length and the

proportion of feeding time devoted to the five dietary categories

Diet component Feeding Moving Day journey

length

r p r p r p

Fruits/seeds (n = 12) �0.716 0.009 0.242 ns 0.028 ns

Subterranean (n = 12) 0.816 0.001 �0.329 ns �0.129 ns

Leaves (n = 12) 0.320 ns 0.114 ns 0.013 ns

Flowers (n = 12) 0.022 ns 0.268 ns 0.388 ns

Animals (n = 11) �0.004 ns �0.458 ns �0.301 ns

Group size (n = 12,12,11) �0.214 ns 0.720 0.008 0.590 0.09
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although a quadratic equation is the best fit for this relationship (r2 ¼ 0.793,

F(2,10) ¼ 19.20, p < 0.001) since feeding time asymptotes at a minimum value

of about 20%. The variability in feeding time across baboon populations can

be attributed primarily to the extent to which they concentrate on these two

dietary categories. Hence, it is the variance in these two that we principally

need to explain. There is also a significant quadratic relationship between the

proportion of feeding time spent on subterranean food items and the pro-

(a) Fruit

(b)  Subterranean items
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Figure 1. Relationships between feeding time and (a) percentage of feeding time constituting fruits

and (b) percentage of feeding time constituting subterranean items.
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portion of time on fruits (Figure 2: r2 ¼ 0.627, F(2,12) ¼ 10.09, p ¼ 0.003). This

suggests that subterranean food items are only exploited when higher quality

food items such as fruits and seeds are not available. In turn this implies that

differential food availability, at least in terms of gross dietary types, might be

the link underlying the relationships with feeding time. However, an alternative

explanation might simply be that percentage time spent feeding increases with

the proportion of subterranean items in the diet due to the increased processing

time associated with this food type. A more complete understanding of cross-

populational variability in feeding time and diet choice may thus only come

from a consideration of how the dietary composition relates directly to the

climatic conditions at any given site.

Environmental correlates of diet composition

The relationships between the proportion of feeding time devoted to each of

the five dietary categories and the ecological conditions for that population are

given in Table 3. Significant regression equations are produced for the per-

centage of feeding time devoted to fruits, subterranean items and leaves. No

significant relationships exist between the proportions of flowers or animal

matter in the diet and any environmental variables, although, again, small

sample sizes contribute to the low power of these analyses.

Temperature was found to be a component of the equations for all three

significant relationships, although the sign of the relationship differs between
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Figure 2. The relationship between percentage of feeding time spent feeding on fruit and on sub-

terranean food items for 15 baboon populations.
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the dietary categories. The proportion of feeding time devoted to fruit is a

positive function of temperature, although there is also a negative relationship

with altitude that serves to further modify this overall relationship. In addition,

the proportion of fruit-feeding increases as the number of productive months

(indexed by PPI) increases. The proportion of feeding time devoted to

subterranean items declines as mean annual temperatures increase and rain-

fall becomes less seasonal (Shannon’s index of rainfall diversity increases).

Although no correlations were found between the proportion of feeding

time devoted to leaves and total feeding time, significant relationships are

found between leaf consumption and climatic variables: The proportion of

feeding time spent on leaves is a negative function of both temperature and

latitude.

Discussion

Baboon foraging is characterised by a large degree of behavioural and dietary

flexibility that can be traced to differences in the ecological environment

(Dunbar, 1992a; Barton et al., 1996). Time spent feeding by baboons is nega-

tively related to the proportion of feeding time devoted to fruits, and a posi-

tive function of the proportion of time spent on subterranean items. No

relationships were found between diet composition and percentage time spent

moving or day journey length. This is perhaps surprising, since different food

types might be anticipated to have different distributions (i.e. different patch

sizes and inter-patch distances) and these would be expected to affect the

ranging behaviour of the baboons. However, small sample sizes leading to low

statistical power for small and medium effects may restrict the possibility of

detecting anything but strong biological effects. Nevertheless, other factors

confound the relationships between moving and day journey length with diet

composition.

Table 3. Relationships between environmental variables and the percentage of feeding time

devoted to the five food types

Food type Equation r2 F p

Fruits/seeds Fr = 30.55 + 2.63 T � 0.023 A þ 4.23 PPI 0.776 (3,10)11.552 0.001

Subterranean

items

Sub = 164.45 � 3.06 T � 97.07 PS 0.530 (2,11)6.202 0.016

Leaves Le = 90.86 � 2.69 T � 0.83 L 0.572 (2,12)8.004 0.006

Flowers – – – –

Animal matter – – – –

T – mean annual temperature (�C), A – altitude (m), PPI – plant productivity index (months), PS –

Shannon’s index of rainfall diversity, L – latitude. Independent variable included in the analysis

but not incorporated in the final models is P – mean annual rainfall (mm).
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The most obvious explanation for the lack of relationship between moving

time and day journey length with diet composition relates to the fact that both

of the factors correlate with group size. Similar relationships with group size

have been reported both within (van Schaik et al., 1983; Stacey, 1986) and

between populations (Dunbar, 1992a; Bronikowski and Altmann, 1996; Hill,

1999). These relationships are likely to reflect the fact that each animal must

forage over roughly a constant area of its own each day such that total travel

distances increase with group size, although the effects of feeding disruption

due to increased intragroup competition may also be important with respect to

moving time (Dunbar, 1992a). Barton et al. (1992) showed that sleeping site

availability set the minimum distance travelled daily by baboons, although

access to water sources was also important. Since these factors are as much a

feature of the topographical environment (e.g. cliffs, rivers) as the ecological

environment (e.g. trees, rainfall), they may further obscure any relationship

between diet composition and day journey length or moving time. As a con-

sequence, we would predict that the impact of dietary composition on foraging

behaviour should be mediated primarily through its influence on feeding time,

although data from further populations are required to rule out small sample

size effects and confirm the absence of relationships between diet and moving

and day journey length.

The relationships between percentage time spent feeding by baboons and the

proportion of this time devoted to fruits and subterranean items almost cer-

tainly reflects the nutritional benefits of feeding upon higher quality food items.

However, the increased processing time of subterranean items must at least

partially account for these trends. Previous studies of diet choice in baboons

have shown that a number of food constituents determine patterns of diet

selection, and these include protein, fibre, phenolics and alkaloids (Whiten

et al., 1991; Barton and Whiten, 1994), as well as water (Barton, 1989) and

micronutrients (Gaynor, 1994). Of these, the protein to fibre ratio is cited most

frequently as the primary factor governing diet choice in primates (Hamilton

et al., 1978; McKey et al., 1981; Whiten et al., 1990; Wrangham et al., 1991;

Barton and Whiten, 1994). Foraging strategies would thus be expected to in-

corporate a high proportion of foods that are high in protein and low in fibre.

However, Altmann (1998) concluded that energy was of primary importance

(at least for the Amboseli population) and thus baboons would be expected to

select foods on the basis of energy or carbohydrate levels. Both protein and

carbohydrate levels are thus significant factors underpinning baboon diet se-

lection, and the availability of high quality food items in any environment may

therefore go some way to accounting for differences in time spent feeding

between populations.

Since fruits and seeds are generally high in carbohydrates and protein re-

spectively (Altmann et al., 1987; Barton et al., 1993; Gaynor, 1994), the nega-
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tive relationship between feeding time and the proportion of fruits and seeds

almost certainly reflects the fact that less time is required to satisfy an indi-

viduals’ nutritional requirements when higher quality food is available. How-

ever, the relationship with subterranean food items is perhaps less obvious,

since these too are known to be relatively high in nutrients, at least in terms of

carbohydrate composition (e.g. Altmann et al., 1987; Barton et al., 1993;

Gaynor, 1994). The energetic and time costs associated with excavating and

processing subterranean food items must go some way to explaining this re-

lationship (Whiten et al., 1990), although it is also important to remember that

dietary composition will also reflect the availability of various food types at the

different sites. Since the different dietary guilds respond in varying ways to the

ecological environment, it might be that subterranean food items are only

exploited when higher quality foods (e.g. fruits and seeds) are not available

(Post, 1978; Whiten et al., 1987). The strong negative relationship between the

proportion of feeding time devoted to fruits and that spent on subterranean

items suggests that this might be the case. However, to fully elucidate the

factors contributing to variation in feeding time across baboon populations we

need to understand how the availability of the different food types responds to

ecological conditions.

Significant regression equations with ecological variables are produced for

the percentage of feeding time devoted to fruits, subterranean items and leaves.

Temperature is a component of all three equations, although the signs of

the relationships differ between the dietary components. The proportion of

feeding time spent on fruits is a positive function of temperature, a fact that

probably reflects the way in which bush cover responds to temperature across

sub-Saharan Africa. Since bush cover is a positive function of temperature

(Dunbar, 1992a, 1996; Hill, 1999), the increased proportion of fruits and seeds

in the diet must be due to the increased availability of these food items as bush-

level cover increases. The negative relationship with altitude probably serves to

modify this overall relationship since temperatures decline with altitude.

However, these results suggest that fruits and seeds are selected preferentially

as their availability increases (see Altmann and Altmann, 1970; Hamilton

et al., 1978; Barton, 1989). This suggestion is further supported by the negative

relationships with temperature for the proportions of feeding time spent on

both subterranean items and leaves, since it suggests that these items constitute

‘fall-back’ foods as bush cover, and thus the availability of preferred foods,

declines (Post, 1978; Whiten et al., 1987).

The positive relationship between the proportion of feeding time spent on

fruit and the number of productive months further suggests that fruits and

seeds are being selected preferentially when they become available. The pro-

portion of tree cover (the other vegetation level likely to contain a significant

proportion of fruits and seeds) declines as the number of non-productive
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months increases (Dunbar, 1996; Hill, 1999). Thus it again appears that fruits

form a larger proportion of the diet when they are available. However, sea-

sonality is also an important factor influencing diet composition. Shannon’s

index of rainfall diversity and latitude were incorporated into the equations for

the proportion of feeding time devoted to subterranean items and leaves, re-

spectively. These relationships probably reflect the fact that in more seasonal

environments, periods of food shortage are likely to occur at certain times of

year. Since fruits and seeds, as the most preferred food items, might be scarce

at such times, diets are likely to shift to other food sources as seasonality, and

thus food scarcity, increases (e.g. Post, 1978; Whiten et al., 1987; Byrne et al.,

1993).

Diet composition is thus constrained by the impact of climatic conditions on

vegetation structure, and most notably on the availability of fruits and seeds,

with subterranean food items, as well as leaves, primarily exploited when

higher quality food is not available (Post, 1978; Whiten et al., 1987; Byrne

et al., 1993). It should be noted though, that the preceding analyses have

considered fruits and seeds to be a single dietary category. The possibility that

the availability of fruits and seeds might respond in different ways to climatic

conditions cannot be discounted, although the data are not currently available

to test this further. Nevertheless, the variation in diet composition between

populations need not necessarily reflect differences in nutritional intake. Byrne

et al. (1993) showed that despite major differences in diet composition between

two troops of baboons separated climatically by an altitude range of 400 m in

the Drakensberg mountains, there was no difference in nutrient gain. Thus

while specific populations may vary in their absolute nutritional requirements

(due to such factors as thermoregulatory costs), variation in diet and feeding

time alone is unlikely to lead to a significant divergence in energy intake be-

tween sites.

The finding that temperature is the key climatic parameter underpinning the

relationships between diet and ecological conditions is significant, since tem-

perature is not often considered an important constraint on tropical animal

ecology. However, similar relationships have been found with respect to

mammal species richness in southern Africa (Andrews and O’Brien, 2000).

Andrews and O’Brien (2000) found mean annual temperatures to be a signi-

ficant influence on large (>45 kg) mammal ecology. However, although plant

species richness was the best factor accounting for variability in mammal

species richness across all species (although especially in small (<45 kg) spe-

cies), with 75% of the variance explained, thermal seasonality did explain 69%

of the variance. Mammal species richness is greatest where seasonal variability

in water, temperature and energy regimes are least, since this leads to greater

plant species diversity where food production and productivity of the

environment are greatest. Since plant diversity is itself a function of climate
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(O’Brien, 1993), mammal richness is therefore an indirect function of climate

(Andrews and O’Brien, 2000). Similar relationships have been reported

for North American species richness (Currie, 1991). Although mammal spe-

cies richness is a far broader dependent variable than that considered in this

study, the ultimate conclusions are largely similar. Thus it is clear that much

of the variation in mammalian behaviour, from fine-grained analyses of

species diet selection to the composition of faunal assemblages, can be traced

to the way in which vegetation structure is constrained by the climatic

environment.
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