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Introduction

KATHARINE MILTON

The initial trajectory of primate field studies

The first successful systematic field study of wild primates was carried out
by C. Ray Carpenter on Barro Colorado Island (BCI)., Panama in the early
1930s. Carpenter. who was jointly sponsored by the National Research Coun-
cil’s Committee for Research in Problems of Sex and Robert M. Yerkes’s
Department of Psychobiology at Yale, spent some 9 months in total on BCI
observing the behavior of wild howler monkeys. and produced a detailed
monograph of unusually high quality (Carpenter, 1934). With no precedents
to guide his research, he viewed his study as an opportunity “to collect data to
answer hundreds of questions . . . on all possible characteristics of . . . a
primate living in an undisturbed habitat” (Carpenter, 1965, p. 255). Though
Carpenter collected considerable information on the howler diet, at that time
there was no comparative framework within which to place it, and his
background. training. and interests lay more with behavioral data that could
perhaps assist in interpreting results of laboratory research on primates and
illuminate aspects of human behavior.

Primate field studies then fell into abeyance for the next 20 or so years, but
finally began to pick up speed again in the late 1950s. In 1965, the first
collection of papers derived largely from primate field studies, Irven
DeVore’s Primate Behavior, was published. This collection, as its title im-
plies. is filled with descriptions of primate behavior — patterns of social
organization, dominance hierarchies, communication calls. mating behaviors,
and the like. Diet gets hardly a nod. In fact, the final chapter of the collection,
The Implications of Primate Field Research written by Washburn & Hamburg
(1965) does not even mention the word diet until the Conclusion, and here
it simply appears as part of a long list of topics warranting investigation.

The next published collection, Primates: Studies in Adaptation and Vari-
ability, stemmed from a symposium on primate social behavior with the
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emphasis on data from primate field studies. This collection, edited by P. Jay.
was published in 1968. The topic of diet is little in evidence. It is rather
amazing to read long papers on the behavior of particular primate species in
the wild that discuss group size and composition, home range size, activity
patterns and so on but hardly mention, much less discuss. diet. Hall’s (1968)
paper on the behavior and ecology of wild patas monkeys does devote almost
four pages to dietary information — but this, in an 88-page paper. is not a great
deal. One striking exception to the general non-ecological approach in the
Jay volume, however, is provided by Gartlan & Brain (1968) in their paper
comparing ecology and social variability in free-ranging vervet (Cerco-
pithecus aethiops) and blue monkeys (Cercopithecus mitis). This paper is
modern in its approach and repeatedly stresses that primate behavior needs
to be integrated with ecology, not examined in isolation: “Social behavior
can be seen to be a function of the interaction of the population with the
environment . . . Social behavior is deeply rooted in the evolutionary history
of the species: it does not exist in a vacuum, but is the means by which species
are adapted to the efficient exploitation of particular niches in just the same
way as the evolution of physical structures permits this.” (Gartlan & Brain,
1968. p. 282. p. 290). Another pioneer in this area, was Hans Kummer, whose
1971 book Primate Societies examined “group techniques of ecological
adaptation™ for free-ranging hamadryas baboons.

After this point. as the number of primate field studies rapidly increases and
training begins to broaden in scope, interest in ecology, and particularly
dietary ecology. picks up dramatically By 1986. with the publication of
another book titled Primate Societies, this one a collection of papers edited
by Smuts et al., there is no longer any doubt about the importance of
ecological influences on primate social organization and social behavior
and. in particular, the importance of diet (e.g., see papers in Primate Societies
by Oates, 1986: Silk. 1986: Waser, 1986; Wrangham, 1986). No field primat-
ologist today would likely try and examine a behavioral question withou
obtaining a solid understanding of the diet and food distribution patterns of
the species under study.

Since its inception, the ultimate goal of field primatology has repeatedly
been stated to be to understand the array of factors giving rise to the wide
diversity of primate social systems. However, getting off initially on a heavily
behaviorally based rescarch footing, one that largely ignored the role of
ecological factors in shaping primate social organization and social behavior.
seems to have impeded rather than assisted attainment of this stated goal.
Indeed, even today it would seem that full appreciation of the overwhelming
influence of diet on almost all aspects of any primate’s behavior, morphology.
and physiology has yet to be fully realized. We were all taught that behavior
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is the cutting edge of evolution. But it still seems difficult for some to
appreciate that the key force driving behavioral change generally relates to
dietary pressures. In fact, as is probably now realized by almost everyone,
either overtly or at some unconscious level, social and organizational features
largely derive, either directly or indirectly, from the food choices and dietary
energetics of the primate species under consideration, and for this reason
can only be properly understood in integration with them. Two examples
may help to clarify this point.

Ateles

According to Jerison’s data (1973), the encephalization quotient (EQ — an
estimate of cortical complexity) of spider monkeys (Ateles spp.) is unusually
high. (I am aware that there are more recent sets of calculations that estimate
relative brain size, comparative neocortex size, and so on for primates, but
Jerison’s EQ serves the purpose.) Regardless of the method employed, all
seem in general agreement that among monkeys, spider monkeys are notably
“brainy.” A popular explanation for their considerable cerebral development
might be that their large brain or neocortex relates to large group size and
concomitant complex social behavior (Byrne & Whiten, 1988; Dunbar, 1992;
Barton, 1996). Spider monkeys, however, do not live in particularly large
social groups. Average group size for spider monkeys is around 26.6 = 11.1
individuals (n = 11 groups: see Appendix for references used in calculation).
And, as noted by Symington, in their “group size and socionomic sex ratio,
spider monkeys appear to lie somewhere near the middle of the range repor-
ted for multimale groups of cercopithecine primates” (Symington, 1988,
p. 60). Furthermore, due to their unusually strong focus on ripe fruits in the
diet, spider monkeys generally are found foraging in small sub-groups of
three or four individuals or even alone (fission-fusion pattern) as only in this
way, apparently, are they able to obtain sufficient ripe fruits each day with-
out incurring unacceptable travel costs (Milton & May, 1976; Chapman,
1990) or intragroup food competition (McFarland, 1986; Wrangham, 1986;
Symington, 1988).

In a paper published in 2000, I noted (as had McFarland, 1986; Wrang-
ham, 1986; Chapman ef al., 1995; and others) that the dietary focus of spider
monkeys appeared related to their fission-fusion foraging behavior — a
foraging pattern suited to their extreme ripe fruit diet but one requiring each
adult individual to possess its own data bank of information regarding the
types, locations, and travel routes to a wide array of edible fruit sources (sce
also Milton, 1982, 1988). I hypothesized that because of this dietary focus
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Howler monkey nutritional ecology

In the mid-to-late 1970s, Barro Colorado Island was a popular crossroad for
visiting tropical scientists from a wide range of disciplines. Students or post-
docs such as myself, working on BCI during this period received broad
exposure to a wealth of new ideas and were often able to form research
collaborations. By then, I had already compiled data on the dietary behavior
of BCI howlers (Milton, 1978, 1980). This material provided the foundation
for expansion into the area of howler monkey nutritional ecology. As it might
be useful for students to see a range of topics that can be addressed for a single
primate species, here is a list of those we examined: (1) basal metabolism of
howler monkeys (Milton et al., 1979): (2) free-ranging metabolism of howler
monkeys (Nagy & Milton, 1979a); (3) estimates of nutrient intake in howler
monkeys (Nagy & Milton, 1979b); (4) quality and anti-quality components of
howler foods (Milton, 1979): (5) efficiency of protein and fiber digestion in
howlers (Milton et al., 1980); (6) gut passage raies and fermentation returns
of howlers eating natural items of diet (Milton, 1981a; Milton & McBee,
1983: Milton, 1998; Milton & Demment, unpubl. data); (7) nitrogen to protein
conversion factors for wild plant parts (Milton & Dintzis, 1981); (8) pectin
estimates for wild plant parts (Milton, 1991): and (9) vitamin C content of
wild plant parts (Milton & Jenness, 1987). I also carried out work on attributes
of the nutritional ecology of black-handed spider monkey (Ateles geoffroyi), a
species sympatric with howler monkeys on BCI (Milton, 1981b). This work
explored the question of whether internal features (gut morphology and/or
physiology) might set limits to niche breadth for these similar-sized plant-
eating monkeys, facilitating their coexistence. This leads me to address the
question of just how plastic primate species are in terms of food choice in the
natural environment (and indeed, in terms of their social organization and

social behaviors).

How plastic are the diets (and social behaviors) of wild primates?

Dietary quality is a much used (and abused) term in the primate literature.
The term relates (I believe) to the amount of digestible material relative to the
amount of indigestible or unavailable material present in any food item — it
is the animal’s potential net from eating that item. Though quality in the most
general sense relates to the nutritional value of the food to the animal, it can
have a more specific sense when placed in the context of animal requirements
and availability in the environment. So protein may be more important to a
growing animal than to a mature one. Dietary quality therefore is not a
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consla.ml but a moving target and differs from species to species and even
from individual to individual. It depends on many variables — thf; metabolic
bodyl' sizc.of‘ the consumer, its sex and age. its digestive physiology, the
nutrient mix consumed at any given time and so on. J.ust like lhuc HWC;)i‘nEl /
broud. (zu?d therefore largely useless) terms ommnivore, folivore or ,f}‘rfq;'w'z;ri'
(see Danish ef al., Chapter 18, this volume), the term Idic-*mr\" qna‘ﬁf\“nccdﬂ
to bjc understood as something that must be determined for each -primat;c
species.
Analysils of the quality and anti-quality components of the wild plant foods
a given pl:uyate selects, its net from eating them, and the factors underlying il;
pa.ttcrn of food selection continue to be only superficially explored for nhwa'll
primate s\;pecies. Lacking information on factors that may set limits to dict'u;v
breadth for a particular species and constrain its range of food ch(‘)iccq in (rl;-
nz}tural environment, many primatologists may over::stimure the p|a§t‘icif\f ocf
wllFl pfimulcs —viewing them as capable of altering their behavior i‘ncluciiino
their dietary behavior, to fit almost any r:]Wir(mm(:ﬂf:-ll circumslanc:e There 1i
nc.; doubt that primates, with their large brain-to-body ratios and fiIiI:I\’ Ecncr‘—
alized morph?logy. exhibit considerable plasticity on many dit’t‘ercxil]evels
anci‘ many primate species seem equally at home in a variety of different
habitats. However, all primates appear to show species-specific dietary pat-
terns. If we look at primate species, particularly when sympatric — we qe):e Irlnl
they clls)(wse different foods, or eat the same foods but at different st-ames ;['
r‘nalumno‘n. or consume different proportions of a few or many of th(—:ks"llmc
foods while all living together in the same forest and even us;in.ﬁ many (;If the
sumt? ar?oreal pathways and food trees. Yet if we bring these s:-lhme sympatric
speues‘ into L:ilp[i\"ify. we often find that many can do equally well on the
same diet — often, for monogastric primates, a diet composed of manufactured
primate chow and water, although each species or, within species, each sex
0‘1' age class may consume different quantities of chow, (|t‘.‘pCﬂdiII1(“ (;n b(;d
size .amd ‘nrher considerations. This fact suggests, perhap.s. that ma:y prim‘ui
species in the wild have sufficient dietary flexibility to subsist on c;nc
another’s diets. I
But in the natural environment, primates do not have unlimited access to
nultrltmnally fortified, highly digestible monkey chow. In the wild Iclach
p.rlmare species has an array of different factors — environmental bCI’lE;Vi[)I"ll
(mclucling social behaviors), morphological and physiological —.thzu uppefclr
to CE)I'ISII"{LII‘I it to a particular dietary niche. As has been remarked, the mn:;t
pf'ohl:ab]c way to approach an understanding of any animal species ;na}f be rﬁ
view 1t as a type of “natural experiment,” predicated on securing some portion
of the always finite dietary resources available on the planet alhzuw one time
The natural experiment we refer to as Alouwarta or Ateles is f{ﬁ’lt’)d—;.‘(‘qh‘f.\‘f'ffr).i;
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design worked out over eons of selection. Certainly some degree of dietary
plasticity should be possible for any primate species. Some primates, such as
savanna baboons (Papio spp.), are dietary generalists showing considerable
dietary plasticity. But even though they may eat hundreds of different items,
they still must take in items of high enough quality to sustain themselves. Just
as spider monkeys, wherever studied behave socially and organizationally
like spider monkeys (Milton, 1993), I would maintain they must eat like
spider monkeys too. One can provide a set of tentative hypotheses as to
why a spider monkey cannot eat like a howler monkey (food passage rates,
dentition, etc.) or a capuchin monkey (different body size, dentition, lack of
manual dexterity, etc.). The question of why a spider monkey cannot eat like
a woolly monkey is more difficult to answer but a partial focus on different
fruit chemistries (perhaps relating to different digestive or physiological
traits) and the deliberate use of animal prey by woolly monkeys are suggested
possibilities (Di Fiore, 2004;: Dew, 2005). Overall, I continue to view the
dietary (and social) plasticity attributed to wild primates as likely over-rated.,
or to say it another way, at times no more or perhaps even less plastic than the
dietary behavior of a number of other non-primate species under similar
circumstances. We need to remember that most animals require the same
basic set of nutrients. Any readily available nutritious and digestible food
source in the natural environment surely can be utilized by a wide array of
opportunistic consumers if they can perceive it as potential food.

Analyzing nutritional ecology

The five contributions presented here provide a good cross-section of papers
indicating the scope and promise of this area of research. Two of the papers
(Chapters 15 and 16) discuss methodologies for estimating dietary intake
and food composition for wild primates, two others (Chapters 17 and [8)
are “case studies” which explore energy or protein questions for particular
primate species, while the final paper (Chapter 19) examines data on the
sensory modalities involved in primate food selection.

In Chapter 15, Ortmann et «l. provide a critical review of methods for
estimating the quality and composition of plant foods in wild primate diets,
including several newer methods. This compendium will be useful for those
contemplating research questions involving some type of dietary analysis
and needing orientation in terms of potential methodologies. Of particular
value are the authors” detailed comments on the collection and preservation
of wild plant foods. The methodologies presented in Chapter 15 are from
various sources but many derive directly from livestock studies and grass
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and herb analysis. As most primates are small- to moderate-sized arboreal
animals, some of these analytical techniques, techniques derived largely
for forages consumed by large-bodied terrestrial ruminants, may need re-
thinking and modification before being applied to the foods and phy-
siologies of monogastric (or polygastric) primates consuming tropical tree
parts.

In the final portion of their paper, Ortmann et al. discuss some potentially
promising new analytical methods for dietary analysis. The analysis of differ-
ent plant parts and accurate determination of the fate of their chemical
constituents in the digestive tract of any animal is a difficult process, fraught
with potential errors. Many decades of thoughtful research have gone into
the development, refinement and calibration of the analytical methods cur-
rently in wide use today and it is likely that newer methods will require time
and further study to become as well understood and reliable in terms of
results produced.

Chapter 16, by Mayes, examines the applicability of novel marker methods
for estimating dietary intake and nutritive value in primate field studies. As
Mayes notes, “the quality of data relating to the nutrition of wild primates is
generally rather poor.” To assist in improving this situation, he discusses
several new and relatively straightforward analytical techniques for estimat-
ing the composition and digestibility of plant-based diets in the natural
environment. Most attention is focused on the use of long-chain fatty acids
of plant wax, particularly n-alkanes (also discussed in Chapter 15). Individual
n-alkanes in plant wax differ widely from species to species and these
different patterns can be used to determine diet or plant mixture composition.
To perform this determination, however, one needs food as well as fecal
samples. This method has now been demonstrated to work well for herbivores
eating diets composed of only a few plant species. Reliability may decline,
however, with increasing dietary heterogeneity, though Mayes offers several
suggestions for addressing this problem. The cuticular wax of insects and other
invertebrates likewise contains saturated branch-chain hydrocarbons which
differ significantly between taxonomic groups and have the potential to serve
as markers, Mayes also offers possible techniques for fecal identification of
ingested honeys or clays.

The use of baits labelled with even-chain alkanes or other marker com-
pounds is suggested as a possible technique for monitoring food intake and
gut passage rates in free-ranging primates. It likely would not be difficult to
get most fruit-eating primates to ingest an alkane-labeled bait as they often
show instant affinity for bananas. This thoughtful paper provides a number of
interesting new ideas and techniques for primatologists to consider and begin
to test in field situations.
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In Chapter 17, Conklin-Brittain ez al. use findings from nutritional ecology
to address the question of whether the energetic intake of wild orangutans
shows higher variance than that of wild chimpanzees. In their examination,
they use data from an array of sources — actual food items and dietary intakes
for both species, analysis of the quality and anti-quality components of wild
plant foods, fermentation efficiency data derived from captive chimpanzees
and so on. For each ape species, energy calculations for each food item are
estimated and then total energy intake per month for a 9-month period is
obtained by summing the products of the grams of each food consumed for
that month and the metabolizable energy content per gram per food. The
authors are careful in their assumptions and even though they are working
with a variety of different data sets, they appear to have done an excellent
first approximation of estimating energy intake for the two apes. Their paper
well illustrates how one can take various components and bring them to bear
on a specific and important question. Others interested in similar diet-based
questions would do well to carefully study the methodologies used in this
paper. Conklin-Brittain er al. also provide a useful glossary to guide the
reader through the various terms employed in their text.

To address a question raised by Conklin-Britten e7 al. in their text. in
digestion trials with captive chimpanzees, M. Demment and K. Milton used
wheat bran with a mean particle size of 726 pm as the fiber source (Milton &
Demment, 1988). Wheat bran fiber derives from a grass and for this reason
likely differs in many attributes relative to the fiber constituents of the woody
tree and vine parts eaten by wild primates. This could affect estimates
presented in Chapter 17. Judith Caton’s research on gut passage rates in
captive orangutans (Caton et al. 1999) may be of interest to readers wishing
to know more about the digestive kinetics of apes

Danish et al. (Chapter 18) examine sugar concentrations in the diets of

sympatric redtail monkeys and red colobus monkeys. Redtails are monogas-
trics and red colobus are polygastrics. The authors find a surprisingly high
sugar content in some foliage eaten by both species and note that, at times.
there is considerable sugary fruit in the diet of red colobus. Ultimately the
authors make several important and original points and raise some valuable
questions. The analytical data they present suggest that primatologists may be
misled by blindly accepting as fact, certain broad generalizations regarding
dietary limitations for “colobines™ as “folivores™ or “frugivores.” If, for
example, a colobine has an unusually rich source of dietary nitrogen available
to it in leaves or other food sources, at such times. it may be able to tolerate a
higher sugar content in the diet from fruits.

As Danish er al. stress, until more work is done on the digestive physiology
of particular primate species, factors facilitating congeneric sympatry in many
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colobine and cercopithecine species may remain unclear. In future studies, we
need to bear in mind, that colobines are not necessarily analogous to small
ungulates. Many small ungulates possess primitive rumens and are able to
pass some food (e.g.. sugary fruits) directly into the acid portion of the
stomach, bypassing the fermentation chamber (Demment & Van Soest
1985). The question of the presence of an esophageal shunt in colobines
remains unresolved (Milton 1998).

The final paper, Chapter 19, by Dominy et al. discusses cognitive processes
used by primates to mediate fruit selection in the natural environment. This
question of what cues primates use to select edible fruits is a little explored
area in primate nutritional ecology and one deserving more attention. In their
comparative examination, the authors draw on data from two sites, Pasoh
Forest Reserve, Peninsular Malaysia and Kibale National Park. Uganda.

For readers interested in expanding their knowledge in this area, the elegant
experimental studies of M. Laska and his associates (e.g.. Laska & Seibt
2002a. 2002b) may be of utility. These studies reveal the considerable
olfactory sensitivity of some primate species, both Old and New World. to
specific aliphatic esters and alcohols involved in the fruit ripening process.
These aromatic compounds may alert primates to the maturation state of wild
fruit crops and as such could be useful cues mediating fruit selection.

Before, as Dominey er al. suggest, we get into study of the integration of
different sensory modalities in the central nervous system of primates, perhaps
more work is needed on the question of what, besides “texture” and fruit sugars,
is actually serving to cue or signal wild primate species as to what is or what is
not an appropriate item of diet. Hopefully, increasing interest in this important
topic will lead to further experimental work in this area of nutritional ecology.

Appendix

I. Average size for spider monkey groups is around 26.6 + [1.1
individuals per group (n = 11 groups). Sources of data on group
sizes include: 15, Ahumada, 1989; 21, Nunes, 1995: 27 & 20.
Klein, 1972: 37 & 40, Symington, 1988; 42, Chapman, 1990; 16 &
41, Ramos-Fernandez & Ayala-Orozco, 2003: 18, van Roosmalen.
1985; 16, Suarez, 2003).

Here I provide some estimates for community size for common
chimpanzees. Community size for two communities of common
chimpanzees at Gombe in the 1970s was reported to be 37 and 19,
respectively (Wrangham, 1977). More recently, community size for
three communities at Gombe was estimated at 25, 40-45 and 6080,

2
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respectively (Greengrass, 2000). The largest Gombe community
crashed and may now number less than 20 individuals (Greengrass,
2000). A community of common chimpanzees at Bossou, Guinea
was reported to contain 20 individuals (Shimada, 2000); a commu-
nity at Kahuzi, Democratic Republic of Congo was estimated at 23
individuals (Basabose, 2005); Clark & Wrangham (1994) report a
community of 27 chimpanzees at Kanywara; C. Stanford, pers.
comm., 2003, reports a community of 25 at Bwindi; at Mahale in
the late 1960s and early 1970s, K-community contained 28 individ-
uals (mean size for years 1967-1973) and M-community 70 (Nishida,
1979); at Ngogo, 144 individuals has been reported for a single
community by Watts & Mitani (2001). It is possible that in some
instances, human-modified landscapes surrounding forests inhabited
by chimpanzees or other factors related to human intervention may
affect community size.
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