Primate Predation and Bioenergetics

Strum (/) explains the high frequency of
predation by baboons-as the result of social
tradition. We suggest that ecology, and
bioenergetic considerations in particular,
are fundamental in determining whether
such behavior can arise and be maintained.

Merely to ascribe a high frequency of a
particular behavior to the existence of a lo-
cal tradition does not elucidate its ultimate
causes regardless of the proximate mecha-
nisms that spread or maintain the behavior
in the population. Moreover, unless the
spread of a behavioral trait is attributable
to particular diffusion mechanisms, the
concept of tradition is completely unin-
formative. Indeed, given appropriate envi-
ronmental conditions, the appearance of
facultative adaptive responses (2) may fol-
low a similar time course: the adaptation
appearing in first one, and later more indi-
viduals.

Growth, maintenance, and reproduction
all require energy intake. Those individuals
most efficient at energy capture (other
things being equal) will be the fittest by
making either more time or more energy
(or both) available for reproduction and
predator avoidance; natural selection will
optimize feeding strategy. Thus, an animal
is expected to include in its diet those food
items with the highest net energy yield per
unit handling time (3). But for any animal,
the energetic cost of handling some poten-
tial food items will be too high to permit
their use regardless of gross nutritive val-
ue. The cost of handling some such items
may cease to be prohibitive if the net ener-
gy yield of other food items (the bioener-
getic base) is increased. In theory, popu-
lations within a species can be placed along
a continuum with respect to their mem-
bers’ ability to exploit items with high han-
dling costs. At one end of this continuum
are populations whose members are unable
to meet minimum maintenance require-
ments; at the other extreme are popu-
lations that, as a result of provisioning or
exploitation of domesticated foods, have
an artificially expanded bioenergetic base.

A food item is optimal when its net ener-
getic yield per unit time is maximal. And
an optimal diet is one in which the orga-
nism’s energetic requirements (for some
unspecified time period) are met by the in-
clusion of only those optimal food items.
The spatial distribution of food items, both
density and dispersion (that is, patchiness),
is translated by the mobile predator into its
temporal pattern of prey encounter. Hence
the frequency of any item included in the
diet will be proportional to its relative den-
sity in the predator’s habitat (3). That the
baboons at Gilgil (1), and, for that matter,
the chimpanzees at the Gombe National
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Park (4, 5), prey on other animals can be
understood in terms of the altered bioener-
getic base of these populations. The high
frequency of their predatory behavior is a
function of the altered spatial distribution
of acceptable prey.

Baboons spend most of the day foraging
in open country, and their movements are
restricted by the distribution of water (6).
Otherwise suitable forage patches cannot
be exploited if too distant from water
sources. The study site at Gilgil is a cattle
ranch, and the owners have altered the
habitat to this end (7). By introducing per-
manent standing water and by eliminating
lelechuet scrub, the ranchers have in effect
increased the available forage area (patch
size) and decreased interpatch distance.
The concomitant reduction in the time and
energy costs of travel between forage
patches results in higher foraging efficien-
cy for the resident baboons.

Because large carnivores have been sys-
tematically shot and trapped out, the Gilgil
baboons encounter suitable animal prey at
a higher than normal rate. Moreover, since
the rate of predation on baboons them-
selves has diminished, time and energy al-
located for predator avoidance are propor-
tionately reduced. Finally, the baboons are
released from the interference aspects (8)
of interspecific competition with other
predators.

The fact that adult males take more and
larger prety and were the first to exhibit
predatory behavior may also have a bioen-
ergetic basis. In addition to having a me-
chanical advantage, larger animals are en-
ergetically more efficient than smaller
ones. For example, Taylor et al. (9) have
shown that the minimum cost of running,
measured in oxygen consumption (millili-
ters per gram-kilometer), decreases with
increasing body weight. Hence, a small
increase in the bioenergetic base will more
readily allow a larger individual (at Gilgil,
adult male baboons) to exploit items with
high handling costs (such as ungulates).
In contrast to adult males, smaller animals

Table 1. Summary of the stepwise multiple re-
gression. The dependent variable is the per-
centage of animal food in the diet in each
month; 8 is the normalized regression co-
efficient.

Weighted dietary Multiple s
contribution (D) of: r
Open Uapaca forest 410 -0.716
Riverine thicket 531 1.546
Open Pericopsis forest .566 -6.798
Riverine Syzygium forest .857 6.530
Open Monotes forest .869 0.325
Riverine Vitex forest .888 -0.275
Riverine Cordia forest .896 -0.145

(females and juveniles) will have higher
ratios of handling cost to energy input
and hence smaller optimal and maximal
prey sizes.

We predict that a stable equilibrium in
the frequency of predation will be reached
as interference competition with con-
specifics progressively negates the benefits
gained in taking animal prey.

The arguments presented above are the-
oretical and necessarily formulated in the
absence of certain relevant information.
Nevertheless, they are testable given data
on baboon time budgets and the biomass
of baboons, their predators, competitors,
and potential prey at Gilgil and other study
sites.

The unusually high frequency of chim-
panzee predation at the Gombe National
Park (5, 10-12) can be understood in sim-
ilar terms. Provisioning of the chim-
panzees with bananas had made their pred-
atory behavior energetically feasible. Ba-
boons, also attracted to the bananas, were
brought into close proximity with chim-
panzees and became the preferred prey (5).

Suzuki’s report on chimpanzee ecology
at the Kasakati Basin in Tanzania (/2)
contains some data sufficient for a prelimi-
nary evaluation of the bioenergetic hypoth-
esis. As predicted, meat-eating in this natu-
ral habitat is infrequent; thus, our sample
size is small and results of the statistical
analysis are only suggestive. These data
are analyzed by means of a stepwise multi-
ple regression technique (/3) in which
the dependent variable is percentage of an-
imal food in the diet and the independent
variables are of the form:

D;

= (Hj/._él Hi)

where H; is the size of the jth habitat in
square kilometers, D; is the percentage of
food obtained in the jth habitat as esti-
mated from fecal analyses, and H; contrib-
utes to ZH, if and only if the associated
D;# 0. The sample consists of 15 cases,
each representing a monthly pattern of for-
aging. Each independent variable, Dj, rep-
resents the percentage contribution to the
diet of a particular habitat type, in a given
month, corrected for the relative size of
that habitat. Thus the values of D' ap-
proximate foraging efficiency in any
month. Table 1 presents a summary of the
multiple regression. More than 80 percent
of the variance in the amount of animal
prey taken is explained by the variance in
D' (F =409; df =7, 7, .0l <P < .05).
In addition, Suzuki (/0), in reporting the
few cases of predation by chimpanzees at
the Budango Forest, states that this behav-
ior did not occur when food was scarce.
Since the recent emphasis on the signifi-
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cance of hunting in human evolution (/4),
various objections have been raised (/5).
Lee’s answer to his own question, “What
do hunters do for a living?” is, ““They gath-
er” (16). Nevertheless, if there is validity in
a carnivore model for hominid evolution
(17), it is essential to separate convergent
adaptation from fortuitous similarity. In
baboons, chimpanzees, and perhaps
Pleistocene hominids, meat contributes to
the diet. The ecological factors that lead to
predation in extant nonhuman primate
populations are, however, quite different
from those postulated as having altered the
diet of early hominids. In the case of living
primates, an expanded bioenergetic base
may make the utilization of animal food
possible; in contrast, our hominid ances-
tors are never characterized as having ex-
ploited an enriched habitat (/8). Unlike the
Gilgil baboons, early hominids would not
have been free from interspecific com-
petition with carnivores (/9). Mini-
mization of interference competition be-
tween hominids and contemporary carni-
vores (presumably nocturnal and crepuscu-
lar forms) could have been achieved if the
former occupied a midday hunting niche.
However, exploitative competition is not
thereby reduced. Finally, Pleistocene
hominids were themselves subject to pre-
dation (20) with concomitant demands on
their time and energy.

We are understandably preoccupied
with the evolution of our own species. The
study of living primates may provide in-
sight into the selective pressures operating
on our ancestors in that they can serve as
models for the reconstruction of hominid
behavior. However, this is only informa-
tive when the biological mechanisms un-
derlying the behavior of living forms are
understood. The importance of bioenerget-
ics and feeding strategy to adaptation
should not be ignored.

STEVEN J. C. GAULIN
JEFFREY A. KURLAND*.
Department of Anthropology,
Harvard University,
Cambridge, Massachusetts 02138
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I agree with Gaulin and Kurland that
“the importance of bioenergetics and feed-
ing strategy to adaptation should not be ig-
nored.” Elsewhere (/-5), primate pre-
dation at Gilgil, Amboseli, and Gombe has
been treated in greater depth within a so-
cial and ecological framework.

Gaulin and Kurland see a problem with
my use of the word “tradition” (6). I did
not reify the concept of tradition by mak-
ing it into a causal mechanism. Nor do I
believe that the descriptive meaning of the
term, as I have used it, is in any way incon-
sistent with its usage in the anthropological
and ethological literature (7, 8). Wilson’s
recent definition (9) is illustrative;

The ultimate refinement in environmental
tracking is tradition, the creation of specific
forms of behavior that are passed from genera-
tion to generation by learning. . . . It can be ini-
tiated, or altered, by a single successful .individ-
ual. It can spread quickly, sometimes in less
than one generation, through an entire society,
or population. . . .

My report was a brief, interim descrip-
tion of changes in predatory behavior by

the Gilgil baboons and some of the social
factors involved. Definable mechanisms of
diffusion do indeed exist. These are in the
form of specific social relationships be-
tween individuals in the troop, which are
the basis for observational and imitative
learning, and greatly influence an individ-
ual’s opportunities to participate in preda-
tory behavior. Some characteristics of
these relationships facilitate the propaga-
tion of a new behavior, such as predation,
while other aspects place limitations on the
degree and course of behavioral elabora-
tion (1). ’

Processes of social facilitation and imi-
tative and observational learning have
been described for many species (9, 10), for
baboons in differing habitats (11, 12), and
for this particular troop (/). Given the
above, I find ““tradition” a useful descrip-
tive term when applied to baboon pre-
dation at Gilgil.

On the other hand, I have some diffi-
culty with the ambiguity of Gaulin and
Kurland’s use of the term ‘‘facultative
adaptive response.” If they use it descrip-
tively, then they are simply substituting
one term for another, neither more nor less
informative.

If they are classifying the phenomenon
as that type of adaptation which can
change, as opposed to a ““fixed”” adaptation
where behavior is obligatory (13), then sev-
eral questions still remain. How and why
did the behavior occur in the first individ-
ual? In successive individuals? Why do
some individuals of the same age and sex
class adopt the new behavior and not oth-
ers? What influences the rate of acquisition
or change? What influences its differential
expression in groups of the same species
under similar conditions (1, 8)?

It may be that Gaulin and Kurland are
proposing an alternative hypothesis—that
every baboon has the innate potential to
engage in predatory behavior, with geneti-
cally variable thresholds. If this is the case,
each baboon independently adopts preda-
tory behavior and, in addition, there is a
random order of occurrence within the
population which is independent of an ani-
mal’s relationship to others. This would, as
they claim, produce the same time course
as the one I described: the behavior ap-
pearing first in one and then in severalindi-
viduals. However, since I have data on ob-
servational and imitative learning influenc-
ing changes in an individual’s predatory
behavior (/), and since the pattern of
change in the group as a whole does not
appear to be random with reference to the
behavior of others, I think we must treat
this alternative view as having minimal ex-
planatory value.

While I agree with the need for an eco-
logical framework within which to eval-
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uate primate predation (1), there are, none-
theless, difficulties with the arguments and
model presented by Gaulin and Kurland.
Most ecologists agree that optimization is
likely a real phenomenon; few agree on just
how it operates or at what level (the indi-
vidual, population, or species). If at the in-
dividual level, is it simply energy maximi-
zation, or does it involve nutrient com-
plementarity, use of time, fitness strategies
involving intraspecific interference, and so
forth (14-17)? Optimization at higher lev-
els, involving coevolution (/8), interspecies
interference competition (15), or group se-
lection (/16) may work against individual
optimization, for example, making preda-
tors responsible (prudent) in their energy
acquisition.

Higher level models of optimization of
course subsume more variables and so ap-
proach closer to “‘reality.” But these com-
plex models are more difficult to construct
and to analyze mathematically (19).

Simple energy models (/4) are the
easiest to use but, for the most part, are
based on Gaulin and Kurland’s assump-
tion: ““all other things being equal.” Even
ignoring the above-mentioned difficulties,
there is still a problem with such an as-
sumption when a system is in a non-
equilibrium state (as is the case with Gilgil
baboons).

In considering the application of Gaulin
and Kurland’s model to baboon predation,
perhaps the most telling difficulties arise
when we contrast predation by baboons at
Amboseli and Gilgil.

Amboseli, in recent years, has suffered
high mortality of its predominant vegeta-
tion as a result of a rise in the water table
(20). During this habitat deterioration the
plant community has been transformed
from a hydrophytic to a xeromorphic
form. This is a habitat in which baboon
populations should not practice predation,
according to Gaulin and Kurland. Also,
Amboseli still has a full and abundant
complement of natural predators which
provides conditions of interspecific *“inter-
ference competition” and requires time
and energy for predator avoidance by ba-
boons. Hence, Amboseli has conditions of
food scarcity, or low bioenergetic base, in-
terference competition, and predation on
baboons. Contrary to expectations, Ambo-
seli baboons do practice predatory behav-
ior on species similar to those at Gilgil and
in essentially the same form (I, 2, 12).
Comparison of normalized predatory rates
between Amboseli and Gilgil sites during
1970 to 1972 reveals that rates were similar
(2) although habitat conditions were radi-
cally different.

Strict application of simple bioener-
getic models contrasts with current sugges-
tions that specific nutrients or toxins, rath-
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er than proteins or calories, are limiting
factors or important determinants of for-
aging strategies in general and predatory
behavior in particular (2, 14, 21). Hausfa-
ter (2), for example, suggests that baboon
predation at Amboseli may reflect the need
for vitamin B,, since the temporal pattern-
ing of predatory rate fits a lognormal mod-
el of vitamin deficiency. In this way, as
Schoener states (/4), “The need for a bal-
anced diet may also affect selectivity,
sometimes causing items with greatest ca-
loric yield to be underselected. . . .”

Slatkin and Hausfater’s (22) com-
parison of time budgets of solitary and
group-living males at Amboseli indicates
that immediate social factors also influ-
ence foraging decisions and durations.
They suggest that discussion of items such
as resource patchiness must take into con-
sideration “‘social variables” for group-liv-
ing species.

At Gilgil I documented changes in pred-
atory patterns between two study periods
(1, 23). Habitat modification occurred be-
fore both studies, and rainfall, foraging
patterns, and prey density were essentially
similar (24). Widespread participation, ex-
tended hunting, elaborate strategies, food
sharing, and the like were not present ear-
lier but were present or developed during
the second study period. How does one ac-
count for this within the bioenergetic mod-
el that is being proposed, or for the existing
variation in prey species profiles between
different troops that share the same habitat
with extensive home range overlap?

The argument about the relationship of
prey size to predator size—in this case, dif-
ferences in prey selection by adult males
and other baboons—requires the demon-
stration of a threshold for prey size and
handling costs. This must be followed by
evidence that the threshold falls between
the boundary limits for adult males and
other baboons. While the running efficien-
cy of animals of differing sizes may be rep-
resentative of a class of important vari-
ables, it does not constitute a demonstra-
tion of either the existence of a threshold
or its discriminating function.

Furthermore, sexual dimorphism in ba-
boons and its relationship to bioenergetics
is still controversial (25), and the inter-
action between predator size and foraging
strategies has been argued in several direc-
tions (/4). In fact, females and juveniles at
Gilgil do take large prey such as young
Thomson’s gazelles. The limitation does
not appear to be the size of the prey, but
age- and sex-related patterns of social in-
teraction and foraging, which restrict
movement away from the troop by females
and immatures (). Prey size is of greater
consequence in determining the range of
prey which baboons can take than in pre-

dicting whether the baboon predator will
be male or female (/).

Gaulin and Kurland predict that a
“stable equilibrium in the frequency of
predation” will be reached as the result of
interference competition among con-
specifics. At Gilgil, other processes may be
instrumental in affecting the stability of
the predatory rate before interference
competition can be operative.

Some of the initial success of baboon
predators at Gilgil may have resulted from
the previously “‘peaceful” relations be-
tween baboons and their prey. As pre-
dation increased, effective strategies and
concerted hunting behavior also increased.
Frequently hunted ungulate herds respond-
ed with increased wariness, greater flight
distance, and protective maneuvers. Thus,
approach and capture became more diffi-
cult for a baboon predator, which negated
the previous advantage gained by im-
proved hunting skills. In this manner, a
feedback system is established which resets
the parameters of the predator-prey inter-
action (/).

Individual participation scores for male
baboons fluctuate over time (/). These
shifts are intimately tied to a male’s social
relationship with other males and his sex-
ual relationship with estrus females occur-
ring outside of a predatory context. For
male baboons, social and sexual inter-
actions take precedence over predatory be-
havior. As a result, perturbations within
the social system are reflected in the over-
all amount of predation by the troop (/).

Discussion of data on chimpanzee pre-
dation is better left to others (3-5, 26). |
will simply mention that once provisioning
stopped at Gombe, predation by chim-
panzees continued at the same rate. The
rate of chimpanzee predation on baboons
has been linked to the provisioning proce-
dure (3, 4). As expected, without provision-
ing there was a shift in prey preference
from baboons to colobus, which reflected
changes in the frequency of contact be-
tween the different primate species.

During the peak period of provisioning,
19 of the 30 predatory episodes described
by Teleki (3) occurred immediately after
the chimpanzees had eaten large quantities
of bananas. At best, this timing of preda-
tory events might be explained in terms of
nutrient complementarity needs, if single-
factor explanations are required. On the
bases of dry-weight analysis of chimpanzee
foods at Gombe, Wrangham (4) found that
bananas rank low both nutritionally and in
terms of protein. He also suggests a link
between disease and provisioning due to
several factors, among them protein defi-
ciency resulting from extensive banana
feeding (3). Teleki correlates demographic
trends in the Gombe population with
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provisioning schedules. Highest mortality
and lowest natality appear at times of
greatest provisioning (27).

The nature of chimpanzee predation has
been explained by Wrangham (4) in terms
of ecological factors such as opportunities
presented by specific spatial configurations
of the environment, and in terms of differ-
ential “vulnerability” of the prey species.
Wrangham points to the nutritional, but
not caloric (that is, energy), importance of
chimpanzee predation, while Teleki (3, 5)
emphasizes its social function.

The construction and interpretation of
Gaulin and Kurland’s multiple regression
is also somewhat misleading. They did not
use all of Suzuki’s data on foraging and
habitats (28). The basis of their selection,
and its possible bias, remains unstated and
unexamined. Furthermore, their use of
“habitat” is confusing for they use it to re-
fer to the entire Kasakati Basin when they
are arguing one point, and then they use it
to refer to portions within the basin when
they are making another point. In fact, all
of the habitats in table 1 in their comment
are from the same area.

The prediction that “meat-eating in this
natural habitat [meaning all of Kasakati]
is infrequent” is not tested by the multiple
regression that they perform. The regres-
sion describes the variance for meat-eating
using habitats within the study ‘‘habitat.”

The prediction that the variance in ani-
mal prey taken is explicable in terms of
differences in foraging efficiency (habitats
within the Kasakati “habitat”) would be
better tested by including all of Suzuki’s
data or by a data base that contained more
than two cases of predation.

It is not the case that their regression
demonstrates either the relationship be-
tween low bioenergetic yield and low pre-
dation or the relationship between foraging
efficiency and the frequency of meat-eat-
ing. Since good data exist from other study
sites with which to test these hypotheses, it
is curious that Gaulin and Kurland should
choose these particular data.

In summary, the bioenergetic consid-
erations put forward by Gaulin and Kur-
land do not alone provide enough informa-
tion to help predict the course of baboon
predation at Gilgil or elsewhere. Primate
predation cannot be linked simply to (i) ex-
pansion of the bioenergetic base of a popu-
lation, (ii) absence of interference com-
petition, and (iii) absence of predation on
the primate predator.

While ecological variables are necessary
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and important in the development of pri-
mate predation (although the exact rela-
tionship is yet to be determined), social
and individual variables are also of imme-
diate importance (I), in this as in other
cases of behavioral variation and in-
novation (8, 26). Not all ecological oppor-
tunities can be exploited. For social ani-
mals, existing social systems represent
“preadaptations” for certain types of ex-
ploitative opportunities and obstacles for
others. Furthermore, within social sys-
tems, certain classes of individuals are
“preadapted” for new behaviors while oth-
ers are not (/).

The fit between predatory behavior and
a lognormal model that Hausfater (2)
found for Amboseli baboons indicates, re-
gardless of the vitamin B, arguments, that
several factors are acting multiplicatively
with respect to each other and in relation-
ship to environmental factors in deter-
mining predatory behavior. This is an
appropriate point from which to build an
appreciation of the complexity of variables
involved in primate predation.

Since Gaulin and Kurland’s evaluation
of the applicability of primate predation to
understanding human evolution is based
on the interpretations that their model pro-
vides, the difficulties with their statements
are self-evident. In Teleki’s review (5) of
the data on primate subsistence patterns,
his synthesis of nonhuman primate pre-
dation and human hunting provides a
broad, comparative framework for ap-
praising evolutionary developments within
the human adaptation.

Evolutionary processes are compromise
processes, making a fit between what is
ideally best and what is actually possible.
Considerations of what is possible should
at the very least include anatomical, psy-
chological, social, and ecological factors.
It is because I support such a multifactoral
approach that I welcome Gaulin and Kur-
land’s remarks on the ecological dimen-
sion of primate predation, especially if my
earlier report left them with the impression
that 1 considered this area either non-
existent or unimportant.

S. C. STRUM
Department of Anthropology, University
of California, San Diego, LaJolla 92023
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