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Abstract: The presence of indigenous people in tropical parks has fueled a debate over whether people in
parks are conservation allies or direct threats to biodiversity. A well-known example is the Matsigenka (or
Machiguenga) population residing in Manu National Park in Peruvian Amazonia. Because the exploitation
of wild meat (or bushmeat), especially large vertebrates, represents the most significant internal threat to
biodiversity in Manu, we analyzed 1 year of participatory monitoring of game offtake in two Matsigenka
native communities within Manu Park (102,397 consumer days and 2,089 prey items). We used the Robinson
and Redford (1991) index to identify five prey species hunted at or above maximum sustainable yield within
the ∼150-km2 core hunting zones of the two communities: woolly monkey (Lagothrix lagotricha), spider monkey
(Ateles chamek), white-lipped peccary (Tayassu pecari), Razor-billed Currasow (Mitu tuberosa), and Spix’s Guan
(Penelope jacquacu). There was little or no evidence that any of these five species has become depleted, other
than locally, despite a near doubling of the human population since 1988. Hunter–prey profiles have not
changed since 1988, and there has been little change in per capita consumption rates or mean prey weights.
The current offtake by the Matsigenka appears to be sustainable, apparently due to source–sink dynamics.
Source–sink dynamics imply that even with continued human population growth within a settlement, offtake
for each hunted species will eventually reach an asymptote. Thus, stabilizing the Matsigenka population around
existing settlements should be a primary policy goal for Manu Park.
Keywords: biodiversity conservation, bushmeat, community-based conservation, human-inhabited protected
areas, indigenous rights, Manu National Park, Peru, protected-area management, source–sink dynamics, subsistence
hunting, wild meat
La Sustentabilidad de la Cacerı́a de Subsistencia de Comunidades Nativas Matsigenka en el Parque Nacional Manú,
Perú

Resumen: La presencia de indı́genas en parques tropicales ha generado un debate sobre sı́ la gente en los
parques son aliados para la conservación o sı́ son amenazas directas para la biodiversidad. Un ejemplo
bien conocido es la población Matsigenka (o Machiguenga) que reside en el Parque Nacional Manú en la
Amazonı́a peruana. Debido a que la explotación de carne de vida silvestre, especialmente de vertebrados
mayores, representa la amenaza interna más significativa para la biodiversidad en Manú, analizamos 1
año de monitoreo participativo de la captura de presas en dos comunidades Matsigenka dentro del Parque
Manú (102,397 dı́as consumidor y 2,089 presas). Utilizamos el ı́ndice de Robinson y Redford (1991) para
identificar cinco especies de presas cazadas en o por arriba de la producción máxima sostenible dentro de las
zonas de caza de ∼150-km2 de las dos comunidades: Lagothrix lagotricha, Ateles chamek, Tayassu pecari, Mitu
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tuberosa y Penelope jacquacu. A pesar de que la población humana casi se ha duplicado desde 1988, hubo
poca o ninguna evidencia de que alguna de estas especies ha sido diezmada. Los perfiles cazador-presa no
han cambiado desde 1988, y ha habido poco cambio en las tasas de consumo per capita o el peso promedio de
las presas. La captura actual por los Matsigenka parece ser sustentable, debido aparentemente a la dinámica
fuente-vertedero. La dinámica fuente-vertedero implica que aun con el crecimiento de la población humana, la
captura de cada especie eventualmente alcanzará una ası́ntota. Por lo tanto, la estabilización de la población
Matsigenka alrededor de los asentamientos existentes deberá ser una polı́tica primaria en el Parque Manú.

Palabras Clave: áreas protegidas, cacerı́a de subsistencia, carne de vida silvestre, conservación basada en comunidades, conservación de la biodiversidad, derechos indı́genas, dinámica fuente-vertedero, manejo de áreas
protegidas, Parque Nacional Manú

Introduction
The presence of indigenous peoples in parks in the Amazon basin has fueled a debate between those who view
indigenous people as conservation allies and those who
see them as a threat (Redford 1991; Alcorn 1993; Redford
& Stearman 1993; Robinson 1993; Peres 1994; Harmon
1998; Zimmerman et al. 2001; Shepard 2002; Terborgh &
Peres 2002; da Silva et al. 2005; Nepstad et al. 2006). One
skirmish appeared in the pages of Conservation Biology,
triggered by Terborgh’s (1999) warning that the westernizing and fast-growing Matsigenka indigenous population
in Peru’s Manu National Park will eventually degrade the
park’s biological integrity unless some way is found to promote voluntary resettlement outside the park (Redford
& Sanderson 2000; Schwartzman et al. 2000; Terborgh
2000; Peres & Zimmerman 2001).
For Manu the main biodiversity cost of human occupation is the reduction in large-bodied vertebrate game populations caused by overhunting (Terborgh 1999; Shepard
et al. 2007). Matsigenka agricultural practices by themselves will cause little disturbance to the park. Even allowing for a 50-year fallow period, suitable soils within 500
m of the main settlements can sustain agriculture indefinitely for a population of at least 2100 people, five times
the current population (details in Ohl et al. 2007). Thus, in
this park, the reconciliation of biodiversity conservation
with indigenous rights starts with effective game management. To this end we implemented a participatory
protocol for monitoring game animal consumption.
Here we present the results from our first year of data
collection. We test the hypothesis that game populations
are being sustained, despite high hunting pressure, by immigration from unhunted refugia via source–sink dynamics. Spatial prey refuges stabilize predator–prey dynamics
(e.g., May 1978; Joshi & Gadgil 1991) and are widely credited with allowing the persistence of game species within
indigenous reserves across the Amazon (e.g., Begazo &
Bodmer 1998; Novaro et al. 2000; Peres 2001).
Furthermore, source–sink dynamics imply a management tool. For each locally unsustainably exploited game
species, the long-term offtake rate should not exceed the
rate of immigration from the source (e.g., Sirén et al.

2004). This implies that it might be possible to cap the biodiversity cost of hunting by stabilizing occupation around
existing settlements, even as human population growth
occurs within. Nevertheless, such a conservation strategy is only viable to the extent that the immigration rate
of game is limited. A high rate of dispersal from source
to sink can cost the source population some of its viability (“source risk,” Amarasekare 2004) and can even
result in the extinction of a source population, especially
if individuals preferentially disperse into empty territory
(Gundersen et al. 2001) and/or if quality of the source
area is poor, although sufficient to sustain a population
(Amarasekare 2004).
Therefore, we also tested for limited immigration rates
by examining whether hunters travel farther to hunt
species that are less resilient to hunting. Lower resilience
should result in greater local depletion, forcing hunters
to travel farther, on average, to make a kill. Nevertheless,
high rates of immigration into sinks would tend to erase
such a distance effect because high rates smooth out differences in density between source and sink populations
(e.g., Sirén et al. 2004).

Methods
Study Area
The 1.7-Mha Manu National Park (PNM) covers the watershed of the Manu River, including large stretches of
lowland tropical rainforest. Most rainfall (approximately
2600 mm) occurs from November to May. Since its creation in 1973, Manu Park has been considered one of
the world’s most important tropical protected areas (Terborgh 1999). It constitutes the core area of a United Nations Educational, Scientific and Cultural Organization
(UNESCO) biosphere reserve, is located in a biodiversity hotspot, and is a World Heritage Site. As of January
2005, there were 421 Matsigenka people settled mostly in
two state-recognized communities inside the park’s core.
Three to four hundred more isolated Matsigenka reside
in remote settlements in the Manu headwaters, and there
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Figure 1. Map of Manu National Park.
are unknown numbers of uncontacted hunter-gatherers
(Shepard et al. 2007).
The settled Matsigenka population within the park is
divided among two legally constituted native communities, Tayakome m ( January 2005 population 149, 25 males
from ages 16 to 45) and Yomybato m (183, 36). Two satellite communities, Maizal s (46, 6) and Sarigemini s (35, 6),
and a single-family residence, Maronaro (8, 2), approximately double the 1988 population (Fig. 1; see Supplementary Material). (Subscripts differentiate the main [m]
and satellite [s] communities.) We reviewed the history
of these communities in Shepard et al. (2007), but in
short, Tayakome m was founded by missionaries (expelled
in 1973 when the park was established) in the early 1960s;
Yomybato m dates from the late 1970s; Sarigemini s and
Maizal s from the 1990s, and Maronaro from 2000. Only
Yomybato m and Tayakome m are provisioned with health
posts and schools. Thus, satellite settlements, which are
younger and have fewer hunters, exert less hunting pressure than do the main settlements.
The Matsigenka live in scattered residence groups of nuclear family households that are bound by kinship or marriage and that often share meals. The Matsigenka engage
in hunting, fishing, foraging, and swidden agriculture of
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manioc, bananas, and diverse minor crops. Hunting and
fishing provide most dietary protein. Other wild foods are
only a small fraction of their diet. Primate hunting happens mostly from February to June, when primates are
fat from eating rainy-season fruits. In the dry season the
Matsigenka fish extensively with barbasco (Lonchocarpus sp.) poison. In Tayakome m , many families fish year
round on the river.
These Matsigenka live in an exceptional situation. Park
rules prohibit firearms and commercial activities, which
forces the Matsigenka to maintain a largely traditional pattern of bow-and-arrow hunting and subsistence agriculture that is disappearing outside PNM. In Tayakome m and
Yomybato m , some families maintain a second residence
at some distance from the main community, where game
is more abundant and where they can enjoy greater autonomy and avoid social conflicts.
Data Collection
GAME OFFTAKE MONITORING

In October 2004 we began monitoring offtake of game by
26 residence groups, including all groups in Yomybato m
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(n = 12), Sarigemini s (2), Maizal s (2), and Maronaro s (1)
and 9 of 11 groups in Tayakome m . We analyzed our first 12
months of data, a total of 102,397 consumer days, where
consumers were ≥3 years old. A successful monitoring
system in an indigenous population requires attention to
cultural nuances, so a detailed protocol is available (see
Supplementary Material).
Each residence group received pictorial monitoring
sheets and scales with which to weigh animals (see Supplementary Material). The species, weight, and sex of
items killed were recorded as were hunting techniques
and weapons used (e.g., bow and arrow, dogs), hunt duration (many hunters own wristwatches) and date, location of the kill, and names of hunter and companions.
Skulls were saved whenever possible, which caused us
to reject the data from one residence group because the
offtake records they reported were more than double the
number of skulls collected, a degree of mismatch found
nowhere else. Other Matsigenka monitors warned us that
this family was “cheating,” perhaps hoping for more payment. Thus, the total number of monitored households
was 25.
In Yomybato and Tayakome the investigators walked
hunting trails with GPS units (Garmin 12XL and 60, with
external antennas (Garmin International, Kansas City,
Missouri) to georeference landscape features, crossing
streams, salt licks, and secondary residences. We categorized kills into one of four distance categories based
on the locations of the georeferenced features, time and
location information on the data sheets, and information
from detailed interviews conducted during regular visits
to collect the sheets (see Supplementary Material). The
innermost distance category was a polygon around all
the houses of each community plus a 500-m buffer. The
hunters defined this area as “close to the house/field,”
with a one-way walking time of ≤30 minutes. The second
distance category extended to a radius of 3 km (one-way
walking time of ≤1.5 hours). The third category extended
to 5.5 km (≤2.5 hours walking time), and the fourth covered all forays >5.5 km beyond the core hunting zone,
including stays at secondary residences. The core hunting zones (categories 1 through 3) covered 151 km2 for
Yomybato and 152 km2 for Tayakome. Interpretable location information was available for 94% of kills in Yomybato and 90% of kills in Tayakome. Incomplete mapping
in the other settlements did not permit accurate distance
categorization.
HUNTER-FORAY MONITORING

We used a second pictorial monitoring sheet to obtain
additional information (see Supplementary Material): the
duration and location of each hunting foray and the times
at which different game animals were seen, pursued, or
hunted. For each animal seen, hunters registered whether
they shot arrows, their arrows hit the target, and the an-
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imal was both killed and retrieved. For wounded but unretrieved animals, hunters were asked to judge by the
wounds whether that animal “will survive” or “will die,
to be eaten by vultures.” In all, 619 forays by 56 different
hunters from eight residence groups were recorded from
November 2004 to December 2005.
Data Analyses
We used the following strategy to test whether source–
sink dynamics were sustaining offtake. First, we used the
Robinson and Redford (1991) production model to identify a set of species that we could be confident was being
exploited at more than the maximum sustainable yield
(MSY) of the core hunting zone. Second, we tested those
species for depletion, comparing Yomybato m ’s current
offtake with historical data sets and comparing all current offtake from the main settlements with the smaller,
more recent satellite settlements. If we could not detect
depletion, we inferred that immigration was maintaining
local game populations.
SUSTAINABILITY

We calculated the MSY by multiplying the population density at maximum production (K = 0.6, the carrying capacity) by the net intrinsic rate of population increase (λ max
= exp[r max ]). Of this production, P max , a fraction, F, was
taken as safe to exploit, where F was 0.2, 0.4, and 0.6 for
species with long, medium, and short life spans, respectively:
MSY = Pmax F = 0.6K (λmax − 1)F ;

(1)

K and λ max are notoriously difficult to estimate. We followed Robinson and Redford (1991) and used their values for K, most of which are based on estimates from
PNM, updating parameters for which new information
is available. We also used their method, Cole’s equation,
to estimate r max . The calculated MSY values are overestimates (Milner-Gulland & Akçakaya 2001). Thus, species
for which offtake is greater than or equal to MSY surely
indicates locally unsustainable exploitation.
We calculated MSY for all species for which r max could
be estimated. Tayakome m offtake was multiplied by 1.4
to correct for the unmonitored consumer days of nonparticipating households. We used results from the foray
monitoring to augment offtake with two measures of collateral mortality, when available: retrieved + will die only,
and the more conservative retrieved + will die + will survive.
DEPLETION

Optimal foraging theory predicts a more diverse offtake
profile when preferred game species are depleted, because hunters are forced to accept less-preferred prey
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(Bodmer et al. 1997; Fa et al. 2000; Hill et al. 2003; Jerozolimski & Peres 2003; Rowcliffe et al. 2003). Thus, to
detect depletion, we compared the species diversity of
current offtake in the main communities with historical
data sets and with the satellite settlements.
There are three historical data sets for Yomybato m : (1)
October 1, 1988,–May 15, 1989 (the largest) (Alvard et al.
1997), on five residence groups monitored for 6481 consumer days, (2) January 1999–2000 on three households
(da Silva et al. 2005), and (3) October 2001–May 2002 on
five households for 1580 consumer days (Ohl 2004). The
first and third data sets were based on regular visits, and
recently captured prey items were weighed. The second
data set was based on skulls saved. To match seasonality, our current data from Yomybato m were limited to 25
October 2004–31 May 2005.
An important limitation of the historical data is that
sampling effort was not as exhaustive and free of prey size
bias as in our current study, in which we recorded offtake
down to small birds for all hunters. Thus, we used only
primate offtake, which included both favored and unfavored species and which for cultural reasons (da Silva et al.
2005) was better represented in skull collections than ungulates. For the other species, and for Tayakome m , where
we had no historical data, we conducted a spatial comparison between the larger communities and their satellite
settlements, which were smaller and younger (see Study
Area) and should have had less-depleted game populations. We used offtake data from 20 October 2004 to 31
May 2005 to match the dates of Maizal s ’s participation (as
above).
We used the software package PAST (Hammer et al.
2001) to calculate
a measure of diversity, Simpson’s inn
dex, 1 −  = 1 − i=1
pi2 , where p i is the frequency of
species i. Diversities were compared in a pairwise manner with a two-sample Monte Carlo bootstrap with 1000
replicates. Simpson’s index has been recommended over
Shannon’s index for both theoretical and statistical reasons (Keylock 2005), but results were similar with both
indices (not shown).
PER CAPITA CONSUMPTION AND MEAN PREY WEIGHTS

Per capita consumption and mean prey weights should
decrease when game is depleted. To compare species-byspecies consumption between the 1988–1989 and current data sets ( Yomybato m , October–May), we treated
each residence group as a single data point. Mean prey
weights from our study were substituted when historical records lacked weights. To minimize type I statistical
error caused by tablewide comparisons, the significance
of a difference in means was calculated only when consumption in 1988–1999 was greater than in 2004–2005.
We used POPTOOLS (Hood 2006) to compare the means
with a two-sample Monte Carlo permutation test with
9999 replicates (i.e., sampling without replacement, ow-
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ing to low sample sizes and nonnormal distributions of
error residuals). For the spatial comparison we used a
one-way analysis of variance (ANOVA) with a Tukey HSD
post hoc test to compare ln-transformed prey weights between the main settlements and their satellites.
COMPARING DEPLETION TESTS

The depletion tests we used have different advantages
and disadvantages. Prey profile comparisons are justified
under optimal foraging theory (Rowcliffe et al. 2003).
Nevertheless, although large changes in prey diversity are
interpretable (e.g., Fa et al. 2000; Jerozolimski & Peres
2003), it is still not clear how powerful this approach is
for detecting the onset of game depletion or for detecting the depletion of individual species that have never
made up a large numerical proportion of offtake (such as
tapirs) or, conversely, whether small but statistically significant changes in a diversity index are ecologically relevant. Moreover, comparisons crucially assume that substitutes for preferred game are included in the comparison.
For example, if hunters switch from game to fish, but fish
are not included in the analysis, then game diversity could
remain constant, even as game offtake declines. Additionally, small species tend not to be well represented in skull
collections (e.g., Bodmer 1994; da Silva et al. 2005), and
embarrassment might lead some hunters to underreport
kills of small species, which could obscure increases in
offtake diversity. During our regular visits we reinforced
the importance of reporting all kills. Because every residence group reported small species (sometimes exclusively), we are confident our data set is representative.
Finally, it is important to complement diversity indices
with measures of prey mass. Depletion is indicated only
if an increase in offtake diversity is accompanied by a
decrease in mean prey mass, indicating that hunters are
accepting less profitable prey.
Consumption rates are a more direct way of inferring depletion. Nevertheless, alternative reasons must be
checked separately. Reduced consumption of game could
result from the introduction of substitute activities, such
as employment, or substitute protein sources, such as
livestock. Alternatively, because we were measuring per
capita consumption, growth in the consumer population might have outstripped growth in offtake because
of limited immigration from the source. Conversely, even
if game stocks are depleted, consumption rates could
be maintained temporarily by the introduction of better
hunting technology, such as shotguns. In our case, little
has changed economically since 1988 other than population growth.
We conducted both spatial and temporal tests of depletion. Nevertheless, spatial comparisons were less easily
interpreted because we could not control for the possible effects of habitat heterogeneity and/or hunter skill
differences on the patterns of offtake.
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Table 1. Offtake rates within the core Tayakome m and Yomybato m hunting zones (151 and 152 km2 , respectively), October 2004 – October 2005,
compared with the Robinson and Redford maximum sustainable offtake (MSY).a

Tayakome m

Yomybato m

Offtake rate (individuals/km2 /year)
and sourceb

retrieved +
retrieved +
retrieved retrieved + will die + retrieved retrieved + will die +
MSY offtake
will die will survive offtake
will die will survive

Ateles chamek, black-faced spider monkey (1)
Lagothrix lagotricha, common woolly monkey (2)
Mitu tuberosa, Razor-billed Curassow (3)
Penelope jacquacu, Spix’s Guan (3)
Tayassu pecari, white-lipped peccary (4)
Agouti paca, paca (2)
Alouatta seniculus, red howler monkey (2)
Callicebus moloch, dusky titi monkey (2)
Cebus albifrons, white-fronted capuchin monkey (2)
C. apella, brown capuchin monkey (2)
Dasyprocta variegata, brown agouti (2)
Geochelone denticulata, yellow-footed tortoise (5)
Mazama americana, red-brocket deer (6)
Myoprocta pratti, green acouchy (7)
Nasua nasua, South American coati (5)
Ortalis guttata, Speckled Chachalaca (3)
Pipile cumanensis, Blue-throated Piping-Guan (3)
Saimiri sciureus, common squirrel monkey (2)
Tayassu tajacu, collared peccary (4)

0.38
0.19
0.09
0.14
0.16
0.40
0.67
0.74
0.78
0.72
2.50
1.32
0.3
4.07
0.35
0.54
0.88
2.04
0.58

0.29
0.14
0.44c
0.12
0.71c
0.07
0.13
0.04
0.04
0.11
0.25
0.25
0.01
0.06
0.07
0.09
0.28
0.03
0.19

0.33
0.16
0.57c
0.14c
0.89c
—
0.16
0.04
0.04
0.16
—
n/a
—
—
0.10
—
0.32
—
0.24

0.58c
0.26c
0.71c
0.16c
1.68c
—
0.27
0.05
0.06
0.34
—
n/a
—
—
0.13
—
0.34
—
0.34

0.41c
0.44c
0.19c
0.14c
0.60c
0.23
0.12
0.05
0.05
0.07
0.13
0.22
0.03
0.36
0.07
0.02
0.16
0.02
0.13

0.48c
0.52c
0.24c
0.16c
0.75c
—
0.15
0.05
0.05
0.09
—
n/a
—
—
0.09
—
0.18
—
0.16

0.82c
0.84c
0.30c
0.19c
1.42c
—
0.25
0.06
0.07
0.20
—
n/a
—
—
0.12
—
0.19
—
0.23

a The first five species have offtake rates that exceed the MSY. Tayakome’s measured offtake is multiplied by 1.4 to account for three residence
groups that did not participate in the study (see Data Analysis). Two estimates of collateral mortality are added (see also Data Analysis).
Retrieved offtake includes only prey that were killed and retrieved by the hunter. The “+ will die” adds wounded but escaped animals that
hunters judged would die later in the forest. The “+ will survive” adds wounded and escaped animals that hunters judged would not die later
in the forest.
b Values for the calculation of the intrinsic rate of population increase and of densities taken from (1) McFarland-Symington (1987a, 1987b)
and Robinson & Redford (1986); (2) Robinson & Bennett (2000); (3) Begazo & Bodmer (1998); (4) Gottdenker & Bodmer (1998) and Robinson
& Redford (1986); (5) Peres & Nascimento (2006); (6) Robinson & Redford (1986); (7) Bodmer et al. (1997).
c Offtake levels ≥ MSY.

MEAN KILL DISTANCES

Unsustainably Hunted Species

For 19 of the species in Table 1 (omitting tapirs because
of low sample size), we calculated the mean ordinal distance of all kills with the four distance categories and
fit a general linear model (GLM) with the explanatory
variables MSY and settlement. Residuals were normally
distributed.

Offtake levels of four species were above MSY in at least
one community (Table 1): the spider monkey, woolly
monkey, Razor-billed Curassow, and white-lipped peccary. In addition, the offtake of Spix’s Guans was near
MSY. Offtakes for the remaining species were well below
MSY.
Of all game animals hit by an arrow, 48% (4.0 SE) escaped (see Supplementary Material). Of these, hunters
judged that 23% (6.2 SE) had been mortally wounded.
Larger species were significantly more likely to escape
after wounding (logistic regression, df = 1, χ2 = 10.7,
p = 0.001, variance explained = 39.4%), even when the
analysis was redone with only summed offtake and averaged weight values for the four higher-order taxa: primates (n = 6 species), ungulates (2), Carnivora (1), and
birds (4) ( p = 0.005). Of the wounded but escaped animals, the proportion predicted to die was not related to
body size ( p = 0.35). Incorporating collateral mortality
increased the calculated impact of hunting by approximately 14%–200%, depending on species and hunters’
judgment (Table 1).

Results
Total Offtake
Over 1 year 99 hunters recorded 2,089 kills, for a total of
15,875 kg of undressed prey weight (see Supplementary
Material), the live market weight of about 30 U.S. beef
cattle. The average prey weight was 6.4 kg (0.23 SE),
with a range of <100 g for small birds to 150 kg for the
lowland tapir. Bow and arrow was by far the dominant
weapon, although on rare occasions, birds were caught
with traps. In 2% of hunts a dog was involved directly in
the kill, although hunters frequently used dogs to locate
and pursue terrestrial prey.
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Prey Profile Comparisons
The 1988–1989 offtake of woolly and spider monkeys in
Yomybato m approached or exceeded the Robinson and
Redford MSY, respectively, as calculated by Alvard et al.
(1997), even without incorporating collateral mortality.
We inferred therefore that woolly and spider monkeys
have been hunted unsustainably in the Yomybato m hunting zone for at least 17 years (Ohl 2004; Table 1).
Nonetheless, Yomybato m ’s current offtake profile for
primates was not significantly different from any of the
three historical profiles (Fig. 2a). Woolly and spider monkeys made up over 80% of primate offtake in all data sets.
Moreover, the primate species offtake in Yomybato m in
this study was significantly less diverse than in its satellite
settlement, Sarigemini s ( p = 0.011, see Supplementary
Material). In the spatial comparison between Yomybato m
and Sarigemini s , for which we used the entire database,
pooled by major game categories, we also failed to detect a significant difference in prey profile diversity (Fig.
2b). Large primates and ungulates together made up 41%
of the Yomybato m offtake versus 32% of the Sarigemini s
offtake.
On the other hand, overall prey diversity in Tayakome m
(1 −  = 0.81) was significantly higher than in its satel-
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lite, Maizal s (1 −  = 0.72), suggesting depletion
(Fig. 2b). The difference was caused mostly by a lower
frequency of large primates in the Tayakome m prey
profile (24%) versus Maizal s (43%) (see Supplementary
Material). Limiting the comparison to primates, the
Maizal s profile was still significantly less diverse ( p <
0.001), even when we omitted woolly monkeys from the
analysis, which were patchily distributed and virtually
absent around Maizal s .
Mean Prey Weights
Mean prey weights at Yomybato m and Sarigemini s were
not significantly different from each other (Tukey HSD,
p > 0.05) but were significantly lower than weights at
Tayakome m and Maizal s (Tukey HSD, p < 0.05) because
of the higher frequency of small game birds taken at Yomybato m and Sarigemini s (see Supplementary Material). This
might reflect a greater availability of large-bodied prey
species in the more fertile floodplain forests bordering the
Manu River (Tayakome m and Maizal s ). Mean prey weight
at the Maizal s satellite was also significantly higher than
at Tayakome m (Tukey HSD, p > 0.05), which is consistent with the more diverse prey profile at Tayakome m
(Fig. 2b).

Figure 2. (a) Relative
abundances of primates killed
over four time periods in
Yomybato m . All pairwise
comparisons between data sets
are not significantly different at
p ≥ 0.70. ( b) Relative
abundances of prey killed by
residents of the main and satellite
settlements ( Yo, Yomybato m vs.
Sa, Sarigemini s , p = 0.868; Ta,
Tayakome m vs. Ma, Maizal s , p <
0.001, two tailed).
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Per Capita Consumption
In Yomybato m all but 1 of the 15 study species for which
we had historical consumption data exhibited per capita
meat consumption rates in 2004–2005 that were either
higher than or not significantly lower than those in 1988–
1989 (Fig. 3). The only significant decrease was for the
collared peccary (Tayassu tajacu), despite an offtake
less than the MSY (Table 1) and locally high abundance.
The clear explanation for the decrease is substitution by
the now-abundant and larger-bodied white-lipped peccary, which were inexplicably rare throughout Manu from
1978 to 1990 (Silman et al. 2003). Only two kills were
recorded in 1988–1989. For Razor-billed Currasows only
one kill was recorded in 1988–1989, so we could not calculate a useful historical consumption rate. Nonetheless,
because 21 birds of this species were killed between October 2004 and May 2005, we inferred that depletion has
not yet occurred.

Hunting Distances by Species
Forty-one percent of all prey were hunted in the first
distance category (i.e., ≤500 m from the community
perimeter), corresponding to just 6% of the hunting zone
(Fig. 4a). More generally, the distance distribution of offtake was divided between those species hunted mostly
within the first distance category (0–0.5 km; Fig. 4b)
and those hunted mostly in the second category (0.5–
3 km; Fig. 4c). This second group included four of the
five species flagged as being unsustainably hunted (Table
1). A GLM showed that more vulnerable species (lower
MSY) were hunted at greater distances (Fig. 4d).
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Discussion
We deliberately used the overly permissive Robinson and
Redford index to identify five species for which we could
be confident that local offtake is currently unsustainable
(Table 1). These included woolly and spider monkeys,
which are among the five vertebrate species most vulnerable to hunting in Amazonia (Peres 2000). Nonetheless, in
Yomybato m , the five species were not depleted, despite
decades of hunting. Prey profiles, per capita consumption
rates, and mean prey weights did not indicate depletion
in either the temporal or spatial comparisons (Fig. 2, 3,
S8), with the easily explained exception of the peccary
species.
Our results for Tayakome m were less clear-cut because
we lacked historical data. Tayakome m prey profiles were
significantly more diverse than those of Maizal s , and prey
weights were significantly lower, suggesting depletion.
Nevertheless, as can occur with any spatial comparison,
Maizal s was far enough away (22 km, Fig. 1) that we could
not rule out habitat differences and was small enough that
a few skilled hunters could alter the offtake composition
appreciably. Moreover, hunters in Tayakome m still took
many large primates (see Supplementary Material), and all
game species were hunted more frequently within 3 km of
the community. Therefore, evidence for game depletion
in Tayakome m was weak.
Finally, for most of the species that had offtake amounts
below MSY (Table 1), historical data (Fig. 2a, Fig. 3) indicated that these species were also taken at low rates
in the past, supporting the interpretation that current
low offtake is better attributed to some combination of
low hunter preference and intrinsically low abundance

Figure 3. Average daily
meat consumption per
person and species in
Yomybato m , October to May
1988–1989 versus
2004–2005, with 95%
confidence intervals.
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Figure 4. Kill distance distributions by (a) all game ( b) game categories (see Methods) that are hunted most often
in the first distance category (close to the house). (c) Game species hunted more often in the farther distance
categories. (d) Mean kill distances compared with the maximum sustainable yield (MSY ) (general linear model,
mean kill distance category = 1.6 + 0.30 – 0.24∗ln(MSY ) for Yomybato m , R2 = 25.1%, F 2,35 = 13.6, p = 0.006).
The significance of the ln(MSY ) term was p = 0.007. Log transformation improved fit but was not necessary for
significance. The effect of settlement was marginally nonsignificant (p = 0.067), in part due to an influential data
point caused by three squirrel monkeys, out of six total, killed in Tayakome m ’s fourth distance category (circled).
The interaction effect was not significant (p = 0.39). Kills that took place during stays at distant secondary houses
and during overnight camping trips, usually next to animal clay licks, are coded as overnight trips.
than to depletion from a previously high abundance. We
did not have historical consumption data for red brocket
deer (Mazama americana), South American coatis (Nasua nasua), or Speckled Chachalacas (Ortalis guttata),
but Matisgenka hunters did not identify these species as
favored prey. The exception was the collared peccary,
which appeared to have been discarded in favor of the currently more abundant white-lipped peccary, which was
deemed sustainably exploited in 1988–1989 (Alvard et al.
1997).
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Evidence for Source-Sink Dynamics
Jerozolimski and Peres (2003) surveyed 31 hunted Neotropical sites and found that prey diversity generally doubles in settlements older than 18 years, indicating depletion. Yomybato m has been occupied continuously for
almost 30 years, and Tayakome m for more than 40, yet
no such changes were noted. The park’s prohibition of
firearms may be a factor, but the presence of vast, essentially unhunted, game refuges may be largely responsible.
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Source–sink dynamics are often invoked in hunting studies (Novaro et al. 2000; Peres 2001; Sirén et al. 2004; Novaro et al. 2005; Peres & Nascimento 2006), and management recommendations regularly include the establishment of reserve areas (e.g., Fragoso et al. 2000; Bodmer
& Robinson 2004).
Within the hunting literature the basis for demonstrating a source–sink dynamic typically rests on showing the
existence of a mortality sink, which is inferred when offtake exceeds the calculated MSY of the focal area (Table 1). If threatened species continue to be taken, especially at high levels, and if a candidate source area is
nearby, then immigration is inferred. This protocol makes
two assumptions that our results support. (1) Hunting
mortality in the sink has not been counterbalanced fully
by higher, density-dependent population growth. Our
use of the Robinson and Redford index, which overestimates the real maximum sustainable yield (Milner-Gulland
& Akçakaya 2001), to identify unsustainably exploited
species makes it unlikely that density dependence has
counterbalanced hunting mortality. (2) Hunters have not
increased their hunting zone. For 1-day forays this is almost a given because hunters cannot increase their maximum walking range beyond a 10-km radius. Thus, in
Yomybato m the recorded outer limit of 1-day forays was
a salt lick about 10 km from the village center, the same
spot that was georeferenced in a 1996 study of Matsigenka
landscape ecology (Shepard et al. 2001) and the same
distance as used by Alvard et al. (1997) in their analysis of the 1988–1989 offtake data. In Tayakome m we did
not have comparable historical data, but over both settlements, our current offtake data indicated that 90% of
kills were obtained during 1-day forays (Fig. 4), and even
for the vulnerable large primate species, almost 70% of
offtake occurred within the core hunting zone. Most of
the rest of the offtake was taken during temporary stays
at secondary houses, which, along with the satellite settlements, Sarigemini s , Maronaro, and Maizal s , represent
increases in the area used for hunting.
Source Risk
Prey refuges and source–sink dynamics can form part of
the basis for a game management plan, but only if dispersal from the source to the sink is limited so that emigration will not threaten the viability of source populations (Amarasekare 2004). We found that more-vulnerable
species (lower MSY) were generally hunted farther away
from the settlements (Fig. 4b–d). This result probably
means that immigration is slow enough that it is unable to restore sink populations completely (Sirén et al.
2004). As a result low-MSY species are more depleted
and hunters must search longer to kill them. Nonetheless, following Amarasekare (2004), a full analysis of
source risk requires assessments of source quality and
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of the nature of density dependence as it affects dispersal
behavior.
Policy Implications
Parks are held to a higher conservation standard than
are indigenous territories; a park has the added role of
protecting vulnerable vertebrate species in populations
large enough to maintain their biodiversity maintenance
functions, a role that is not obviously compatible with
the presence of a growing human population (Terborgh
1999). Nevertheless, in this case Peruvian law grants residence rights to preexisting indigenous populations in national parks as long as their presence does not “interfere
with conservation objectives” (Shepard et al. 2007). Nevertheless, our results support the idea that source–sink
dynamics help maintain populations of game species in
the face of hunting by the Matsigenka inhabitants of Manu
Park; thus, Matsigenka presence is currently compatible
with conservation.
What about the future? It appears inevitable that human
population growth will eventually threaten the viability
of some game species in Manu Park, particularly large
primates. Source–sink dynamics can provide the basis of a
solution for this challenge because total offtake of a given
species in a hunting zone may not exceed its immigration
rate (e.g., Sirén et al. 2004), independent of the number
of consumers. Thus, settlement spread (which starts as
the establishment of temporary secondary houses and
eventually results in permanent satellite settlements) is
proximately more important than population growth per
se, although the latter drives the former.
A key research goal is therefore to estimate immigration
rates for vulnerable species and to estimate the degree to
which dispersal draws down source populations. These
estimates, combined with projections of growth in the
number and spatial distribution of settlements, will allow
projections of the total source area drawn upon by the
hunting sinks. Even without quantitative estimates, stabilizing the Matsigenka population around existing settlements should be a primary goal for Manu Park; thus,
another research goal should be to understand the socioeconomic factors that promote settlement stability.
The results of such an interdisciplinary research program have applicability across the Neotropics. Indigenous
territories account for 52% of all reserves by acreage in the
nine Amazonian countries, and overall cover 100 million
ha or 21% of forested area in the Brazilian Amazon (Peres
1994). Moreover, 70% of Amazonian parks already contain
people (Terborgh & Peres 2002), and most protected areas being created today explicitly include people, with
the notable example of Brazilian Amazonia, where a vast
network of national forests and extractive and sustainable
development reserves are legally occupied by nontribal
forest dwellers subsisting partially or entirely on game
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vertebrate meat. Managing protected areas so that human inhabitants exact the minimal cost to biodiversity
and even contribute to the defense of protected areas
represents one of the largest opportunities for conservation in the Neotropics (Zimmerman et al. 2001; Nepstad
et al. 2006; Shepard et al. 2007).
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