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Abstract We evaluated the viability of colobus populations under conservative
estimates of predation by chimpanzees. If fertility and mortality schedules remain
constant, intensely hunted red colobus populations will experience negative growth rates
if one allows the assumption of stable age structure to persist into the future. Demo-
graphic models have many advantages in studies of primate behavior and ecology.
Researchers use them to investigate the quality of observed data and to project
population growth rates to changes in mortality, fertility, and migration schedules. We
used published age-specific death rates for red colobus (Procolobus rufomitratus
tephrosceles) in Gombe National Park, Tanzania, to construct model life tables under
various mortality scenarios. Selection in life-history traits toward shorter interbirth
intervals, reduction in gestation length, and increased dispersal of individuals from
source to sink populations and antipredator behavior, show a limited ability to counter
the effects of intense predation. At Gombe, where factors such as small reserve size
and isolation prevail, current levels of predation by chimpanzees may depress intrinsic
growth rates low enough to cause the extirpation of red colobus in the near future.
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Introduction

Naturally occurring predator-prey systems are typically complex relationships
containing a variety of bottom-up and top-down controls (Raven and Johnson
1989). In the extreme top-down interpretation, predators control prey populations
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and cyclical oscillations of both populations may result depending on the importance
of the prey in the diet of the predator. When the breadth of diet is sufficiently wide,
the predator may simply keep the prey’s numbers low and in equilibrium. Detailed
accounts of vertebrate predator-prey systems are rare. Of the ones that exist, most
come from outside the Primates: wolves (Mech 1970), hyenas (Kruuk 1972; Mills
1990), African wild dogs (Estes and Goddard 1967), and lions (Schaller 1972).

Predation is an important selective force on the evolution of primate social
behavior (Hart 2000; Sterck ef al. 1997; van Schaik 1996). It is undoubtedly
significant and a leading source of mortality in primate populations (Terborgh 1983).
Nevertheless, it has been difficult to estimate the impact of predation on life-history
traits and behavior in primates because researchers rarely observe predation events
(Hill and Dunbar 1998; Stanford 2002; cf. Hart 2000).

Considerable debate has centered on the importance of predation in the evolution
of primate sociality (Cheney et al. 2004). Data from 30 yr of research in Gombe
National Park, Tanzania provide a unique opportunity to investigate the consequences
of predation (cf. Busse 1977; Goodall 1986; Stanford 1995; Wrangham and van
Bergmann-Riss 1990). Long-term research by Goodall (1986) and colleagues on the
life history of red colobus (Procolobus rufomitratus tephrosceles) has resulted in
good estimates of average fertility and mortality rates, with only a few notable gaps
including mean reproductive lifespan, age-specific fertility rates, total fertility rates,
and life expectancy. Missing data notwithstanding, the data lend themselves to a
model-analysis approach of the possible demographic responses in a primate prey
population to predation.

Stanford (1998) compared colobus group sizes both inside and outside
chimpanzee hunting ranges at Gombe and found that predation imposes a constraint
on the total size of the colobus population. Chimpanzees are thus keystone predators
within the Gombe system. However, the effect of predation in colobus ecology
remains controversial. In his review of Demonic Males (Wrangham and Peterson
1996), Bernstein (1997) wrote: “The murderous Gombe chimpanzee hunters are said
to have killed 30% of the red colobus monkeys each year for twenty years. Even if
this was the only cause of death for red colobus, if half the animals were female and
60% were reproductive, then each female would have to have one live birth every
year just to satisfy the chimpanzees” (p. 153). Yet, red colobus may have responded
to chimpanzee predation with just such a shift toward a faster life history and
concomitant shifts in shorter interbirth interval, shorter gestation, and nonseasonal
reproduction (Stanford 1995, 1998). The fecundity of female red colobus at Gombe
is quite high, due to their short interbirth interval and short gestation. Stanford
(1998) thought that reproductive patterns may have evolved to counter the effects of
severe predation pressure.

Boesch (1994), Boesch et al. (2002), Hosaka et al. (2001), Power (1991), and
Sanz (2004) have related dramatic differences in frequency and pattern of red
colobus hunting to demography of the predator and prey, chimpanzee party size,
number of males in chimpanzee subgroups, hunting behavior of particular
individuals, changes in availability of food resources, forest structure, and the
amount and quality of human interference. In an earlier study, Hladik (1977) stated
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that in most chimpanzee populations, meat “as a dietary protein complement is of
little importance (<0.5% of the diet) compared with other types of animal foods,
especially ants and termites” (p. 491), which Boesch and Boesch-Achermann (2000)
confirmed in estimates of meat intake per day at Gombe and Tai. Individuals that
might need it the most, including subadults and nursing females, have no access to
meat., Boesch and Boesh-Achermann (2000) believe that meat is not necessary for
survival or for normal growth. Generally, captive chimpanzees are reluctant to eat
meat and their oral and dental morphologies are not particularly efficient for chewing
meat (Milton and Demment 1989). Accordingly, how natural is chimpanzee hunting
of red colobus, and how much has human interference and habitat destruction
influenced the behavior in recent years?

Hunting classically plays a central role in theories concerning the evolution of
human behavior. Researchers often consider cooperative big game hunting and
offspring provisioning to be fundamental to human evolution (Dart 1953; Isaac
1978; Lovejoy 1981; Stanford 1999; Stanford and Bunn 2001; Washburn and
Lancaster 1968; Wrangham and Peterson 1996). However, they have also questioned
the importance of hunting in early human evolution (Binford 1992; Brain 1981; Hart
and Sussman 2005; Klein 1989; Zihlman 1997). Thus, because chimpanzee hunting
behavior is often central to theories of human evolution and behavior, it is important
to consider constraints on life-history traits and population growth in the main
chimpanzee prey species before we can understand the role of hunting in shaping
primate natural history and models of human evolution.

The role of predation in primate natural history has a rich and long tradition in
primatology (Hart 2000; Hart and Sussman 2005). The role of hunting behavior in
primate societies is less studied and documented. In chimpanzee society, hunting
may serve a socioecological function, with males that hunt holding higher rank
within the male hierarchy or gaining reproductive opportunities with estrous females
via sharing meat (Stanford 1998; Teleki 1973). However, some researchers have
questioned this interpretation (Boesch and Boesch 1989; Mitani et al. 2001, 2002).
Furthermore, the frequency of hunting red colobus varies at different sites, with very
few or no red colobus hunts occurring at several sites where they are sympatric with
chimpanzees (Boesch and Boesch-Achermann 2000; Hunt and McGrew 2002;
Newton-Fisher et al. 2002; Sanz 2004). At some sites, the number of red colobus
individuals captured and the frequency of red colobus hunting also have dramatically
increased over the years. For example, at Gombe, red colobus as prey increased from
64% to 82% between 197481 and 1982-91 (Stanford et al. 1994). At Mahale, red
colobus made up 14% of prey species from 1966 to 1981, 56% from 1983 to 1989,
and 83% from 1990 to 1995 (Hosaka et al 2001). Concurrently, the number of
individuals captured of other prey species changed little.

We used red colobus life-history parameters from the Gombe literature to
construct model life tables. Our goal was not only to assess the impact of intense
predation on local populations, but also to address the adaptive explanations for the
persistence of colobus populations under predation pressure. In addition, we hope to
contribute to an increasingly important literature using demographic modeling in
studies of selective responses to ecological problems.
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Methods

Model demographic systems have proven their worth in human demography. For
example, model life tables can help to uncover age-specific patterns in mortality
when overall mortality is the only datum available (Gage 1998). Another advantage
to demographic modeling is its ability to assess the quality of empirical demographic
data. “A set of data that cannot be fitted well should be treated with suspicion since,
although a poor fit does not, of course, constitute absolute proof of the existence of
errors or omissions, it does indicate that more careful investigation, or at the very
least caution in analysis, is necessary” (Newell 1988, p. 118).

Modeling also lends itself to simulating population trends under hypothetical
fertility and mortality schedules. Projecting the size of a future population typically
requires using existing data for known parameters and estimating parameters difficult
to measure, such as age-cohort mortalities. The approach, when used with multiple,
age-structured fertility, mortality, or dispersal scenarios, can provide information on
unknown life-history parameters given a desired rate of population growth or size.

A population’s stable structure is a deterministic function of its mortality and
fertility schedules, in the absence of dispersal. In a stable population, the size of an
age class relative to the total population remains constant until a change in either the
mortality or fertility schedules is introduced. A stable population has a constant
growth rate, which may be positive, negative, or 0, the last giving rise to a unique
case known as a stationary population.

We used observed age-specific probabilities of dying from a long-term study of
red colobus groups in Gombe National Park (Stanford 1995, 1998; Table 1). The
mortality probabilities are denoted in life tables as gx=Dx/Nx, with Dx equal to
deaths between exact age x and exact age x+1 and Nx equal to the population exact
aged x at the start of the interval. The data are unique in that they are remarkably
detailed in discriminating between predatory and nonpredatory rates of mortality for
a wild population of primates. Mortality rates for ages >54 mo are missing and age
intervals are in 6-mo periods. We continued to use 6-mo intervals as years matching
the resolution of the data.

We created 6 mortality assumptions from the age-specific death rate (ASDR) data,
3 hunted (high) and 3 nonhunted (low). In certain assumptions, an additional
variable was fixed. We used a rate of 0.40 mortality for the interval of x=180-

Table 1 Probability of dying
per age class in hunted and
nonhunted colobus populations

Age intervals  gx values

(mo) Total (including hunted probabilities) ~ Nonhunted

0-5 0.313 0.137

6-11 0.171 0.085
12-17 0.138 0.069
18-23 0.280 0.120
24-29 0.278 0.167
30-35 0.077 0.000
36-41 0.000 0.000
42-47 0.100 0.000
48-53 0.111 0.111

Data from Stanford (1998).
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185 mo to pull down adult mortality rates (>54 mo) in the smoothing method. We
use the term pull in the tables because the fixed value effectively pulls the curve
down to conservative adult mortalities resembling the typical age pattern of high
mortality in infancy, dropping to low levels in adolescence and adulthood, and then
rising again in later years (cf. Gage 1998, p. 204). We referenced the literature from
outside Gombe to estimate the oldest age category for a colobus in our mortality
tables. We chose a conservative estimate of 16.0 yr (192 mo) for the absolute oldest
age of an individual in the population. We derived the estimate by taking the longest
reproductive lifespan for a female red colobus (12.25 yr) that Struhsaker and Pope
(1991) observed in Kibale, Uganda, and adding 3 yr, the age at reproductive onset
that Stanford (1998) reported. Therefore in our tables, we set the probability of dying
after survival to 186 mo to 1.00.

Within both high and low assumptions, we smoothed the ASDR data by fitting
to a quadratic model containing both a first- and second-order term: Y =
ay + a1 X + a»X?, wherein Y is gx and X is the number of months at the beginning
of the interval. We accomplished fitting via least-squares regression. By generating
predicted values from the best fit model, we derived 2 mortality schedules for both
the hunted and nonhunted populations. We generated the first directly from the raw
data. The second is from the raw data plus the fixed value in the 180-185 mo
interval. In addition, we consider a third assumption for each population. Wild
populations of red colobus may experience a close to 0 mortality for much of their
lives after the high mortality of the infant and adolescent stages. We therefore
constructed mortality schedules that assumed all individuals surviving >54 mo are
subsequently exposed to 0 mortality up to the interval of 180—-185 at which time all
individuals die. Though this is an unlikely assumption, it is a conservative one for
our purposes, giving the population its greatest chance of survival under the
observed mortality in the infant and adolescent stages.

Wild populations of monkeys show varied female fertility schedules. Where
researchers have described the demographic characteristics of captive macaques, 2
general patterns of fertility have emerged. In some cases, age-specific fertility rates
(ASFRs, defined as the number of births in the age interval x divided by the
population age x at the midpoint of the age interval) increase to a peak at some time
after the onset of fertility, followed by a gradual decrease toward reproductive
senescence (Macaca nemestrina: Ha et al. 2000). In other cases, fertility schedules
show a more uniform distribution throughout the reproductive lifespan of females
(Macaca radiata: Silk et al. 1981).

In Gombe and Kibale, Uganda, where female red colobus disperse from their
natal groups as they approach reproductive maturity, age-specific fecundity estimates
are imprecise (T. T. Struhsaker, pers. comm.). It is nevertheless common in field
studies of wild primates, in which ages of adults are rarely known, to measure
average female fertility rates in terms of total number of annual births divided by the
number of females of reproductive age in the population. The measurement naturally
incorporates both fecund and nonfecund females, thereby incorporating a degree of
natural infertility in the population where it exists.

We developed 3 fertility assumptions for Gombe red colobus. Two of them
bracket the range of observed values of female fertility from Stanford (1998) across
all reproductive age categories, 0.496-0.625 births/female/ yr. The values corre-
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spond to an interbirth interval of 24.2—19.2 mo, which in turn translates to 6-mo
female fertility rates of 0.2479 and 0.3125 births/female. We argue that one should
consider an average, uniform distribution of ASFR across all female age categories a
conservative approach in that it consistently overestimates the total fertility rate
(TFR) compared to the typical age-specific fertility patterns in monkey populations.

To address the effect of a drastic adjustment to the interbirth interval in response
to intense predation, we developed a third fertility assumption whereby each female
gave birth every 9 mo, translating to a 6-mo female fertility rate of 0.666 births/
female. The interval reflects the shortest one for red colobus at Gombe (Stanford
1995; N=8), and occurred after the death of the infant due to predation. In our
assumptions, females conservatively first reproduce at x=36—41 mo, corresponding
to the earliest reported event in colobus at Gombe (Stanford 1998), and continue to
reproduce until their death, maximum x=186—191 mo.

We constructed only female life history tables because the demographic character-
istics of females, i.e., age at onset of reproduction, rates of fertility, and reproductive
lifespan, are more likely to limit the growth of the population than are characteristics
of males. In doing so, we assumed mortality rates were independent of sex and the sex
ratio at birth is equal to 1. The assumptions result in identical male and female life
tables. The first assumption is reasonable, at least for infant and adolescent categories,
because predation is indiscriminately distributed between males and females
(Stanford 1998). As for the second, we have no reason to believe that the sex ratio
at birth is anything but 1. Given our use of only female life tables, we adjusted our
6-mo female fertility assumptions to 0.1240, 0.1563, and 0.3333 female births/female,
referred to as low-fertility, high-fertility, and super-fertility, respectively, in all tables.
Table 2 contains our 6 mortality and 3 fertility assumptions.

We used an iterative approach to calculate the intrinsic rate of natural increase,
r, for the 18 possible scenarios (6 mortality assumptions X 3 fertility assumptions).
We initially seeded populations with a uniform distribution of 1000 females in each
6-mo category. We then allowed each combination of mortality and fertility
assumptions to operate on the population for 50 iterations, the equivalent of 25 yr.
We then calculated the intrinsic rate of increase directly from the resulting
population.

Results

P« 1s the probability of surviving between exact age x and exact age x+ /. [, is the
number of individuals that survive to exact age x and is equal to (/,_;)(p,_;). dy is the
number of individuals dying between exact age x and exact age x+ 1 and is therefore
equal to the algebraic difference between I, and /. ;. L, is the total number of
monkey 6-mo years the life-table population lived between exact age x and exact age
x+ 1. It requires an estimate of a,, which is the average proportion of the time lived
in the age interval x to x+ / by those that die during the interval. We assumed that
deaths were evenly distributed within an age interval and therefore a,=0.5 for all
age intervals, including the infant and adolescent intervals (0—54 mo), and so L,=
0.5(/,+1+ ;). We calculated Lx values from the mortality data (gx) via the preceding
equations. Lx values were then available for our simulations in the form of survival
@ Springer
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Table 2 Six mortality and 3 fertility assumptions for projection scenarios

Age interval Mortality: gx Fertility: fx
(in mo) ; 3 ; ;
High High High Low Low Low Low-  High-  Super-
with pull  with pull, with pull with pull, fertility fertility fertility
0 adult 0 adult

Assumptions 1 2 3 4 5 6 7 8 9

0-5 0293 0.332 0.332 0.141 0.182 0.182 0 0 0

6-11 0.249 0.279 0.279 0.116 0.146 0.146 0 0 0

12-17 0.209 0.229 0.229 0.094 0.114 0.114 0 0 0

18-23 0.173 0.183 0.183 0.075 0.086 0.086 0 0 0

24-29 0.142 0.142 0.142 0.060 0.060 0.060 0 0 0

30-35 0.116 0.105 0.105 0.049 0.038 0.038 0 0 0
3641 0.094 0.072 0.072 0.041 0.019 0.019 0.1230  0.1563 0.3333
4247 0.076  0.043 0.043 0.037 0.003 0.003 0.1230  0.1563 0.3333
48-53 0.063 0.018 0.018 0.036  0.000 0.000 0.1230  0.1563 0.3333
54-59 0.055 0.000 0.000 0.039  0.000 0.000 0.1230  0.1563  0.3333
60-65 0.051 0.000 0.000 0.046  0.000 0.000 0.1230  0.1563 0.3333
66-71 0.051 0.000 0.000 0.056 0.000 0.000 0.1230  0.1563  0.3333
72-77 0.056  0.000 0.000 0.069 0.000 0.000 0.1230  0.1563 0.3333
78-83 0.065 0.000 0.000 0.086 0.000 0.000 0.1230 0.1563 0.3333
84-89 0.079  0.000 0.000 0.107  0.000 0.000 0.1230  0.1563 0.3333
90-95 0.097 0.000 0.000 0.131 0.000 0.000 0.1230  0.1563 0.3333
96-101 0.120  0.000 0.000 0.159 0.007 0.000 0.1230  0.1563  0.3333
102-107 0.147  0.000 0.000 0.190 0.023 0.000 0.1230  0.1563 0.3333
108-113 0.179 0.001 0.000 0.224 0.043 0.000 0.1230  0.1563  0.3333
114-119 0.215 0.022 0.000 0.263  0.066 0.000 0.1230  0.1563 0.3333

120-125 0.256 0.048 0.000 0.305 0.092 0.000 0.1230 0.1563 0.3333
126-131 0.301 0.077 0.000 0.350 0.122 0.000 0.1230  0.1563 0.3333
132-137 0.350 0.111 0.000 0.399 0.154 0.000 0.1230 0.1563 0.3333
138-143 0.404 0.149 0.000 0.451 0.190 0.000 0.1230  0.1563 0.3333
144-149 0.463 0.191 0.000 0.508 0.230 0.000 0.1230 0.1563 0.3333
150-155 0.526 0.237 0.000 0.567 0.272 0.000 0.1230  0.1563  0.3333
156-161 0.594 0.288 0.000 0.630 0.318 0.000 0.1230 0.1563 0.3333
162-167 0.665 0.342 0.000 0.697 0.367 0.000 0.1230  0.1563  0.3333
168-173 0.742 0.401 0.000 0.767 0.419 0.000 0.1230 0.1563 0.3333
174-179 0.823 0.464 0.000 0.841 0.474 0.000 0.1230 0.1563 0.3333
180-185 0.908 0.531 0.000 0918 0.533 0.000 0.1230 0.1563 0.3333
186-191 1.000 1.000 1.000 1.000 1.000 1.000 0.1230 0.1563 0.3333
192-197 0.000 0.000 0.000 0.000 0.000 0.000 0.0000  0.0000 0.0000

ratios, i.e., Lx+ 1/Lx=survival ratio for r=x. Values after 50 iterations converged to
the stable age structure. The » value converges to a value in the high-fertility
assumption across each of the 6 mortality assumptions (Fig. 1). We calculated
intrinsic rates of growth from each of the 18 scenarios (Table 3).

Intrinsic rates of natural increase for hunted populations (high mortality) were <0
across the fertilities common in Gombe red colobus (range: —0.087 to —0.012 for
19.2-24.2 mo interbirth intervals), making the populations unlikely to persist. Only
under low mortality, i.e., nonhunted, with moderate to O deaths in the adult
categories, combined with the average observed fertility assumptions do our
populations display a positive rate of growth. An interbirth interval of 19.1 mo
represents the average interbirth interval after an infant mortality, and 9.0 mo is the
shortest interbirth interval after an infant’s death (Stanford 1998). Though super-
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fertile populations display positive growth in virtually all hunted and nonhunted
scenarios, they are not likely to be a feasible response to intense predation in that it
must be preceded by early infant death.

Discussion

Primate populations exhibit remarkable plasticity in life-history traits such as age at
reproductive maturity, survival, or adult fertility (Pereira and Leigh 2003). We used
what is known of the traits in red colobus for 1 locale in Africa and developed a
number of assumptions bracketing known values to project future population sizes.
We constructed the models for a population of both hunted and nonhunted red
colobus between 1991 and 1993 (Stanford 1995). In life-table models the population
is arbitrary and may be related to any level of biological organization. For example,
the population is any collection of individuals, and can be a subgroup of individuals,
the group, a population of groups, the species, etc. Here we used the multimale,
multifemale, patrilocal group of red colobus as the population. Our results suggest
that for a broad range of natural fertility rates, hunted groups of monkeys are
unsustainable.

Table 3 Intrinsic rates of natural growth for 18 scenarios (6 mortality assumptions x 3 fertility assumptions)

Low fertility High fertility Super fertility
Total fertility rate 6.39 8.13 17.33
Gross reproduction rate 3.20 4.06 8.67
Growth rate in 6 mo Low fertility High fertility Super fertility
High mortality —0.087 —0.071 —0.017
High mortality with pull —0.042 —-0.029 0.018
High mortality with pull, 0 adult mortality —0.024 -0.012 0.032
Low mortality —0.031 -0.012 0.054
Low mortality with pull 0.006 0.023 0.081
Low mortality with pull, 0 adult mortality 0.025 0.040 0.092
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Role of Increased Reproductive Output of Gombe Red Colobus

Are red colobus able to escape extirpation from the very intense levels of
predation, which yearly ranges from 16 to 40% of the population (Stanford 1996,
1998; Wrangham and van Bergmann-Riss 1990), by increasing reproductive output
either via earlier maturation or shorter interbirth intervals? If, for example, all young
individuals in a hunted red colobus group are exposed to a certain level of predation
risk, then simply having more sequential single offspring per mother should not
increase the probability that any individual survives a critical period of its life.
“Relying on fecundity as an antipredator mechanism is tantamount to relying on
chance (i.e., production of many young must increase the chance that some will not
be eaten).” (Matter and Mannan 2005, p. 1318). In lieu of any statistical advantage, a
prey must have some behavioral, habitat, or morphological variation that increases
the chance to avoid predation. It appears that shortening interbirth intervals is not
enough.

Role of the Red Colobus Metapopulation in Gombe

There is increasing research interest in the role of metapopulations—the total
population of a species in a region versus populations in particular circumscribed
areas—in the persistence of predator-prey interactions. An especially popular
application of the use of the concept of metapopulations has been in the context of
predator-prey interactions as a way of reconciling their persistence in nature with the
fact that spatially simple predator-prey systems, both in the laboratory and in
models, tend to be unstable to the point of extinction (Taylor 1990). Dispersal among
populations may allow for the persistence of populations that otherwise experience
unstable fluctuations and local extinctions. Despite long-term studies on predator-
prey systems, evidence of the importance of dispersal is largely indirect.

We have assumed immigration and emigration are identical. While unrealistic, the
assumption permits us to investigate the potential consequences of hunting at the
group level. In all but the most fertile (and perhaps unrealistic) populations,
predation resulted in negative growth trends.

The most likely role of dispersal in such scenarios is one in which movement
from source populations allows hunted populations to persist. Some background is
informative here. Gombe National Park is located in the Kigoma Rural District in
western Tanzania, a district with >1 million inhabitants. It is a mere 32 km? and
contains ca. 150 chimpanzees. Today, Gombe is an isolated island of forest
surrounded by a deforested landscape (Campbell 2001). Given that, ecologically
speaking, red colobus are specialists that reside in core forest habitat, it is unlikely
that anything but relic populations of red colobus monkeys exist outside the park.

According to stable population theory, with constant below-replacement fertility,
i.e., deaths exceed births, constant mortality, and constant positive net migration, a
population will converge to stationarity (Espenshade et al 1982). That is, the
population will assume a constant age structure and 0 population growth,
irrespective of the imbalance between births and deaths and no matter the level of
net migration, so long as it is positive. In our modeled, predated colobus
populations, without migrants, the population would have negative growth rates
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and eventually disappear. However, because the population is supplemented by
inflows, the result may be a fairly stationary population if the inflows are fairly
constant. However, in Gombe, the condition of constant positive net migration from
outside the hunted colobus populations is probably not met, making a stationary
population unlikely in the long-term.

In his study of predator-prey relations, Schaller (1972) concluded that predation
by Serengeti lions is not a limiting factor on prey populations because lions often
take the surplus individuals that are less fit. While the notion that predators rarely
cause the extinction of coevolved prey is a very real one, we argue that a natural
predator-prey interaction has an ecological context and that when that context is
altered, e.g., via a landscape level conversion of habitat to degraded states, the
evolved interaction must find a new equilibrium or cease to exist. It is that sort of
extirpation that we believe is happening to the red colobus in Gombe, in the absence
of a greater colobus metapopulation.

Given our results, the current predator-prey interactions between chimpanzees and
red colobus at Gombe could not have existed for many years in the past, and can
persist for only a short time into the future. We offer the hypothesis that the
unusually high predation rates on this red colobus population are not natural and
have been caused by recent changes to the habitat and related demographic changes
to both the chimpanzee and red colobus populations.
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