
Are Primates Ecosystem Engineers?

Colin A. Chapman & Tyler R. Bonnell &
Jan F. Gogarten & Joanna E. Lambert &
Patrick A. Omeja & Dennis Twinomugisha &

Michael D. Wasserman & Jessica M. Rothman

Received: 27 July 2012 /Accepted: 19 October 2012 /Published online: 5 December 2012
# Springer Science+Business Media New York 2012

Abstract Animals can play important roles in structuring the plant communities in
which they live. Some species are particularly influential in that they modify the
physical environment by changing, maintaining, and/or creating new habitats; the
term ecosystem engineer has been used to describe such species. We here assess the
two major foraging strategies of primates, frugivory and folivory, in terms of the
potential for primates to function as ecosystem engineers. We argue that whereas the
role of primates as seed dispersers has received a great deal of attention, the potential
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role that folivorous primates play in structuring their environment through herbivory
has received much less attention. Further, while quantifying if frugivorous primates
are ecosystem engineers through their seed dispersal has proved very difficult, it is
not as difficult to ascertain whether folivorous primates are ecosystem engineers. We
document situations in which folivorous primates act as ecosystem engineers by 1)
eating the leaves and/or bark of trees to the extent that they kill trees, 2) feeding on
trees to the degree that they slow their growth relative to nonpreferred tree species, 3)
eating the flowers of species to the extent that it does not set fruit, or 4) feeding on
plants in such a way as to increase their productivity and abundance. Because
evidence from the literature is very limited, where possible we present new evidence
of these processes from the colobus monkeys at our long-term field site in Kibale
National Park, Uganda. We conclude by discussing promising research programs that
could be established to refine our understanding of the role primates play in shaping
the structure of plant communities, especially tropical forests.
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Introduction

Animals can play important roles in structuring the plant communities in which they
live. Some species are particularly influential in that they modify the physical environ-
ment by changing, maintaining, and/or creating new habitats and thus control resource
availability for other species in an ecosystem. The term “ecosystem engineer” has been
used to describe such species andwas first formally applied to animal species by Jones et
al. (1994). Since the introduction the term ecosystem engineer concept has generated
both considerable interest (Crain and Bertness 2006; Wright and Jones 2006) and
controversy (Jones et al. 1997; Power 1997; Reichman and Seabloom 2002; Wilby
2002). A recent review critically examines this concept and defines functional groups
of ecosystem engineers (Berke 2010). Several classic examples have been used to
illustrate this concept. In temperate regions, prairie dogs (Cynomys spp.: Van Nimwegen
et al. 2008), sea otters (Enhydra lutris: Estes and Palmisano 1974), and beavers
(Castor Canadensis: Naiman 1988) are commonly cited for their roles in shaping the
structure and composition of plant communities. In the tropics, elephants (Loxodonta
africana) are perhaps the best known ecosystem engineers given their role in main-
taining open wooded grasslands (Dublin et al. 1990; Laws 1970) and their ability to
shift an area from a forested to a grassland ecosystem (Stuart et al. 1985).

The importance of identifying ecosystem engineers lies in their influence over
many other species in a given ecosystem through changes in the physical environ-
ment. Research in Yellowstone National Park, for example, has demonstrated the
cascading effects of elk (Cervus elaphus) and beaver browsing on willow (Salix spp.)
stands (Ripple and Beschta 2005). After the reintroduction of wolves (Canis lupus)
into this ecosystem, elk numbers declined and they are now less likely to browse
intensely on willow stands along streams and rivers, which has resulted in greater
abundance of willow that are eaten by beaver (Creel and Christianson 2009).
Increased beaver activity has resulted in more dam-building and ponds, which have,
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in turn, impacted stream hydrology and created habitat for fish and songbirds. As this
example illustrates, if an ecosystem engineer disappears from an area, numerous other
species that depend on the altered physical environment will be affected. Therefore,
to ensure ecosystems are effectively protected from anthropogenic stressors, identi-
fying and understanding the roles of ecosystem engineers is critical.

Though research on primate feeding ecology has been intensive over the past few
decades, the ecological roles primates play in ecosystems remains poorly understood.
Thus, our objective is to consider how two foraging strategies, frugivory and folivory,
affect primates’ potential to function as ecosystem engineers. Research on how
primate frugivory affects seed dispersal has received considerable attention since
the 1980s (Chapman 1989a; Estrada and Coates-Estrada 1984; Leiberman et al.
1979). Despite this, a myriad of postdispersal factors limits our ability to make
statements about the roles of primates in forest regeneration (Herrera 1985). Con-
versely, how primate folivory influences plant ecology has received little attention,
despite the fact that folivorous primates make up most of the primate biomass in
tropical forests, contributing 48–82 % of the density of diurnal primates (Fashing and
Cords 2000). New data from Kibale National Park, Uganda, on colobine foraging
behavior and shifts in tree species composition over the last two decades, and data
from the literature, lead us to argue that folivores can play an important role in
determining the composition of tropical forests. Our hope is that the ideas we
generated will serve as a catalyst for future research that will add insights into the
significance of primates in their environment.

Seed Dispersal

Understanding how seeds are handled and moved is critical for determining the
composition and dynamics of plant populations (Jordano et al. 2011; Lambert and
Garber 1998; Nathan and Muller-Landau 2000; Terborgh et al. 2002), as well as the
population dynamics of animals that feed on those plants (Janson and Chapman
1999). Through seed dispersal, seeds are able to reach new sites for colonization,
which influences demography, genetics, spatial distribution, and future vegetation
composition (Lambert and Garber 1998; Levey et al. 2008). As such, species that are
extremely important seed dispersers are possibly ecosystem engineers, and some
primates probably fill this influential ecological role (Andresen 2000; Kaplin and
Lambert 2002; Lambert and Garber 1998). Primates comprise between 25 % and
40 % of the frugivore biomass in tropical forests (Chapman 1995), eat large quantities
of fruit, and defecate or spit large numbers of viable seeds (Lambert 1997; Stevenson
2011; Wrangham et al. 1994). For example, on Borneo, a single gibbon group
(Hylobates mulleri×agilis) dispersed a minimum of 16,400 seeds/km2 each year
from 160 plant species (McConkey et al. 2002). If seed dispersing primates are
confined to specific routes of travel because of topographical or social constraints,
it is possible that they may also contribute to the modification of their habitats and
significantly influence the number of food items along their regular travel routes (Di
Fiore and Suarez 2007; Milton 1980).

Unfortunately, though claims of the importance of primates as seed dispersers
abound (Andresen 2000; Kaplin and Lambert 2002), providing quantitative evidence
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that through their seed dispersal they act as ecosystem engineers has proven very
difficult to evaluate (Russo and Chapman 2011). The reasons for this difficulty
involve at least two critical issues. First, in most situations, large variation in post-
dispersal seed fate makes it very difficult to predict accurately how important a
primate seed disperser is to a particular tree species. For example, Balcomb and
Chapman (2003) demonstrated that Monodora myristica has large (16 cm in diam-
eter) thick husked (1.8 cm) fruits and primates were the only animals to open the
fruits. Not surprisingly they dispersed >85 % of the seeds. Despite this, of the six sites
studied, those with higher frugivorous primate abundance had lower than expected
seedling recruitment and lower sapling and pole abundances of this species. Thus,
even in a system in which primates are critical for dispersal, spatial and temporal
variation in postdeposition processes, such as seed predation from rodents, disease
from bacteria or fungi, herbivory by duikers, or competition from already established
plants, changed the predictability of frugivore actions on recruitment. Thus, if models
are developed to predict changes in plant populations and communities with the loss
of primate dispersal services, they must account not only for changes in the seed
shadow, but also for the resulting alterations in the transition probabilities between
seed, seedling, sapling, and adult stages, the spatial component of these transitions,
and the consequences for interspecific interactions among plants, e.g., allelopathy,
competition (Balcomb and Chapman 2003; Schupp 1993; Schupp et al. 2010). This
would be a very difficult and time-consuming endeavor. Some would argue that
because there are many processes that could alter the initial pattern that are not linked
to the primate seed disperser, primates acting as seed dispersers should not be
considered ecosystem engineers (Berke 2010); however, because primates have so
often been stated to be critical in forest regeneration patterns (Kaplin and Lambert
2002; Lambert and Garber 1998; Nunes-Iturri and Howe 2007; Pacheco and Simonetti
2000), we take a broader definition and evaluate primate seed dispersers as
ecosystem engineers.

Second, the importance of primates will depend on the presence of other species
that overlap in dispersal services. Almost universally, fruiting tree species in tropical
forests have their seeds dispersed by a variety of species (cf. Chapman et al. 1992;
Howe and Smallwood 1982). For example, during 61.5 h of observation of Trichilia
gilgiana, 22 species, including 2 ruminants, 9 rodents, 10 birds, and 2 monkey
species, ate fruit from the tree (Gautier-Hion et al. 1985). If many nonprimate
frugivores are dispersing a species’ seeds the importance of primates is likely to be
diminished, because the other frugivores will play a role in seedling establishment as
well as primates.

The evidence available to evaluate the importance of primates as seed dispersers
that somewhat circumvents these two limitations comes largely from studies of
fragmentation and hunting. The impact of these anthropogenic processes depends
on the presence of other seed dispersers who can expand their niche to fill the role of
the primates that cannot survive in forest fragments or in heavily exploited areas
(Peres and Dolman 2000; Wright 2003). Although there can be overlap in the
assemblages of fruiting trees that different agents disperse, this overlap may not be
enough to promote redundancy when a group of dispersers, such as primates, is lost
as a result of hunting (Poulsen et al. 2002). Furthermore, density compensation by
smaller primates when densities of larger primates fall (Peres and Dolman 2000) is
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unlikely to make up for the decline in functional diversity of dispersal services.
Evidence of seedling recruitment from hunted and nonhunted sites in Panama suggest
that smaller nonhunted animals are not able to expand their niche to disperse large-
seeded species, and the seedling communities in hunted areas become dominated by
bird, bat, and wind dispersed species (Wright et al. 2007). Thus, with the loss of
primate dispersal agents, rates of seed dispersal may inevitably decrease and seed
shadows may become smaller, which may result in a reduction in species diversity
(Stoner et al. 2007). For example, in Uganda and Bolivia, reduced numbers of large-
bodied primates were correlated with lower seedling densities of large-seeded forest
trees species (Chapman and Onderdonk 1998; Pacheco and Simonetti 2000) and
higher seedling aggregations around parent trees (Pacheco and Simonetti 2000).

Folivory

Very few studies have examined the potential for folivorous primates to serve as
ecosystem engineers; however, there is considerable evidence that other groups of
herbivores perform this ecological role. Classic examples include elephants (Laws
1970; Dublin et al. 1990), beaver (Naiman 1988), moose (Alces alces: Pastor et al.
1999), and many insect species, e.g., caterpillar and locust outbreaks (Ludwig et al.
1978). However, most folivorous primates have not been considered in this manner
(cf. Watts 1987, 1998).

Folivorous primate species could act as ecosystem engineers by 1) eating the
leaves and/or bark of trees to the extent that they kill individuals of preferred foraging
tree species, thus altering the species composition of the forest; 2) feeding from
individuals of preferred food species to the degree that they slow their growth relative
to nonpreferred tree species and the forest shifts in composition toward nonpreferred
species, or feeding on plants in such a way as to increase the productivity of those
plants and potentially increase the abundance of the selected species; 3) eating the
flowers of species to the extent that it does not set fruit and thus limiting the
recruitment of the species; and 4) modifying nutrient cycling in the forest.

Increased Mortality of Preferred Tree Species

The red colobus of Kibale (Procolobus rufomitratus) have been observed since 1970,
and C. Chapman and colleagues have been collecting data on them since 1990
(Chapman et al. 2010b; Gogarten et al. 2012). Based on these long-term observa-
tions, we have compiled a list of trees that appear to have been killed by red colobus
(Table I). Red colobus often feed on young leaves of a tree to the extent that ca. 90 %
or more are eaten within a few days; they can do this repeatedly within one year and
across years. In addition to leaf consumption, red colobus will consume bark and/or
break off terminal branches of some tree species during their foraging such that they
are largely removed, resulting in tree death. The number of tree deaths that we report
is likely an underestimate of the actual number killed in this way because these were
only those individuals that we remembered and could confirm the presence of a dead
tree at that location. These trees are limited to the home range of our long-term focal
group.
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To explore the possibility that red colobus shifted the composition of the forest
through their foraging behavior, we used long-term data on their foraging behavior
and changes in the forest composition. In December 1989, we established 26 perma-
nent vegetation plots in three forestry compartments that had been logged to different
degrees. Each plot was 200 m×10 m, providing a sampling area of 5.2 ha and
monitoring an initial sample of 2111 tree (see Chapman et al. 2010a for details).
We resurveyed plots in May 2000 and September–November 2006 to determine tree
mortality. Using this vegetation plot data, we estimated the cumulative diameter at
breast height (DBH) of food trees in three areas for each time period. We used red
colobus foraging data that were collected from groups using each of the areas,
produced area-specific food lists (all foods >1 % of the total foraging time), and
calculated the cumulative DBH of these foods in each plot (Chapman and Chapman
1997, 2000). Changes in forest composition were tested using repeated measures
analysis of variance tests to evaluate the significance of temporal (across years) and
spatial (across compartments) variation and their interactions (see Chapman et al.
2010a for more details on the statistical approach). Mauchly’s criterion was used to

Table I Species and number of individuals believed to have been killed by red colobus (Procolobus
rufomitratus) through their extensive and repetitive foraging on an individual’s leaves in Kibale National
Park, Uganda

Family Tree species No. of individuals
killed

Forest Trend Density
(individuals/ha)

1989 1998 2006

Fabaceae Albizia grandibracteata 5 Yes Down 3.46 3.27 1.73

Lauraceae Persea americana
(avocado)a

19 No NA – – –

Sterculiaceae Dombeya mukole 1 Yes Down 6.35 5.96 5.38

Myrtaceae Eucalyptus grandisa 4 No NA – – –

Rutaceae Fagara angolensis 2 Yes Up 0.38 0.19 0.77

Moraceae Ficus exasparata 1 Yes Up 3.08 3.27 3.85

Guttiferae Harungana
madagascariensis

1 No NA – – –

Bignoniaceae Markhamia lutea 1 Yes Down 45.38 35.38 31.73

Euphorbiaceae Neoboutonia
macrocalyx

1 Yes Down 5.58 4.42 3.08

Fabaceae Newtonia buchananii 1 Yes Down 1.73 1.92 1.53

Rosaceae Prunus africana 13 Yes Down 0.38 0.38 0.19

Euphorbiaceae Sapium ellipticum 1 Yes Down 0.38 0.38 0.19

Fabaceae Sesbania sp. 1 No NA – – –

The forest column indicates those species typically found growing within the forest (Yes) and those found
either outside of the forest (No; plantations of Sesbania sp. and Eucalyptus grandis). Some species were in
edge areas or the area of the field station; thus they were either not in the plots, i.e., Persea americana,
Sesbania sp. and Eucalyptus grandis, or were rare in the plots, i.e., Prunus africana. An inability to
evaluate a population trend for the forest or the sample size for certain species suggests that we should have
little confidence in the trend, i.e., Prunus africana
a Indicates a non-native species
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test for the compound symmetry of the variance–covariance matrix (Potvin et al.
1990). When the criterion was rejected, the Greenhouse–Geisser test, which relaxes
the symmetry assumption, was used to obtain corrected significance levels (Potvin et
al. 1990).

There was an effect of time (F=10.59, df=1, P=0.002), but not forestry compart-
ment (F=1.01, df=1, P=0.339). Thus, we pooled areas and contrasted the abundance
of the tree species that were known to have individuals killed by red colobus across
time. Nine out of thirteen of these species considered to have been killed by red
colobus had individuals within our plots; we focused on the death and recruitment of
these species between 1989 and 2006. Those four species not evaluated, including
avocado (Persea americana) and Sesbania, occurred only in areas of human activity
and are often planted by people and thus they were not present in the plots in the main
forest. Of these nine eligible species, seven declined in abundance over the 17 years,
which, as predicted, is different from an expected 50/50 distribution (G=2.942, df=1,
P=0.043; one tailed). This suggests that these species have higher than expected
mortality rates, which may indicate they are susceptible to be killed by extensive red
colobus feeding.

Colobus monkeys in Kibale are not the only folivorous monkeys known to
defoliate trees and potentially affect their distribution. Several authors have reported
that other monkey species have decimated all the leaves on a particular tree, poten-
tially causing its death. For example, one group of purple-faced langurs (Presbytis
senex) defoliated the young leaves of Alangium salviifolium to the point where the
trees were dying, and it was suggested that eating one tenth of the young leaves might
be the only way for these monkeys to avoid endangering their food species (Hladik
1977). In the mangrove forests of Malaysia, silver leaf monkeys (Presbytis cristatus)
were responsible for the deaths of Rhizophora trees (Jin-Eong 1995). These monkeys
select a specific tree on which to feed based upon the size of its leaves (larger ones are
preferred) and almost defoliate that tree before moving to the next one. In some
situations, monkeys are forced to heavily exploit their food sources. After a cyclone
in Sri Lanka, monkeys fed more heavily than normal on the few feeding trees that
remained (Dittus 1985). The preferentially consumed trees were rarer than other trees,
and the monkeys apparently decimated them to the point that they disappeared from
the areas affected by the cyclone, suggesting that, particularly in areas with distur-
bance, the effects of monkeys on their food tree species may be exacerbated (Dittus
1985; see also Pavelka and Behie 2005; Pavelka et al. 2003).

Slowing Growth of Preferred Tree Species

It is conceivable that a folivore could feed on individuals of preferred food species to
a degree that they slow their growth relative to nonpreferred species, but not result in
their death. This could give nonpreferred species a relative advantage, with the forest
gradually shifting in composition toward nonpreferred species. Our research group
has previously examined changes in growth rates of preferred colobine foods over
time (Chapman et al. 2010b). We demonstrated that whereas the cumulative DBH of
the food trees for red colobus did not change over time (F=1.181, df=1, P=0.312), it
did decline for black-and-white colobus (F=4.011, df=1, P=0.034; repeated meas-
ures analysis of variance on log transformed data between three time periods, 1989,
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2000, 2006). This is not caused by an overall change in the structure of the forest, i.e.,
trees dying and thus the cumulative DBH deceasing in general. If we considered each
plot as independent, there was no significant change in cumulative DBH of all trees
among years (F=0.430, df=1, P=0.655). This suggests that for red colobus food tree
mortality is balanced by recruitment, but that this is not so for the food trees of black-
and-white colobus. For the black-and-white colobus, this is consistent either with the
idea that their foraging slowed the growth rate of preferred species over time or the
forest could be in a state of succession and because black-and-white colobus often
feed on plant species that are found in disturbed areas (Harris and Chapman 2007;
Oates 1974, 1977), this could simply reflect the effect of forest aging (Chapman et al.
2010a). A more direct test would be to relate intensity of foraging and growth rate of
individual trees. Alternatively, one could examine this idea experimentally and mimic
colobus foraging, but vary the intensity of extraction among individuals and quantify
variation in growth rate.

In contrast, researchers studying grazers and browsers have shown that moderate
structural damage and defoliation can initiate physiological processes in plants that
actually stimulate tissue production and, in doing so, alter the plant community
structure (Lawes and Chapman 2006; McNaughton 1976, 1977; Persson et al.
2007). Gorillas (Gorilla beringei) foraging on the dense herbaceous vegetation of
the Virunga mountains, caused increased productivity of their food plants (Fossey
and Harcourt 1977). A subsequent study compared the growth rates of areas of gorilla
feeding to nearby control areas where they did not feed (Watts 1987, 1998). Food
species located in feeding areas showed higher growth rates than they did at nearby
locations that had not experienced gorilla disturbance and foraging. Further, stem
density of herbaceous foods was higher in feeding areas than control areas (Plumptre
1993).

Capuchin monkeys (Cebus capucinus) may similarly affect the productivity of
their food species (Oppenheimer and Lang 1969). At two sites on Barro Colorado
Island, Panama, trees located within the monkeys’ home range had more branches
than areas without monkeys, suggesting that the capuchins removed terminal buds
while feeding, thus promoting branching. This not only increases the amount of
foliage available, but was also suggested to increase flower and fruit production
depending on the intensity of browsing (Oppenheimer and Lang 1969).

Observations of both the red colobus and black-and-white colobus of Kibale
suggest that after extensive feeding on the young leaves of some species, e.g., Celtis
durandii, Funtumia latifolia, the colobus can largely denude a tree of young leaves.
However, the tree is then able to recover by putting on a new set of young leaves
within ca. 1 week. Thus, through colobus monkey foraging, the tree is stimulated to
put on more young leaves, which are important colobus food items, rather than
having these young leaves develop into less desirable mature leave. We have not
quantified such occurrences, but this offers exciting opportunities for future research.

Limiting Fruit Production

The third way a folivore could act as an ecosystem engineer is through overexploi-
tation of the flowers of food species, thereby limiting the fruiting and thus recruitment
of that species. For primates, there are limited data to evaluate this idea because long-
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term data are needed on both primate foraging and the flowering and fruiting patterns
of tree species they feed on. Struhsaker (1978) documented that red colobus fre-
quently eat all or the majority of the flowers of Markhamia lutea and hypothesized
that this limited fruit set. From 1998 to the present, we have been conducting
phenological monitoring of ca. 10 individuals of 36 tree species. Here, we use
phenological data from June 1998 to May 2011 (N=150 month) to test the hypothesis
that flower-eating by red colobus limits fruit set of Markhamia lutea. We considered
only trees greater than the smallest DBH known to be capable of reproduction. The
red colobus often eat the flower buds before forming whole flowers and as a result we
do not score the tree as flowering because developed flowers never get the chance to
form. The chance of a Markhamia lutea tree bearing fully developed flowers in a
given month was 0.67 %. This is in comparison to the only other species in the
Bignoniaceae family, Spathodea campanulata, that we monitored for which the
chances of having fully developed flowers in a month was 25.2 %, or for any of
the species flowering which averaged 14.1 % in a given month. The chance of a
Markhamia lutea tree fruiting in a given month were 0.65 %, while that of Spathodea
companulata was 6.6 %. These data support Struhsaker’s original suggestion that the
foraging of the red colobus can limit fruit set in this species, and we suggest that by
doing so, they likely dramatically reduce the potential for this species to recruit;
thereby their foraging alters the composition of the forest. A more direct means of
testing this would be to monitor the phenology of Markhamia lutea trees in areas
without red colobus. These results raise the interesting question of how Markhamia
lutea established and continues to exist in Kibale.

The foraging of spider monkeys (Ateles geoffroyi) has also been described to cause
a massive destruction of the flowers and thereby limit fruit set (Riba-Hernandez and
Stoner 2005). For 3 month the flowers of Symphonia globulifera represented between
86 % and 100 % of the focal groups monthly foraging time and their feeding resulted
in the complete detachment of the flowers in 80 % of their feeding episodes. In the
subsequent fruiting season none of the trees that the spider monkeys ate flowers from
set fruit; however, 70 % of the trees that were outside of the range of the group
fruited. These examples suggest that more attention should be placed on understand-
ing the long-term effects of such foraging on the population structure of tropical trees.

Modifying Nutrient Cycling

The role of herbivores or folivores in the cycling of nutrients in tropical forest
systems is poorly understood. In contrast, grasslands herbivores, through grazing,
defecating, and urinating, have been documented to both alter the size of the nutrient
pool and change their fluxes (McNaughton 1976, 1977; Singer and Shoenecker
2003). It is possible that primates can improve soil quality where they tend to
defecate. In this way, a low to moderate level of herbivory may be tolerable as long
as the benefit of a limiting nutrient from elsewhere in the forest outweighs the cost of
the nutrients taken through consumption of its leaves. Trees that are repeatedly used
over years as sleep sites would benefit most (Anderson 1984; Chapman 1989b),
especially if they are not used as food. This “fertilizer” hypothesis has been suggested
for sloths, which are known to bury their dung at the base of their food trees (Forsyth
and Miyata 1984; Gilmore et al. 2001; Montgomery and Sunquist 1975).
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Feeley and Terborgh (2005) quantified howler (Alouatta seniculus) density and
soil nutrients on forested islands. They documented that howler density was posi-
tively related to the annual increase in basal area, which is an indicator of above-
ground productivity and they predicted that high levels of herbivory on preferred tree
species would eventually lead to the dominance of nonpreferred trees. In a subsequent
study of these forested islands, it was documented that such changes in nutrient
cycling can indirectly impact bird communities and thus the activities of howlers can
have cascading effects on the plant and animal communities (Feeley and Terborgh
2006). Similarly, the soil under red howler monkey (Alouatta seniculus) latrines has
been shown to have stimulated root penetration, increased microbial and earthworm
activity, and improved soil fertility (Neves et al. 2010)

Conclusions and Future Research Directions

Simply given their abundance and biomass, it is likely that primates play an important
role in structuring tropical forest ecosystems, not only in terms of seed dispersal, but also
as folivores. One important distinction is that while seed dispersal is mutualistic,
folivorous primate–plant interactions are instead predator–prey interactions with very
different natural selection pressures, with direct consequences for survivorship, as well
as fecundity. However, just as we now know that certain microorganisms can shift from
providing benefits to being parasites depending upon their prevalence and the state of
the host; it is possible that lower levels of folivory may provide benefits to certain tree
species. A second important distinction is that at many locations folivorous primates
make upmuchmore of the biomass of tropical forests than frugivorous primates, so their
overall effects on the ecosystem are likely to be greater. Thus, we argue here that
folivorous primates are likely important ecosystem engineers in tropical forests. Future
research investigating how folivorous primates affect tropical trees through their forag-
ing can take both observational and experimental approaches. Investigators can relate
the intensity of foraging to the growth rate of trees and likelihood of tree survival. From
an experimental approach, researchers can simulate folivore foraging activity and
document the fate of the trees under different levels of exploitation. It should also be
relatively easy to remove arboreal pathways leading to specific trees that one expects
folivores are affecting, while controlling for light levels and other potentially confound-
ing effects, and document whether growth rate and survival probability are elevated in a
set of isolated trees vs. trees in which the folivores can still forage. Obtaining a better
understanding of the significance of the role primates play in their environment will
enhance the effectiveness of tropical forest conservation practices, which is critically
needed at a time when these forests are seriously threatened by human actions.

Acknowledgments Funding for the research in Kibale was provided by the Canada Research Chairs
Program, Natural Science and Engineering Research Council of Canada, and National Geographic. M. D.
Wasserman was supported by a Tomlinson Post-Doctoral Grant, J. F. Gogarten was supported by a
Graduate Research Fellowship form the National Science Foundation, and T. Bonnell was supported by
an FQRNT Fellowship. Thanks to Richard Wrangham for initiating the phenology monitoring with C.
Chapman in 1989. Permission to conduct this research was given by the National Council for Science and
Technology and the Uganda Wildlife Authority. We thank Lauren Chapman, Marco Campenni, Aerin
Jacob, and Amy Zanne for helpful comments on this research.

10 C.A. Chapman et al.



References

Anderson, J. R. (1984). Ethology and ecology of sleep in monkeys and apes. Advances in the Study of
Behavior, 14, 166–229.

Andresen, E. (2000). Ecological roles of mammals: the case of seed dispersal. In A. Entwistle & N.
Dunstone (Eds.), Priorities for the conservation of mammalian diversity (pp. 2–26). Cambridge:
Cambridge University Press.

Balcomb, S. R., & Chapman, C. A. (2003). Bridging the gap: influence of seed deposition on seedling
recruitment in a primate-tree interaction. Ecological Monographs, 73, 625–642.

Berke, S. K. (2010). Functional groups of ecosystem engineers: a proposed classification with comments on
current issues. Integrative and Comparative Biology, 50, 147–157.

Chapman, C. A. (1989a). Primate seed dispersal: the fate of dispersed seeds. Biotropica, 21, 148–154.
Chapman, C. A. (1989b). Spider monkey sleeping sites: use and availability. American Journal Of

Primatology, 18, 53–60.
Chapman, C. A. (1995). Primate seed dispersal: coevolution and conservation implications. Evolutionary

Anthropology, 4, 74–82.
Chapman, C. A., & Onderdonk, D. A. (1998). Forests without primates: primate/plant codependency.

American Journal of Primatology, 45, 127–141.
Chapman, C. A., & Chapman, L. J. (1997). Forest regeneration in logged and unlogged forests of Kibale

National Park, Uganda. Biotropica 29, 396–412.
Chapman, C. A., & Chapman, L. J. (2000). Constraints on group size in redtail monkeys and red colobus:

Testing the generality of the ecological constraints model. International Journal of Primatology 21,
565–585.

Chapman, L. J., Chapman, C. A., & Wrangham, R. W. (1992). Balanites-wilsoniana: elephant dependent
dispersal. Journal of Tropical Ecology, 8, 275–283.

Chapman, C. A., Chapman, L. J., Jacob, A. L., Rothman, J. M., Omeja, P. A., Reyna-Hurtado, R., et al.
(2010a). Tropical tree community shifts: implications for wildlife conservation. Biological Conserva-
tion, 143, 366–374.

Chapman, C. A., Struhsaker, T. T., Skorupa, J. P., Snaith, T. V., & Rothman, J. M. (2010b). Understanding long-
term primate community dynamics: implications of forest change. Ecological Applications, 20, 179–191.

Crain, C. M., & Bertness, M. D. (2006). Ecosystem engineering across environmental gradients: implica-
tions for conservation and management. BioScience, 56, 211–218.

Creel, S., & Christianson, D. (2009). Wolf presence and increased willow consumption by Yellowstone elk:
implications for trophic cascades. Ecology, 90, 2454–2466.

Di Fiore, A., & Suarez, S. A. (2007). Route-based travel and shared routes in sympatric spider and woolly
monkeys: cognitive and evolutionary implications. Animal Cognition, 10, 317–329.

Dittus, W. P. J. (1985). The influence of leaf-monkeys on their feeding trees in a cyclone-disturbed
environment. Biotropica, 17, 100–106.

Dublin, H. T., Sinclair, A. R. E., & McGlade, J. (1990). Elephants and fire as causes of multiple stable states
in the Serengeti Mara woodlands. Journal of Animal Ecology, 59, 1147–1164.

Estes, J. A., & Palmisano, J. F. (1974). Sea otters: their role in structuring nearshore communities. Science,
185, 1058–1060.

Estrada, A., & Coates-Estrada, R. (1984). Fruit eating and seed dispersal by howling monkeys
(Alouatta palliata) in the tropical rain forest of Los Tuxtlas, Mexico. American Journal of Primatology,
6, 77–91.

Fashing, P., & Cords, M. (2000). Diurnal primate densities and biomass in the Kakamega Forest: An
evaluation of census methodology. American Journal of Primatology, 50(2), 139–152.

Feeley, K. J., & Terborgh, J. W. (2005). The effects of herbivore density on soil nutrients and tree growth in
tropical fragments. Ecology, 86, 116–124.

Feeley, K. J., & Terborgh, J. W. (2006). Direct versus indirect effects of habitat reduction on the loss of
avian species from tropical forest fragments. Animal Conservation, 11, 353–360.

Forsyth, A., & Miyata, K. (1984). Tropical nature: Life and death in the rain forest of central and south
America. New York: Touchstone Books.

Fossey, D., & Harcourt, A. H. (1977). Feeding ecology of free-ranging mountain gorillas. In T. H. Clutton-
Brock (Ed.), Primate ecology. London: Academic.

Gautier-Hion, A., Duplantier, J. M., Quris, R., Feer, F., Sourd, C., Decous, J. P., et al. (1985). Fruit
characters as a basis of fruit choice and seed dispersal in a tropical forest vertebrate community.
Oecologia, 65, 324–337.

Are Primates Ecosystem Engineers? 11



Gilmore, D. P., DaCosta, C. P., & Duarte, D. P. F. (2001). Sloth biology: an update on theri physiological
ecology, bahvior, and role as vectors of arthropodes and arboviruses. Brazilian Journal of Medical and
Biological Research, 34, 9–25.

Gogarten, J. F., Brown, L. M., Chapman, C. A., Marina, C., Doran-Sheehy, D., Fedigan, L. M., et al.
(2012). Seasonal mortality patterns in non-human primates: Implications for variation in selection
pressures across environments. Evolution 66, 3252–3266.

Harris, T. R., & Chapman, C. A. (2007). Variation in the diet and ranging behavior of black-and-white
colobus monkeys: implications for theory and conservation. Primates, 28, 208–221.

Herrera, C. (1985). Determinants of plant-animal coevolution: the case of mutualistic dispersal of seeds by
vertebrates. Oikos, 44, 132–141.

Hladik, C. M. (1977). A comparative study of the feeding strategies of two sympatric species of leaf
monkeys: Presbytis senex and Presbytis entellus. In T. H. Clutton-Brock (Ed.), Primate ecology
(pp. 324–353). Cambridge: Cambridge University Press.

Howe, H. F., & Smallwood, J. (1982). Ecology of seed dispersal. Annual Review of Ecology and
Systematics, 13, 201–228.

Janson, C. H., & Chapman, C. A. (1999). Resources and the determination of primate community structure.
In J. G. Fleagle, C. H. Janson, & K. E. Reed (Eds.), Primate communities (pp. 237–267). Cambridge:
Cambridge University Press.

Jin-Eong, O. (1995). The ecology of mangrove conservation and management. Hydrobiologia, 295, 343–
351.

Jones, C. G., Lawton, J. H., & Shachak, M. (1994). Organisms as ecosystem engineers. Oikos, 69, 373–
386.

Jones, C. G., Lawton, J. H., & Shachak, M. (1997). Ecosystem engineering by organisms: why semantics
matters. Trends in Ecology and Evolution, 12, 275.

Jordano, P., Forget, P. M., Lambert, J. E., Bohning-Gaese, K., Traveset, A., &Wright, S. (2011). Frugivores
and seed dispersal: mechanisms and consequences for biodiversity of a key ecological interaction.
Biology Letters, 7, 321–323.

Kaplin, B. A., & Lambert, J. E. (2002). Effectiveness of seed dispersal by Cercopithecus monkeys:
Implications for seed input into degraded areas. In D. J. Levey, W. R. Silva, & M. Galetti (Eds.), Seed
dispersal and frugivory: Ecology, evolution and conservation (pp. 351–364). New York: CABI
Publishing.

Lambert, J. E. (1997). Fruit processing and seed dispersal by chimpanzees (Pan troglodytes schweinfurthii)
and redtail monkeys (Cercopithecus ascanius schmidti) in the Kibale National Park. Urbana: Uganda.
University of Illinois.

Lambert, J. E., & Garber, P. A. (1998). Evolutionary and ecological implications of primate seed dispersal.
American Journal of Primatology, 45, 9–28.

Lawes, M. J., & Chapman, C. A. (2006). Does the herb Acanthus pubescens and/or elephants suppress tree
regeneration in disturbed Afrotropical forests? Forest Ecology and Management, 221, 274–284.

Laws, R. M. (1970). Elephants as agents of habitat and landscape change in East Africa. Oikos, 21, 1–15.
Leiberman, D., Hall, J. B., Swaine, M. D., & Lieberman, M. (1979). Seed dispersal by baboons in the Shai

Hills, Ghana. Ecology, 60, 65–75.
Levey, D. J., Tewksbury, J. J., & Bolker, B. M. (2008). Modelling long-distance seed dispersal in

heterogeneous landscapes. Journal of Ecology, 96, 599–608.
Ludwig, D., Jones, D. D., & Holling, C. S. (1978). Qualitative analysis of insect outbreak systesm: spruce-

budworm and forest. Journal of Animal Ecology, 47, 315–332.
McConkey, K. R., Aldy, F., Ario, A., & Chivers, D. J. (2002). Selection of fruit by Gibbons (Hylobates

muelleri×agilis) in the rain forests of Central Borneo. International Journal of Primatology, 23, 123–
145.

McNaughton, S. J. (1976). Serengeti wildebeest: facilitation of energy flow by grazing. Science, 193, 92–
94.

McNaughton, S. J. (1977). Grazing as an optimizatino process: grassland-ungulate relationships in the
Serengeti. American Naturalist, 113, 691–703.

Milton, K. (1980). The foraging strategies of howler monkeys: A study in primate economics. New York:
Columbia University Press.

Montgomery, G. G., & Sunquist, M. E. (1975). Impact of sloths on neotropical energy flow and nutrient
cycling. In E. Medina & F. Golly (Eds.), Trends in tropical ecology (pp. 69–98). New York: Springer.

Naiman, R. J. (1988). Animal influences on ecosystem dynamics. Bioscience, 38, 750–752.
Nathan, R., & Muller-Landau, H. C. (2000). Spatial patterns of seed dispersal, their determinants and

consequences for recruitment. Trends in Ecology & Evolution, 15, 278–285.

12 C.A. Chapman et al.



Neves, N. D. S., Feer, F., Salmon, S., Chateil, C., & Ponge, J.-F. (2010). The impact of red howler monkey
latrines on the distribution of main nutrients and on topsoil profiles in a tropical rain forest. Austral
Ecology, 35, 549–559.

Nunes-Iturri, G., & Howe, H. F. (2007). Bushmeat and the fate of trees with seeds dispersed by large
primates in a lowland rain forest in western Amazonia. Biotropica, 39, 348–354.

Oates, J. F. (1974). The ecology and behaviour of the black-and-white colobus monkey (Colobus guereza
Ruppell) in East Africa. London: University of London.

Oates, J. F. (1977). The guereza and its food. In T. H. Clutton-Brock (Ed.), Primate ecology (pp. 275–321).
New York: Academic.

Oppenheimer, J. R., & Lang, G. E. (1969). Cebus monkeys: effect on branching of Gustavia trees. Science,
165, 187–188.

Pacheco, L. F., & Simonetti, J. A. (2000). Genetic structure of a mimosoid tree deprived of its seed
disperser, the spider monkey. Conservation Biology, 14, 1766–1775.

Pastor, J., Cohen, Y., & Moen, R. (1999). Generation of spatial patterns in boreal forest landscapes.
Ecosystems, 2, 439–452.

Pavelka, M. S. M., & Behie, A. M. (2005). The effect of hurricane iris on the food supply of black howlers
(Alouatta pigra) in southern Belize. Biotropica, 37, 102–108.

Pavelka, M. S. M., Brusselers, O. T., Nowak, D., & Behie, A. M. (2003). Population reduction and social
disorganization in Alouatta pigra following a hurricane. International Journal Of Primatology, 24,
1037–1055.

Peres, C. A., & Dolman, P. M. (2000). Density compensation in neotropical primate communities:
evidence from 56 hunted and nonhunted Amazonian forest of varying productivity. Oecologia,
122, 175–189.

Persson, I.-L., Bergstrom, R., & Danell, K. (2007). Browse biomass production an.regrowth capacity after
biomass loss in deciduous and coniferous trees: responses to moose browsing along a productivity
gradient. Oikos, 116, 1639–1650.

Plumptre, A. J. (1993). The effects of trampling damage by herbivores on the vegetation of the Parc
National des Volcans, Rwanda. African Journal of Ecology, 32, 115–129.

Potvin, C., Lechowicz, M. J., & Tardif, S. (1990). The statistical-analysis of ecophysiological response
curves obtained from experiments involving repeated measures. Ecology, 71, 1389–1400.

Poulsen, J. R., Clark, C. J., Connor, E. F., & Smith, T. B. (2002). Differential resource use by primates and
hornbills: implications for seed dispersal. Ecology, 83, 228–240.

Power, M. (1997). Ecosystem engineering by organisms: why semantics matters, reply. Trends in Ecology
and Evolution, 12, 275–276.

Reichman, O. J., & Seabloom, E. W. (2002). Ecosystem engineering: a trivialized concept? Response.
Trends in Ecology and Evolution, 17, 308.

Riba-Hernandez, P., & Stoner, K. E. (2005). Massive destruction of Symphonia globulifera (Clusiaceae)
flowers by Central American spider monkeys (Ateles geoffroyi). Biotropica, 37, 274–278.

Ripple, W. J. B., & Beschta, R. L. (2005). Wolves and the ecology of fear: can predation risk structure
ecosystems? BioScience, 54, 755–766.

Russo, S. S., & Chapman, C. A. (2011). Primate seed dispersal: Linking behavioural ecology and forest
community structure. In C. J. Campbell, A. F. Fuentes, J. C. MacKinnon, M. Panger, & S. Bearder
(Eds.), Primates in perspective (pp. 523–534). Oxford: Oxford University Press.

Schupp, E.W. (1993). Quantity, quality and the effectiveness of seed dispersal by animals.Vegetatio, 108, 15–29.
Schupp, E. W., Jordano, P., & Gomez, J. M. (2010). Seed dispersal effectiveness revisited: a conceptual

review. New Phytologist, 188, 333–335.
Singer, F. J., & Shoenecker, K. E. (2003). Do ungulates accelerate of decelerate nitrogen cycling? Forest

Ecology and Management, 181, 189–204.
Stevenson, P. R. (2011). The abundance of large Ateline monkeys is positively associated with the diversity

of plants regenerating in Neotropical forests. Biotropica, 42, 512–519.
Stoner, K. E., Riba-Hernandez, P., Vulinec, K., & Lambert, J. E. (2007). The role of mammals in creating a

modifying seed shadows in tropical forests and some possible consequences of their elimination.
Biotropica, 39, 316–327.

Struhsaker, T. T. (1978). Interrelations of red colobus monkeys and rain-forest trees in the Kibale Forest,
Uganda. In G. G. Montgomery (Ed.), The ecology of arboreal folivore (pp. 397–422). Washington:
Smithsonian Institution Press.

Stuart, N. O. E., Hatton, J. C., & Spencer, D. H. N. (1985). The effect of long-term exclusion of large
herbivores on vegetation in Murchison Falls National Park, Uganda. Biological Conservation, 22,
229–245.

Are Primates Ecosystem Engineers? 13



Terborgh, J., Pitman, M., Silman, H., Schichter, P., & Nunez, V. (2002). Maintenance of tree diversity in
tropical forests. In D. Levey, W. Silva, & M. Galetti (Eds.), Seed dispersal and frugivory: Ecology,
evolution and conservation (pp. 1–18). Wallingford: CABI Publishing.

VanNimwegen, R. E., Kretzer, J., & Cully, J. F. (2008). Ecosystem engineering by a colonial mammal: how
praire dogs structure rodent communities. Ecology, 89, 3298–3305.

Watts, D. P. (1987). Effects of mountain gorilla foraging activities on the productivity of their food plant
species. African Journal of Ecology, 25, 155–163.

Watts, D. P. (1998). Long-term habitat use by mountain gorillas (Gorilla gorilla beringei). 2. Reuse of
foraging areas in relation to resource abundance, quality, and depletion. International Journal of
Primatology, 19, 681–702.

Wilby, A. (2002). Ecosystem engineering: a trivialized concept? Trends in Ecology and Evolution, 17, 307.
Wrangham, R. W., Chapman, C. A., & Chapman, L. J. (1994). Seed dispersal by forest chimpanzees in

Uganda. Journal of Tropical Ecology, 10, 355–368.
Wright, S. J. (2003). The myriad consequences of hunting for vertebrates and plants in tropical forests.

Perspectives in Plant Ecology, Evolution, and Systematics, 6, 73–86.
Wright, J. P., & Jones, C. G. (2006). The concept of organisms as ecosystem engineers ten years on:

progress, limitations, and challenges. BioScience, 56, 203–209.
Wright, J. S., Hernandez, A., & Condit, R. (2007). The bushmeat harvest alters seedling banks by favoring

lianas, large seeds and seeds dispersed by bats, birds, and wind. Biotropica, 39, 363–371.

14 C.A. Chapman et al.


	Are Primates Ecosystem Engineers?
	Abstract
	Introduction
	Seed Dispersal
	Folivory
	Increased Mortality of Preferred Tree Species
	Slowing Growth of Preferred Tree Species
	Limiting Fruit Production
	Modifying Nutrient Cycling

	Conclusions and Future Research Directions
	References


