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Sustainability of Aché
Hunting in the Mbaracayu
Reserve, Paraguay

KIM HILL AND JONATHAN PADWE

n understanding of native hunting and its mmpact on faunal density is critical
for biodiversity conservation in the neotropics because more forested habitat

is designated as indigenous reserve than all other types of conservation units
combined (Rylands 1991, IUCN 1997 ; DaSilva and Sites 1995; Peres and
© Terborgh 1995). Despite a good deal of information on the overall structure of
native game harvest in the neotropics (Beckerman and Sussenbach 1983; Vickers
1984; Redford and Robinson 1987) lirtle is known about the way that harvest
impacts animal populations through time and space. Some studies have suggested
that hunted areas are depleted of game relative to nonhunted areas (see Hill et al.
1997 for review and discussion), but often these studies are based on census
methods that are problematic. Specifically, many hunting impact studies to date (a)
& fil to distinguish changes in encounter rates due to evasive prey behavior from
k changes in animal density; (b) fail to control for the effects of variables other than

F hunting that also might be associated with differences in animal density; (c) do not
i provide independent measures of human hunting activity in areas assumed to be
:hunted; {d) are based on data collected exclusively on established trails that animals
either avoid or use extensively depending on the amount of human activity in the
g5udy area; (e) are based on repeated transects in the same location, but inappropri-
¥ assume statistical independence of data and extrapolate to unsampled areas.
ive recently developed a procedure to measure the impact of human hunting on
grnal density that eliminates many of these problems (Hill et al. 1997).

evertheless, other problems remain. Most importantly, many human hunting
gudles do not examine the relationship between hunting and animal densities over
B 2dequate spadial scale to draw relevant conservation conclusions about the
RiPact of hunting on the true anit stock of a prey population. The unit stock is the
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80 - Biological Limits to Sustainability

population unit affected by harvesting. Tt consists of a collection of animals that
interbreed, experience a common set of mortality and fertility parameters (frop;
common causes), and show high intraunit migration relative to interunit migrii
tion. Most unit stocks of neotropical game inhabit vastly larger areas than are
examined in most hunting studies; thus the scale of many hunting studies is inapﬁ-
propriate for use in wildlife management. Humans, like all central place foragersiz'
are likely to deplete prey near their residential base. But how that depletion s 3
manifested through space and time, and whether large unhunted prey populations }
are able to replenish depleted areas and maintain population viability, is a key issne }
that has not been adequately addressed.
Seurce-sink (SS) models are designed to examine population dynamics over g .
large spatial scale. SS models consider situations in which large populations are
divided into subpopulations that experience negative and positive growth through 3
time (Pulliam 1988; Pulliam and Danielson 1991). Sink areas experience annual
population loss through mortality and emigration in excess of populaton gains §
through fertility. In source areas this relationship is reversed. Thus, in order fora § ¥1986). In practice!
sink population to be stable, annual immigration from a source must balance the 4 roblemat'ic- Noj
net annual population loss. In theory, SS models can be wsed to determine if 3 Frelationships not |
predator-prey relationships are stable in geographic regions larger than the 3 f the unit stock fr
observed prey catchment basin. However, because density-dependent effects on 3 "
fertlity, mortality, and dispersal are not well studied, $S models currently serve as
more of a theoretical construct than a tool for empirical studies of harvest sustain- 7
ability by predators. This concept is rarely acknowledged explicitly in prior
neotropical hunting studies, but is implicit in some that examine hunted areas and
protected areas together. In this chapter, we show that most hunting by our study
population is performed in a 6-km radius from a permanent village site (the poten-
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tal sink). We assume that the source population boundaries for the prey hunted in i © In this chapte
that zone are located at a point between the study population and other neigh- ' tion in the Mbar;
boring hunting populations that exploit the same prey. This assumption allows us ¥ be used as a guid

to estimate harvest sustainability in a defined area that is biologically relevant.
The implications of game source and sink areas for determining harvest
sustainability have not yet been fully appreciated by conservationists. For example, 7
Robinson and Redford (1994b) reviewed five indices typically used as measures of
game harvest sustainability:
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1. Comparison of densities between harvested and unharvested locatons

2. Change in animal density through time at a single location

3. Comparison of hunting yields in more and less harvested areas

4. Comparison of hunting yields through time

5. Comparison of age structure of prey populations in harvested and unhar-
vested areas
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Only the second and fourth of these points represent valid measures of sustain-
ability when sink and source populations of prey exist. Spatial heterogeneity in
animal density or age structure is expected but does not directly address the
question of sustainability. Likewise, Bodmer (1994) has correctly noted that a
comparison of harvest rate to reproductive rate can be used to estimate whether
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n of animals that e harvests are likely to be sustainable. However, this is only true if the prey popula-
parameters (from 3 tion in a potential source area is included in the production caleulation and if the
interunit migra- Fi prey response to density-dependent effects on life history characteristics is known
er areas than are ' {because fertility and mortality are often density dependent).
1g studies is inap- Biological resource management often has relied on equilibrium population
ral place foragers, models to determine sustainable harvest rates for commercially and recreationally
that depletion is exploited species. Analyses of sustainability in this chapter are based on assuming
| prey populations 1 a surplus production mode! of harvestable biomass where the change in biomass
sility, is a key issue - through time is the difference between net production and harvest, with net
o producton defined by the logistic growth equation. The S8 modeling approach
» dynamics over a ;. P complements this model by specifying the true unit stock. These models in
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combination with measured demographic parameters at different population
densities can be used to define a harvest rate that will not deplete the prey popula-
tion through time, as well as the maximum sustainable harvest rate, and a variety
of other equilibrium harvest parameters under specified harvest effort (Walters
1986). In practice, however, the use of equilibrium management methods has been
problematic. Not infrequently, unforeseen circumstances (i.e., parameters and
relationships not in the model) cause temporary prey depletion that can eliminate
the unit stock from a geographical area or lead to dangerously low populatons
that cannot withstand harvest at the theoretically calculated (and somedmes
legally mandated) rates. The inability of population models to caprure fully all
aspects of population dynamics has led o an alternative viewpoint on manage-
ment. This viewpoint, termed adaptive management, emphasizes the need for
continual monitoring and appropriate adjustments in harvest regulation to accom-

mting by our study pany any steady-state population management policy (e.g., Walters 1986; Chris-
age site (the poten- tensen et al. 1996).
‘the prey hunted in In this chapter, we examine harvest sustainability by the Aché native popula-
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gically relevant.
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tion in the Mbaracayu Reserve based on equilibrium assumptions. The results can
be used as a guideline for guessing whether current harvest rates will be sustain-
able over several years, but should be complemented with monitoring and adap-
tive management to ensure that steady-state harvest models do not result in prey
K. population decline due to factors unforeseen in the models. The current analysis
L’ suggests that Aché hunting does not threaten the population of any important
game species in Mbaracayu. This is oue despite the fact that localized depledon
near the Aché settlement can be shown for some species (Hill et al. 1997). A 5-year

ted locations o . , , o
o monitoring project begun in 1994 will allow us to assess whether projections from

ilc?:reas g equilibrium SS modeling are useful and whether they fully capture the dynamics
' 3 ¢ between Aché predators and their prey in the Mbaracayu Reserve,
irvested and unhar- .
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he 60,000-hectare (ha) Mbaracayu Nature Reserve is the largest tract of undis-
bed forest in eastern Paraguay. The Reserve is located at approximately 55°
€st and 24° south in an area that drains west to the Paraguay river. It is an area
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characterized by gently rolling hills composed of soft sedimentary rock. Soils a3
sandy, heavily leached, and of low fertility. The hills are covered with subtropic,fs
broad-leaf semi-deciduous forest, whereas some low flat valleys are filled with tq]f}
broad-blade grasses. Most of the area is at an elevation of 150 to 300 m. Rainfalj§
totals abour 1800 mm/Ayr on average and is characterized by extreme unpre-§
dictability in monthly pattern from year to year but with 2 statistical dry seagop §

from May to August (Sanchez 1973). Temperature fluctuations mark seasonalj

with average daily low-high temperatures of 14 to 25°C in July and 22 o 34°C 1;: %
January. Temperature extremes are approximately 41°C and —-3°C, with severa]
days of hard frost each year, which often kills the leaves on many exposed trees and 3

shrubs.

The Reserve was purchased by The Nature Conservancy (TNC), in conjunc- §
tion with the Fundacién Moises Bertoni (FMB), a Paraguayan conservation NGO. §
In 1991, the Reserve was granted legal status as a national forest reserve by the 4
Paraguayan congress. It was included on TNC% 1991 list of “last great places on
earth” and is the home of a variety of rare and endangered animal and plant 3§
species. A crude map of vegetation zones was commissioned by the FMB in 1992 §

(figure 5-1).
The Mbaracayu Reserve contains about 90% of the Paraguayan animal and

plant species classified as rare and endangered (FMB 1992) and was chosen as the

top priority conservation site in eastern Paraguay using vegetation analysis (Keel
et al. 1993). The Reserve includes g remarkable diversity of forests, rivers, moun-
tains, caves, grasslands, and wetlands. Indeed, the most striking feature of the
Reserve is its pronounced microregional diversity. Within the 60,000-ha Reserve,
there are areas of mature terrg firme tropical forest, cervado {ranging from campo
suCi0 tO cervada), grassland, palm-dominaced swamps, bamboo (Guadua) forests,
tiparian flood forests, and 2 low drier forest type referred to as kazti by native
Guarani speakers.

Although there are many distinguishable plant communities that form separate
habitats in Mbaracayu (Hili et al, 1997), only the high forest has been systernati-
cally described. This forest type covers approximately 50% of the land surface
surveyed by our research team (Hill et al. 1997). In 1987, a team of four botanists
and ewo Aché assistants led by A. Gentry recorded all plants greater than 2.5 cm
diameter at breast height (dbh) on transects that added up to a total area of 1000
m? in mature high forest of the north east corner of the Mbaracayu Reserve (Keel
1987). The basal area of tree species >10 em dbh is 39 m%/ha in this sample. The
five species with highest species importance values (STV-sum of relative frequency,
relative density, and relative dominance) (Keel et al. 1993) are Sorocea bonplandii,
Campormanesia xanthocarpa, Chrysophyllum gomocarpuns, Myrciaria baporeti, and
Balfourodendron riedelianum.

Common emergents in the high forest include Tabepuia heptaphylia, Astroniunt
SPP-, Aspidosperma polyneuron, Albizziz basleri, Anadenantherg spp., Enterolobium
comtortisiliguum, Peltophorum dubium, Cedrelg fissilis, Patagonula armeyicand, and
Balfourodendron riedefianum. The maturity of the forest is indicated by the high
density (103 specimens in 1000 m’) of lianas >2.5 cm dbh, including many exam-
ples of lianas >10 em dbh. Despite the presence of many valuable timber species
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Figure 5-1. Major vegetation zones in the Mbaracayu Reserve as mapped by the
Fundacién Moises Bertoni (FMB 1992). The location of the Aché research team
{Arroyo Bandera), as well as three small Paraguayan communities {Maria Auxil-
iandra, Tendal, and Guyra Kehja) are shown. Permanent forest guard posts are also
labeled.




84 - Biological Limits to Sustainability

throughout most of the Reserve, some portions of the Reserve were selectivelyd
logged for lapacho (Tabebuiz bepaphylls) and peroba (Aspidosperma polyneuron) i}
the 1970s and 1980, 4
The most important palms in Mbaracayu are Syagrus (Arrecastram) romanzolf)
fiana and Acomia tota; (sclerocarpa), which produce edible fiber, growing shoots,3
fruits, and nuts. We have counted Syagrus palms at a density of approximately’s
0.8/ha in dry forest and about 20/ha ig poorly drained forest using ground trap- §
sects and aerial surveys. Another extremely common species that might have 4
important effects on the high forest animal community is Citrus aurantium, the 3
common orange. ‘This is a species of domestic origin that has spread throughout 4
the forests of eastern Paraguay (Gade 1976) in the 450 Years since it was intrg-
duced to the region by the Jesuits. It is an important food item of Agouts, Cebu, §
and Tayassu as well as numerous birds. g
"The Mbaracayu Reserve is one of the most important endemic bird centers ip i
South America, Over 400 species of birds have been recorded in the Reserve in the 9
past 2 years (Madrofio and Esquivel 1995 and personal communication). ‘The 3
mammalian fauna of eastern Paraguay has been the subject of many inventory 3
studies, but no studies to determine absolute or relative densities of mammals, -3
Myers et al. (1995) have recently summarized available data and report 124 3
mammal species verified in eastery Paraguay. In the Mbaracayu Reserve to date, §
we have listed 99 species of mammals identfied by visiting inventory teams or §
ourselves. Because these data come from several sources, and some idensifications
are based on single sightings, it should be considered provisional. Bats make up 23 J
species on this provisional list, with nonvolant mammals comprising 76 species. A §
provisional list of Mbaracayu mammals excluding marsupials, bats, and small &
rodents (< 500 g bady weight) is shown in table 5-1.

The Aché
The law that created the Mbaracayu Reserve as a legal entity in 1991 states in part:

1n recognition of the prior use of the forest by the Aché indigenous comununity,
these groups will be permitted to continge subsistence hunting and gathering in the
area of the Nature Reserve, as long as they employ traditional methods, and
according to that which is allowed in the adminiserative plan of the reserve. The
participation of the local Aché community in the protection and administration of
the reserve will be encouraged, and they (the Aché) will be offered permanent
employment that comes about as 2 result of the development of scientific studies,

recreation, and tourism, in the reserve and the protected areas around i, (Ley
112/91, Article 13)

For this reason, studies of Ach¢ resource use patterns are critical to conservation
planning for Mbaracayu.

Archeological data suggest that foraging peoples might have inhabited the
forested areas of eastern Paraguay for at least 10,000 years, The Aché were
described by early Jesuir explorers, but historical evidence shows that the Aché
experienced no peaceful contact with outsiders (either Indian or peasant colonists)
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Table 5-1. Provisional List of Mammals Sighted
or Trapped in the Mbaracayu Reserve, 1970-1996

Scentific Name Common Name
Edentates (8 Species)

Tamandna tetradactyla Coallared anteater
Mymecophaga tridactyls Giant anteater

Dasypus novemeinctus Nine-banded armadille
Darypus sepremcincrus Seven-banded armadille
Enphbradus sexcingur Yellow armadillo
Cabbastous tatonay Waked-tailed armadille
Priodontes maxinmus Giane armadillo

Tolypeures spp.
Primates
Cebur apella

Alenarza cavaya

Lagomorphs
Sybrilagus brasiliensic

Large rodents
Sphigguras mpinasas
Coendow paragayensis
Dasyprocea acarae
Agouti paca

Cavia aperea

Hydrochaeris bydrochaeris

Myocaster roypus
Perissodactyls

Tapirus tevrestris
Carnivores
Cerdocyon thous
Dsicyen gynmocerus
Chryrocyon brackyurus
Speatbar vematicus
Galictis cuja

Eira bavbara
Comeparus chinga
Procyen cancriverous
Nasua nasua

Lutra lenpreandis
Preronurs brasfiensis
Fantkers onca

Felis pardales

Felis wirdis

Felis tigrina

Felir yagouaroundi
Felis concolor

Artiodactyls
Tayassu pecari
Tayasru tajacy
Mazama amevicana
Mazama gouazoukira
Mazama rufina

Three-banded armadillo

(2 species)
Brown capuchin monkey

Black howler mankey

(1 species)
Rabbir

(7 species)
Porcupine
Pzraguay porcupine
Agout

Paca

Guinea pig
Capybara

MNurria

{1 species)
Tapir

(17 species)
Crab-eating fox
South American fox
Maned wolf

Bush dog

Grison

Tayra

Hog-nosed skunk
Crab-eating raccoon
Coan

Southem river otter
(Giant otter

Jaguar

Ocelat

Margay

Oncilla

Jaguarundi

Puma

Rt R ey A e e e i

{5 species)
White-lipped peccary
Collared peccary

Red brocket deer

Grey bracket deer
Drwarf red brocket deer

This list does not include marsupials, bats, or radents with body weights of less than 500 g.
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between the Spanish conquest in the 1500s and recent incursions into their terri<3
tory in the 1970s (Hill and Hurtado 1996). Since the 1970s, the Aché have beend
“settled” on government/mission reservations but continue frequent forest treks §
that may last weeks or even months. The population currently consists of abou 3
700 people living in five settlements. Previous anthropological studies of the Aché 3
have focused on a wide variety of econotnic topics (see Hill and Hurtado 1989 for 3

review) and Aché life history patterns (Hill and Hurtado 1996).

During the first half of the twentieth century, the Northern Aché inhabited a9
20,000-km? area of eastern Paraguay centered in the upper Jejui watershed, which
is now the Mbaracayu Reserve. At a population density of only 0.03 person/km? {
the Aché probably had little impact on animal densities prior to their reduction on 3
reservation settlements. During the 1970s, Aché bands were tracked down, %
brought out to passable roads, and transported on missionary or military trucks to
a few reservations, where they were expected to remain (Hill and Hurtado 1996, 4
Chapter 2). Reservations consisted of only a few thousand hectares, and despite §

the fact that outsiders began teaching the Aché to farm, most individuals reentered
the forest frequently on long foraging treks because reservation resources were

inadequate to feed the population. The last of the uncontacted Aché bands took 3

refuge in the northern section of the Mbaracayu Reserve until 1978, when they
too were contacted and transported to a nearby reservation.

Ar this writing, two Aché reservations totaling about 500 individuals are within
walking distance of the Mbaracayu Reserve, and the Aché have begun to recognize
the long-term impact of their economic activities on the natural resources of the
shrinking forested areas near their reservations. The Aché economy is tradition-
ally centered around hunting mammalian game with bow and arrow, extracting
wild honey, and exploiting palm starch and insect larvae. Numerous fruits are also
exploited seasonally, but they constitute only a small fraction of the energy in the
yearly diet (Hill et al. 1984). The current reservation economy also includes
swidden agriculture (mainly manioc and maize) and some domestic animals
(chickens and pigs), which have been introduced in the past 15 years. Younger
Aché also have become increasingly involved in seasonal wage labor at nearby
farms.

Hunting in the Mbaracayu Reserve

Both Aché and non-Aché hunters hunt in some sections of the Mbaracayu
Reserve. The Mbaracayn administration has placed two guards at each of five
guard stations around the periphery of the Reserve to control the entry of non-
Aché hunters, and the road that bisects the Reserve is blocked by a locked gate at
both ends. A three-person team of roving guards monitors illegal activity
throughout the Reserve. Although park guards have been effective at eliminating
large-scale disturbance (illegal timber extraction and establishment of swiddens),
within the Reserve they have not been able to eliminate poaching by non-Aché
hunters. Because we have no reliable data on poaching, we will examine only Aché
hunting practices in this chapter. However, we do assume that regions hunted by
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Aché Hunting in the Mbaracayu Reserve 87

[ paraguayans are probably sinks for some prey species and take this into account
¥ when calculating the source area for Aché prey.

The non-Aché hunters include Paraguayan and Brazilian frontiersmen—peas-

ants as well as Guarani horticultural Indians. Guarani Indians have lived in the
[’ Mboi Jagua reservation about 7 km from the western border of the Reserve for
. about 30 years (and in nearby traditional villages before that) and rarely hunt

:n the Reserve. When they do, they usually carry only a machete and target
armadillos {Dasypes) or tegu lizards (Tupinambis). Most Paraguayan and Brazilian

easants are recent arrivals to the Mbaracayu area. The Maria Auxiliadora settle-
ment along the northern section of the western border of the Reserve has only
existed for about 3 years and consists of about 80 families who are close enough to
hunt in the Reserve. Recent survey data (P. Garfer, personal communication)
suggest that only 2 small fracdon of this peasant population hunts, and that
number has diminished over time. However, a new settlement, Guyra Kejha, has
just been established near the southeastern corner of the Reserve, and preliminary
data from 1996 suggest extensive peasant hunting in that area. Peasants usually
engage in night tree stand hunung with shotguns. They target tapir, deer, paca,
and agout under fruiting trees, at mud licks, or in areas that have been baited with
corn. Occasionally, peasants engage in diurnal hunting in the Reserve using dogs,
and they primarily target both species of peccary, armadillos, and the three species
of large cracid birds found in the Reserve.

The Aché have been hunting in the Mbaracayu area for at least a century, and
they began intensively hunting the northwestern portion of the Reserve when the
Arroyo Bandera reservation was established near that area around 1980. Aché
from the more distant Chupa Pou reservation occasionally hunt in the south-
western portion of the Reserve. The Aché hunt with bows and arrows or by hand
during day hunts that originate from their reservation. They also go on extended
rreks inside the Reserve that generally last 3 to 5 days but can sometimes last much

longer.

METHODS

Aché Game Harvest Patterns

Harvest rates for individual game species were determined from two data sets
covering a span of 15 years. From 1980 to 1985, one of us (K.H.) recorded the
species and weights of all game killed each day by Aché hunters on treks in the
forest during trips in which we accompanied the Aché (see Hawkes et al. 1982 for
denails). This sample, taken from three field sessions, was not randomly distrib-
uted through the year, but does cover most months of the yearly cycle. It consists
of 185 observation days in the forest, which comprised 2087 man hunting days.
From August 1994 to the present, another of us (F].) has recorded all animals
killed by members of the Arroyo Bandera reservation and (since August 1995) all
man days spent hunting in the forest regardless of success. Because the observer
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(EJ.) Lives full time at the Arroyo Bandera reservation, and all houses are within§
view, with sharing of game widespread, it is unlikely that a significant number of 3
harvested animals were unrecorded. The data from August 1994 through 1
December 1996 cover 869 observation days. The community consisted of ap ;
average of 90 individuals, 28 of whom were potential hunters {men at least 17
years old) and 83 of whom were consumers (> 3 years old}. To convert number of
animals harvested of each species into hiomass, we have used mean weights from ]

our own observations or those reported by Redford and Eisenberg (1992).

Animal Densities

Game densities were estimated using a stratified sample of diurnal line transects
through the Mbaracayu Reserve. Details of the field method have been reported
elsewhere (Hill et al. 1997). Line transect methods are the most widely used tech-
nique to census large neotropical mammals and birds (Cant 1977; Glanz 1982,
Emmons 1984; Robinson and Redford 1986b; Bodmer et al. 1988a; Peres 1990,
Glanz 1991; Silva and Strahl 1991; Bodmer et al. 1994). Properly collected tran-
sect data used in conjunction with widely available analytical software can provide
robust estimates of average density in an appropriately sampled area if all targets
on the line are detected (Buckland et al. 1993; Laake et al. 1993).

In our study, line transect starting points were drawn without replacement
from the set of all locations along the dirt road running east-west and bisecting the
Reserve. About 10% of transect sample days commenced off the road, after
camping overnight in the forest. Absolute locations during the study were deter-
mined using a Trimble Pathfinder Pro Global Posidoning System (GPS) receiver,
whereas relatve distance along a transect was measured using a string box.

Transects were initially walked by a team of five native assistants and a data
recorder. After the first year, native assistants recorded all data without outside
help. Observers walked in parallel along a central transect line. The four natve
assistants spaced themselves at approximately 25 and 50 m on either side and
perpendicular to the center line, and one walked directly on the center line about
5 m ahead of the data recorder. Each assistant carried a VHEF radio to communi-
cate with the data recorder. Fach transect began at the specified GPS location and
proceeded toward a specified compass bearing throughout the day. No transects
were performed on trails, but instead the team walked through whatever vegeta-
tion was encountered.

After receiving a radio signal from the data recorder, each native observer
began walking along the center wansect line or parallel to it. Team members
walked at 2 rate of about 1 km/hr. Native assistants were allowed to veer a few
meters each side of the transect to verify that burrows they encountered were
indeed occupied. When the data recorder reached 200 m (as measured on the
string box), he instrueted the field assistants to stop and report encounter data for
that 200-m unit. Observers, in sequence, reported over the radio all encounters
during the previous 200 m with all species (including humans) and the encounter
type (defined below). The data recorder took an averaged GPS reading every 600
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¥ t0 800 m along the transect in order to estimate the absolute location of the tran-

mber of § ¥ sect within the study area for later analyses. Location between GPS readings was
through ¥ estmated by interpolation using string box measurements. The locations of tran-
d of an ¥ sects from June 1994 to June 1996 are shown in figure 5-2.
«east 17 £ Nadve Aché research assistants were trained for 1 week prior to beginning dara
mber of ¥ collection and went through periodic retraining and distance verification sessions.
ts from All had extensive experience hunting in the area and were born inside the study
area. They practiced radio use, learned basic concepts of mapping, compass, and
GPS use, and practiced distance measurement and verification using a range-
finder, metal tape, and string box. Assistants were familiar with the western
numbering system but could not read or write. Their ability to estimate distance
nsects in the forest was good. Verification of reported distances to specified points in the
ported forest shows a regression coefficient between actual and estimated distance of 0.84
[ tech- {# = 113 trials between 3 and 80 m actual distance, r = 0.94). Thus, Aché distance
1982; estimates were on average about 84% of the aue distance and did not show much
1990, deviation from the actual distance. However, Aché assistants generally reported
! tran- distance to the nearest animal of a social group rather than to its center. This
rovide means that absolute density estimates of animals that live in dispersed groups will
argets be too high if the data are taken at face value (but this error can be corrected if the
mean diameter of social groups is known).
‘ment Aché men insisted on working in teams to avoid forest dangers. Therefore, the
1g the method that we use generates a great deal of data per field day. However, walking
after simultaneous parallel transects through uncut vegetation with radio communica-
leter- tion every 200 m is undoubtedly noisier than the standard method of a single
eiver, observer walking on a cleared trail and noting encounters silently. We believe that
this is not a serious problem, but empirical verificadon would be useful, by doing
data single observer transects on cut trails in the same area. Native observers are quite
‘tside skilled and might detect many animals that would not be detected by observers
ative who have not lived their whole lives in the forest. Aché observers insisted that
and most target species do not flee unt] they have direct confirmation of a predator

where the costs of unnecessary flight are high. Thus, we assume that noises of
walking through vegetation did not spook most target species until they were near
enough that they could be detected (by an Aché) when fleeing the area. The Aché
concurred with this conclusion based on reading animal tracks, which suggested
i that few animals fled completely underected just before observers arrived. Aché
rver g ' assistants also report that quiet radio conversation does not spook most target

%

%

i

hout é visually or by smell. Such a response should be common in many prey species

ers species. In any case, radio conversaton was not audible to us at distances greater
few than 15 m, and communicadons took place only once every 15 minutes on
ere average. Thus, we provisionally conclude that although there might be problems
with the noise made by our transect team, these are outweighed by the multiple
disadvantages of typical line transect studies that use observers who have not
grown up in the survey area walking repeatedly on a few trails that are not
randomly placed in the study area (see Hill et al. 1997 for discussion).

Encounters were recorded for all mammal, bird, and reptile species that are
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different transects were performed inside the Reserve a
Bandera and Chupa Pou {not shown) reservations. Most transects began from the
road (dashed line) bisecting the Reserve east—west. The northwest comer was

sampled frequently in order to monitor the extent of poaching by peasants in that
zone,
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_' larger than 0.5 kg mean body weight. Two types of encounters were recorded:
% (2) animal seen, heard, or found in burrow; and (b) fresh signs of the animal or

fresh feces encountered. All encounters of the first type are lumped together for
analyses into a category that we refer to as direct encounters. When muluaple
observers detected the same animal, only the observation of the closest observer
was used for analyses. We generally required observers to confirm the presence of
an animal in an occupied burrow by flushing it, or by introducing a long vine and
getting the animal to move inside. In a few cases, Aché assistants insisted that there
was an animal inside {(by certain signs, smell, etc.), even when they could not get
direct confirmation, and we recorded those burrows as occupied.

Encounters of the second type are aggregated for analyses into a category that
we term sndirect encounters. These signs included tracks, feeding disturbance, terri-
torial markers, beds and nests, urine, scent, body excretons, etc. that were judged
to be less than 24 hours old. Indirect encounter patterns have been reported else-
where (Hill et al. 1997) and are not analyzed here.

To estimate effective strip width of our line transects, and the densities of
target animal species, we analyzed cur data using the DISTANCE statistical
package (Laake et al. 1993). This package uses a variety of transforms to estimate
the shape of the detection probability function with perpendicular distance from
the transect line. Detection probability is assumed to be 100% for target species
located on the transect line. The integral of the best fit detection function is the
estimated strip width for a species. In order to obtain a good fit for the detecdon
functon, our encounter distance data were truncated so that 5% of the observa-
tions at greatest detecton distance were eliminated from the sample. Additional
truncation was introduced by our field methods in which parallel transects were
performed simultaneously.

Because many prey species are detected at distances greater than half the mean
distance between our transect observers (12.5 m)}, multiple observers often
detected the same animal. For these species, each observer’s transect width was
truncated at the mid-point between observers, and only the encounter with the
closest observer was recorded. Because D. novemscinctus and 4. pace were encoun-
tered in their burrows and almost never encountered at a distance of greater than
12.5 m from the wansect line, the effective strip width for those species was est-
mated directly from the encounter frequency distribution as described above. For
all other species, the effective strip width was esumated from a detection
frequency distribution that was generally truncated at 12.5 m for observers not on
the outside of the transect formation.

The DISTANCE program produces confidence intervals by assessing strip
width and encounter variance between transects. Because our field team walked in
parallel and synchronously, we aggregated the data from all five men on each day
into a single transect. This led to a sample of 126 independent transects covering
2054.85 person-km. Some transects were removed from the sample for certain
species when encounters with those species were reported without a perpendicular
distance estimate (this happened early in the study for some species).

For social groups, the encounter rate with groups must be multiplied by the
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mean group size to estimate accurately the density of individuals. No data exisi’s
on group size for social animals in the Mbaracayu Reserve, and our attempts tg 3
census groups met with limited success because prey flee or adopt evasive tactics §
when humans are detected. Nevertheless, Aché forest knowledge and convers,. E
tions with researchers at a nearby site in Yguazn Park, Argentna, and Brazil §
provided us with the following rough estimates of mean group size: Cebus, n = 18; 3
Nasua, n = 8; Tayassu pecari, n - 80; 7. tajacu, n = 1.5, Unfortunately, we have ng 3

mated for group encounter rates and then multiplied by group size to produce 3 ¢
rough estimate of the confidence interval for density of individual animals, j
Encounters with other species reported in this chapter are assumed to be with A
individual animals, so confidence intervals and densities can be estimated directly, 3

Size of Hypothesized Sinks and Sources

The hunting zone that we hypothesize as the Aché sink is used by both Aché and
Paraguayan hunters. The catchment area of hundng for the Arroyo Banders
reservation is considered to be 2 semicircular area 6 km in radius from the point at
which the Aché enter the Reserve (figure 5-3). There s only one trail from the
Arroyo Bandera village to the Reserve, with the border of the Reserve about 2.5
km from the village. Because women and children rarely walk more than 2 km per
day off trails in the forest, and men do not participate in multi-day hunts without
women and children, very few Ach¢ hunts ever take place more than about 6 kg
inside the Reserve. We estimare this core hunting area to be about 56.5 km?. Data
Support our impression of the location of the core Aché hunting zone. The
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area also overlaps with the Marig Auxiliadora peasant hunting zone; encounter
rates with signs of Paraguayan hunters were ten tmes higher in this zone than
elsewhere in the Reserve,

Figure §.
Aché sink
frequentls
by peasan
peasant p-
wide. Th
quarter o;
is approximately $13.5 km?. However, some of this area must serve as the source extends 1<
for the eastern hunting zone if poachers continue to operate in that area. We thus

eliminate the entire southeastern quarter of the Reserve as a potential source for
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Figure 5-3. Areas defined in this study as potential hunting sinks and sources. The
Aché sink begins where the Aché village trail (dashed Jine) enters the Reserve. The
frequently hunted zone is a half circle of radius 6 km from that point. Most hunting
by peasants from Maria Auxiliadora takes place in the same sink. The Guyra Kejha
peasant population hunts in the eastern sink, which is about 10 km long and 3 km
wide. The two potential source areas for the hunting sinks are the southeastern
quarter of the Reserve and the remainder of the Reserve, The eastern source also
extends to a large forested block outside the southern boundary of the Reserve.
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prey species that immigrate into the Aché sink, leaving abour 393.5 km? as the
potential source area for species depleted in the Aché sink. The aStern source areg 4§
includes 120 km? inside the Reserve and another 100 to 200 km? of forest outside §
the southern boundary of the Reserve. These estimates are admittedly crude byt }
will have to suffice until beger data are available, 2

RESULTS

Aché Game Harvest Patterns

The list of all vertebrates killed during satnple periods between 1980 and 1995 is
shown in table 5-2 in descending order of biomass, Nine species of vertebrates
contribute about 95% of the meat in the Aché dier by weight {table 5-3). Less thap
2% of the biomass in table §-2 was taken using a shotgun; the remainder was killed
with bow and arrow or by hand. Similarly, litde of the game was taken with the uge
of dogs. The list of prey species in table 5-2 can be compared with the list of 3]|
mammals in Mbaracayu (rable 3-1) to get an idea of Aché prey selectivity for

tance of T tervestris is due to the introduction of metal-tipped arrows in the early
1990s.

Importance of Aché Hunting

The economic importance of Aché hunting is clear from table 5-2. From 1994
through 1996, Arroyo Bandera Aché obtained a mean of 12.5 kg of live game per
day, which would yield about 10 kg of edible mear. This is 122 g of meat per
consumer day. At local market prices it would require ahout $25 per day to
purchase this amount of beef, well zbove the combined mean daily income for the
entire Arroyo Bandera population. Thus, wild game could not currently be
replaced by domestic meat, even if all available income were spent only on meat
purchases.

¥ Are chlovopters
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Aché Hunting in the Mbaracayu Reserve

. .{_ §-2. Vertebrates Harvested by Aché Hunters
et g Sample Periods from 1980 to 1996

95

(in Rank Order of Biomass)

Al

Total

Number  Mean  Totalkg  Animals Biomass
. tific Name Common Namnze Killed  Weightt  Killed (%) (%)
ROVERECICTHS Nine-banded armadilla 1500 3B 57504 428 5.2
7 pacd Paca %0 6.7 2630.1 11.1 16.1
Couer apedia Brown capuchin monkey 889 23 2032.8 25.4 12.5
R pirtls terrestris Tapir 9 1770 1593.0 03 9.8
S Tayassn pects White-lipped peccary 55 24.9 1370.8 1.6 8.4
FNasua nasia Coaa 261 3.5 02.6 7.5 5.5
PNzt spp. Brocket deer 27 258 696.6 0.8 43
3 YELTTE L RCT Collared peceary 27 16.3 440.6 0.8 2.7
] “Tupinamebis teguivin Tegu lizard 77 23 178.8 2.2 1.1
Cabassous mﬁ}“ Naked-tailed armadillo 23 5.4 129.6 0.7 0.8
Dasyprocia azarae Agoud 24 2.7 70.2 0.7 0.4
L Tamandua setradactyla Coallared anteater 11 5.0 55.0 0.3 0.3
Eupbractus sexcitserus Yellow armadillo 10 540 50.0 D3 0.3
F Hydrochacris bydrochasris  Capybara 1 45.0 430 0.0 0.3
R Exmectes murinur Anaconda 1 40.0 40.0 0.0 .2
¥ Penelope superciliaris Rusty-margined guan 44 0.8 KL 1.3 0.2
b Cairman lativostris Caiman 7 5.0 35.0 02 0.2
E Botbrops spp. Bushmaster snake 33 1.0 33.0 0.9 0.2
B Myrmecophaga tridactyla Giane anteater 1 30.5 jos 0.0 0.2
. Unidencified birds Birds 43 0.7 30.1 12 02
- Alouartta caraya Black howler monkey 5 5.8 29.0 0.1 0.2
" Speothos venaticus Bush dog 4 3.5 220 0.1 0.1
- Coragyps arratus Black vulture 1 2.0 22.0 0.3 0.1
oz constrictor Boa constrictor 1 15.0 150 0.0 .1
Pamthera onca Jaguar 1 15.0 15.0 0.0 0.1
Eira barbara Tayra 3 40 12.0 0.1 0.1
Sarcorimmpbus papa King vulture 3 30 9.0 0.1 0.1
Tinammus solfvarius Solitary tinamou 8 1.0 8.0 0.2 0.0
Odamtopborus capueirg Wood-quail 8 LD 8.0 Q.2 0.0
Crypturedius obsoletus Tinamou 5 1.0 5.0 0.1 0.0
Ramphastos discolorus Red-breasted toucan 3 1.0 3.0 0.1 0.0
Felis tigring Oncilla 1 212 2.2 .0 0.0
Catharter aura Turkey vulture 1 20 20 0.0 0.0
Crax fasciolara Bare-faced currasow 1 2.0 2.0 0.0 0.0
Swlvilagus brasiliensis Rabbit 2 0.9 1.8 0.1 0.0
Dasypus septemeinctus Seven-banded armadillo 1 1.6 1.4 0.0 0.0
) Didelphir spp. Opossum 1 1.5 1.5 0.0 0.0
- Ceochelome spp. Tortoise i 10 1.0 0.0 0.0
s Aracbloroptera Scarlet macaw 1 Lo 1o 0.0 o
Pipile yakntinga Black-fronted piping guan 1 1.0 1.0 0.0 0.0
Celuramys lanatns Western wooly opossum 3 0.3 14 a1 0.0
Rampbastor toks Toco toucan 1 a7 0.7 0.0 .0
Unidentified Muridae Mice 1 0.3 0.3 0.0 0.0
Sum 3503 16,3140 1000  100.0

*Mean weighe (in kg) is taken from a sample of Aché prey, or Eisenber,
years when only a small number of individuals was recorded.

g and Redford (1994} in order to standardize weights
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Table 5-3. Vertebrates That Contributed More Than 1% of the Biomass
R Harvested by Aché Hunters from 1980 to 1996

FProportion of All Vertebrate Bivmags Harvesteds

1981- 1994- 1995~ Al

DBmportanr Species Common Narme 1980 1985 1995 1986 Feary

Dasypuis novemcinng Nine-banded armadille D.135 0.239 0431 0.439 0.352 ‘%
Agoutt paca Paca 0.108 0.130 0.182 0.183 0.161 3§
Cebus apelia Capuchin monkey 0.207 0.206 0.095 D.064 0.125

Tapirus tervestris Tapir 0.000 0.000 0.123 0.181 0.098
Tayassz pecart White-lipped peccary 0.228 0.156 {039 0.020 0.084

Narug nasua Coati 0151 0.065 0.043 0.021 0.055 .}
Mazama spp. Bracker deer 0.106 0.081 0.018 04016 0.043 g
Tayassw tajacn Collared peccary 0.022 0.036 0.023 0.013 0.027 4
Tupinambis teguixin -~ Tegu lizard 0.000 0.012 0019 0.006 0011 -
Sum 0.959 0.944 0.973 0.944 0.956 3

——

*Sample sizes are [980, 2191 kg 1981-19B5, 3513 kg, 1994-1995, 4301 ki, 1995-1996, 4096 kg.

Second, the Aché food-sharing system depends heavily on redistribution of *.
wild game (Kaplan et al. 1984; Kaplan and Hill 1985). Domestic animals do not
carry the same sharing obligations as wild game, and Aché leaders recognize that
food sharing is central to the Aché way of life. It is a practice that distinguishes
them from their ethnic neighbors. Aché society is economically very communal,
and a certain egalitarian ethic that is associated with equal shares of wild game
permeates all social interaction. Aché often characterize their own people as
“those who really share,” and there is a strong sentiment to retain that character.
There is a good deal of concern that the loss of food sharing would lead o
economic stratification, something that most Aché wish to avoid.

Finally, the Aché recognize the need for hunting as a social and psychological
outlet. Several leaders recently commented while justifying the maintenance of a
tribal forest reserve that a major purpose of continued hunting in the future will
be to “allow depressed and stressed individuals to escape the pressures and worries
of the modern world” and relax in 2 life-style that is comfortable and enjoyable to
them (figure 5-4), to seek an environment where they can feel equal to or better
than the outsiders who constantly impose their superiority on the Aché. After
several days in the forest, most Aché adults return with newly invigorated self-
esteem, more relaxed and ready to face the difficulties of adjusting to a new world.
Thus, Aché hunting sometimes serves the same purpose as weekend outings and
vacations do for Americans. This might ultimately be critical to the long-term
psychological health of the population.

Figure 5-<
courtesy of |

¥ unreliable b

. .. i thus we are
Animal Densities significance
Densities in hunted and unhunted zones of the eight important hunted ¥ Achésettler
mammal species in order of annual biomass harvest are shown in table 5-4. (The i { (Hill etal. 1
density of 7. teguixin is not estimated because this species is detectable only during g americana, :
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Figure 5-4. Evening meal with nine-banded armadillo {Dasypus novemcinetus). Photo
courresy of Kent H. Redford.

unreliable because this species was encountered only three times in our sample,
thus we are unable to obtain 2 good estimate of estimated strip width for it. The
significance of the association between encounter rates and distance from the
Aché settlement has been analyzed, and the results have been presented elsewhere
{Hill et al. 1997). These data showed that encounter rates with . wovemcinctus, M.
americana, and T rervestrds increase significantly with distance from the Aché
village after other variables are controlled. Encounter rates with €. ape/la might
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Table 5-4. Density of Major Game Animals in the Mbaracayu Reserve and
Comparison with Other Neotropical Sites

4

Toral Mean Effective Sevip Totad Transet  Enconnmter Rarig
Species Encounters Group Size Width () Distance (ko) Indirect/Direcrs § ratio ¢
D. novemcinctus 205 I 3.4 1496.100 19.7 is pres|
C. apella 102 1B 182 2054.850 1.4 !
A, poca 40 1 33 1874.850 278 k.
T. pecari 3 80 200.0 2054.850 12.0 Y arvest Ra
N. narua 15 ¥ 13.3 2054.850 4.2
M. americana 91 1 13.0 2030.850 24.2 ata on har
T tervestris 33 1 16.1 2030.850 438 . sial so
T tajaca 14 1.5 104 2054.850 718 {V A I ent b
Mbaracayu Other Neotropical Sites Bble given 1
Density  Demsity  Mean  Minimum  Maxinun 3 bOnSUImer, o
Densizy Urbunted  Hunted Densizy Density Density 3 Pwith other ¢
Species Al Zonest Zones” Zones  (No/km)  (No./kmi¥ (No./brm? i 3 1996 harves|
’ - 2
D. novemssinctus 19.9(15,7-25.0) 23.35 12.03 21.90 12.00 2500 Pt ke, TH
€. apella 24.5{15,3-39.3) 3456 1116 12.40 Aché is calcy
A paca 322.24.8) 587 3.88 27.50 27.50 5000 & Aché arn
T. pecari 0.3 (0.10.8) 170 1.00 4.90 1.40 8.13 'e . Ad
N. nasua 22 (1.2-4.2) 230 312 15.10 £.00 22.00 JETTESLTES.
M. amertcana £7(1.3-2.3) 1.72 1.20 10.50 1.00 1.30 i neotl'opmal
T tervestris 0.5(0.3-0.9) .60 0.54 150 0.40 1.60 1), novemcin
T taj 5 {0.2-1.2 .69 0.36 1.4} 33 . o
tajacy 0.5 } l 5 14.50 Tqm sped
The ratio of all encaunters with fresh signs of a species divided by all direct encounters with the species. Fapes, and it
EDrensity measures are given in animals per kan?; 9% confidence inrervals are shown in parentheses. ,,ge *
“Mean neotropical density fram various sites (fram Robinson and Redford 1989, table 2.} E neotrOPICﬂlj
“Range of best estimaes of neotropical densities (from Townsend 1995, mble 7-1). ;;whercas pec
¥ sites. The |
also increase with distance from the Aché village, but the trend was not statistically ¢ phenomeng
significant. Other prey species show no significant trends in encounter rate with B location ang
distance from the Aché village. . determine t
The comparison with Mbaracayu density data from other studies suggests that ¢ in this cents

M. americana, T. tervestris, D. novemcinctus, and perhaps 7. pecari all show densites
within the range of other reliably measured neotropical sites. A. paca, N. nasua, and
1 tajacu are rare in Mbaracayu relative to other sites, whereas . apella is abundant.
Although some of these conclusions might be affected by our group size estimates,
the low density of 4. pacs must be 2 real feature of Mbaracayu. The sample size of
encounters is high enough to eliminate sample error as a cause of the low estimate,
and because most A. pace were censused in their burrow, many of the potential
problems of censusing mobile and wary prey do not apply. Aché informants state
that A. paca is usually found only within about 100 m of surface water in Mbara-
cayu. Our data lend support to that view (Hill et al. 1997). Thus, much of the
Mbaracayu Reserve might be unsuitable habirat for A. paca, leading to low average
densities. The low density of T tajacu is not so easily explained. The estimate we
obtained is about sevenfold lower than the minimum reliable estimate from the
neotropics reported by Townsend (1995). We suspect that this is pardally due to
the fact that T. tajecu are exceptionally wary in Mbaracayu and not accurately
censused by diurnal transects. This can be studied further by analyzing indirect
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P encounters with the species. The number of fresh indirect encounters (tracks, feces,
“etc.) with T tajacu was more than 70 times the number of direct encounters. Other
F-ungulates of similar body size such as M. americana or T. pecari showed a much
¥ lower ratio of indirect to direct encounters (table 5-4), suggesting that although T,
& rajacy is present, the species is difficult to observe using our transect methods.

t
k & Harvest Rate and Sustainability
' ¥ Data on harvest rates, prey densities, and size of the Aché catchment basin and
3 potential source areas for depleted prey species allow us to assess whether the
_— catchment basin really is a sink, and whether the harvest rate is likely to be sustain-
- ¥ able given the prey population in the source area. Data on harvest rates per
P - ¥ consumer, or per km?, also allow us to compare the specifics of the Aché economy
density k"~ with other areas of the neotropics. In table 5-5, we present data on the 1994 to
i 1996 harvest rate of each of the eight important game species, per consumer and
25,00 per km’. The mean annual number of animals harvested by the Arroyo Bandera-
<0.00 Aché is calculated from the total 1994 to 1996 huntng data. These data show that
813 the Aché are typical in their dependence on C. apelia, A. paca, N. nasua, and T.
22,00 tervestris. Annual harvest rates per consumer are close to the mean of other
1.30 neotropical studies for those prey species. The Aché harvest rate per consumer of
d.'?g D. novemcinctus is the highest ever reported thus far. Per consumer harvest rates of
Tizyassu species and M. americana are considerably lower than the neotropical aver-
ages, and in the case of T pecari, the lowest rates in the literature review of
neotropical hunters. Thus, the Aché are exceptionally dependent on armadillos,
whereas peccaries are considerably less important than in most other neotropical
sites. The lack of importance of white-lipped peccaries, however, is a recent
cally phenomenon (table 5-3) and might be due to multi-annual fluctuations in peccary
with location and abundance. From the prevalence of traditional Aché names, we can
determine that collared peccaries have never been important in the Aché economy
that in this century.
ities The annual harvest per km? in the Aché sink area is also presented in table

and 5-5. We assume that 95% of all animals are killed in the Aché sink (56.5 km?). The

ant. i 3 total biomass from these eight species harvested was 75 kg/km?. Because these
ies, | 3 species represent 95% of the total game biomass, we can estimate that the Aché
cof S harvest about 75 kg of vertebrates per km’ in their primary hunting zone.
ate, 4 1 : Comparison with other sources again suggests that the Aché harvest a high
tial K number of D. novemcinctas per km?, and a low number of Tayassu species per km?.
tate i : It is interesting that the Aché harvest of 4. paca is higher than that in the other
ira- j reported neotropical sites despite the fact that we measured 4. paca at a density
the i about eightfold lower than the neotropical average. Dietary dependence on A. paca
age {4 (number killed per consumer year) is also higher than average among the Aché.
we Our observations from having hunted with a half dozen other neotropical native
the ki | groups is that the Aché are exceptionally skilled ar killing A. paca and use a tech-
" to 1 nique (Hill and Hawkes 1983) to extract animals from their burrow that we have

never observed elsewhere.

ely
' Table 5-6 shows the estimated number of prey for each species in the Aché
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Table 5-5. Annual Harvest of Game by Aché Hunters in the Mbaracayu Reserve :
and Comparison to Other Sites -

' Anhe 50|
ab Ve aboul
N Il thl‘lct

Anmual Harvest Annual Number Biomars Harped s
per Consumer Kitled per kem? per bam?

Annual Indigenous  Neotropical Neotropical - cml pict
Species Harvest  Aché Mean® Range’ Aché Range  Ach®  Pirgd 1 (< 4%)
D. novemtcincts 507 6.18 0.79 0.030-4.12 8.52 4.49 32.65 F:Nhethé
C. apelia 183 2.23 2.51 0.003-8.63 3.07 7.03
A. pa 125 1.52 0.92 0.009-4.39 2.10 1.12 14.16 bt we can|
T pecari 7 0.09 0.92 ¢.166-4.70 0.12 0.30-148 293 ;-x. me thatt
N. nasma 49 060 059 0005-275 082 270 2.85 3 EReserve. Be
M. ameericana 5 .06 0.18 0.016-1.49 0.08 0.13-0.29 217 6,10 ink th{
T tervertris 4 .05 0.05 0.00%-0.12 0.07 0.08-0.09 11.89 14.10 -
T. tajacy 5 0.06 0.65 0.013-3.77 0.08 027-219 137 2020 that 131'011":’ﬂ
“From Redfard and Robinson (1987, table 4.6. i vml.ablc CH
*In the Aché sink area only, assuming $5% of all kills 2re made in thar area. Robinson 2

“From Townsend (1995}, rble 5-2, and Badmer (1994}, p. 126.
From Alvard (1993), table 6-2.
“Nasua taken from both native and colonist data.

reproductm
hkely maxit
6 shows ﬂf

hunting zone, the potential source area for the Aché hunting zone, and the whole § - edel'd es;
Mbaracayu Reserve. We also calculated the annual harvest as a proportion of the §
estimated prey population in the Aché hunting zane, as a percentage of the prey
population in the Aché hunting zone and the source area of the Reserve, and as a
percentage of the total prey population estimated for the Mbaracayu Reserve. The
size of prey populations in the Aché hunting zone (sink) and source areas, as well
as the whole Mbaracayu Reserve, are calculated by mulaplying those areas
(defined above) by the animal densities in the hunted and unhunted zones (table
5-3). The data support the hypothesis that the Aché hunting zone is a sink for at
least some species. D. noverncinctas, C. apella, A. paca, N. nasua, and T. terrestris are
all harvested at a rate of more than 25% of the Aché hunting zone population per
year, a rate that is unlikely to be sustainable. The annual harvest rate for other

Table 5-6. Annual Harvest as a Percentage of Animals Estimated to Be in Hunted
Areas, Source Areas, and the Mbaracayu Reserve

DISCUS.

Total Animals Proportion Harvested 1994-1996
Estionated | :

Proportion 4 The data
Acké Aché Mbaracayu Aché Aché Mbaracayu SmmaHB | species sug
Species Stnk Source Reserve Sink 5-5 Reserve Harvest? * sufficient §
D. moverncincur 680 9187 13,030 0.745 0.051 0.039 0.396 of that ha
C. apelia 631 13,598 18,711 0.290 0.013 0.010 0.024 sustainabil

A. paca 219 2310 3350 0.570 0.04¢ 0.037 0.079 T
T. pecari 57 669 959 0.124 0.010 0.007 0.280 ownsend
N, narua 176 906 1453 0.278 0.045 0.034 minimum
M. americana 68 677 987 0.074 0.007 0,005 0.107 the specie:
T. tervestris 31 236 3355 0.131 0.015 BAal1l 0.031 that comr
T, tajacu 21 272 387 0.244 0.017 0.013 0.340 :
- . , sustainabls
*Aché source and sink areas combined. i
bCalculared from Robinson and Redford (1991), tables 27.1 and 27.2, as described in rext. mMore mea
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sPeclES is 7% to 13% of the estmated population in the Aché hunting zone.

leserve
However, when the annual harvest is divided by both the Aché sink population and
. Hmm.ﬁ the Aché source population for each prey species, no species shows a harvest rate
rerkm? & above about 5%. Calculation of the Aché harvest rate for each species as a propor-
— - tion of the total number of prey estimated in the whole Reserve provides the same
Pird 3 ” gencral picture, namely that all species are harvested at very low annual percent-
—_ " ages (<4 %) of the standing population.
3 Whether or not Aché harvest rates are sustainable is a complicated question,
" but we can begin to answer it by making a few simple assumptions. First, we
~ assume that the source area really does provide immigrants to the sink areas in the
6.10 Reserve. Because we can estimate the proporton of all prey in both the source
14.10 and sink that is harvested annually, we need only determine whether a harvest of
20.20 that proportion of the population will be sustainable over the long run. The best
T available estimates of harvest sustainability for neotropical mammals come from
Robinson and Redford {1991b). Those investigators used estimated maximum
reproduction rates with mean densities and life span information to determine a
likely maximum sustainable harvest rate for 2 number of mammal species. Table 5-
. 6 shows the percentage of the standing prey population that Robinson and
whale i Redford estimate can be harvested annually for each species without depleting the
~of the ~ population through time. The sustainable harvest percentage is calculated by
'€ prey dividing the number of individuals that can be harvested per km* (Robinson and
ndasa Redford 1991b, Table 27.2) by the mean density estimate of individuals per unit
e. The area (Robinson and Redford 1991b, Table 27.1) imes 60% nonharvested density.
2s well The Aché data show that no species is harvested at a rate that exceeds the calcu-
| areas lated maximum sustainable harvest percentage.
(table The sustainability of Aché harvest patterns through time also can be assessed
: flor at with longitudinal harvest data. Figure 5-5 shows the mean return rate per hunter
fris are day from the three species, with the largest number of animals harvested over a
©on per 16-month period. No long-term decrease in harvest or return rate per hunter day
other b of is detectable; thus, it is not likely that game densities are decreasing markedly in
I i : the areas hunted by the Aché.
unted § ]
‘ DISCUSSION
Stimated 3 ! -
roportion S The data on Mbaracayu game densides and Aché annual harvest of major prey
stainable ; - species suggest that the 450-km? sink and source areas for Aché prey are probably
Harvest 1 ; sufficient for a sustainable harvest at current rates. The only other study we know
0.39% R of that has caiculated the minimum necessary combined sink and source for
g_'gig ! ] sustainability of observed neotropical hunting patterns is that of Townsend (1995).
0.280 ? J Townsend esdmates that a Siriond population of 192 consumers requires a
| minimum harvest area of between 221 and 1259 km? of forest land, depending on
g‘{l}gf : the species considered. However, one species (Blastoceros dichotornus) harvested by
0.330 that community would require between 3245 and 5409 km? of savanna for a

sustainable harvest. Without the savanna species, the Sirioné would still obtain
more meat per consumer day than the Aché (and most other neowropical commu-
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Figure 5-5. Harvest rate for Aché hunters (animals killed per hunter day) of D. novencinctus
(squares), C. apella (crosses), and A. paca (eireles) from September 1995 to December 1996, The
data show no evidence of longitudinal depletion for these species during the study period.

nities). Thus, taking the mid-point of Townsend’s estimate, we calculate that the
Siriond need about 3.8 km? of forest per consumer to achieve a sustainable harvest
at the current meat consumption rate. This is similar to the 5.5 km? per consumer
that the Aché currently use in Mbaracayu. Because both estimates are close, we
might speculate that zerra firme neotropical native populations can achieve
sustainable harvest if the combined sink-source areas available to them total at
least 5 km? per consumer. This would imply a maxitnum sustainable human popu-
lation density in terrz firme forests of about 0.2 person/km?® given typical meat
consumption rates. With more information on the range of biomass densities in
the neotropics, and human meat consumption levels, it will be possible to test this
hypothesis and specify a range of likely maximum sustainable human densities that
will not deplete neotropical vertebrate fauna.

Tiwo important conservation questions arise from these analyses. First, can the
results be extended to other economically less important vertebrate species? And
second, do measurements of game density differences in hunted and unhunted
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P oas provide information about sustainability of harvest rates? We believe that the
P swer to the first question can be partally surmised through an understanding of
: ;man huntng patterns. In general, most prey species are more difficult to locate
"han they are to kill. Search time for game represents the majority of all hunting
F . ne, whereas pursuit time is considerably less important (Fawkes etal. 1982; Hill
Fand Hawkes 1983; Hill et al. 1985; Hill eral. 1987). ‘This means that each species
¥ hat is hunted is taken in approximate relation to its abundance. Species that are
' not profitable are not hunted at all (Hawkes et al. 1982; Hill and Hawkes 1983;
£ Hill et al. 1985; Hill et al. 1987). Some species are more vulnerable than others,
b Lut the relationship between density and annual harvest can be clearly shown with
P current Aché data. Figure 5-6 shows a regression of log number of animals killed
' per year by log density for each of the major prey species in the Reserve. Density
E is associated with 80% of the varjadon in the annual harvest amount. In this
§ sample, A. paca was exceptionally vulnerable to human predation, whereas M.
b americana was greatly underharvested relative to its estimated density. This agrees
B with Aché informant statements that hunters actively seek out A. paca habitat
' through the day to the exclusion of other areas, and that deer are extremely wary
and thus difScult to kill with bow and arrow. If the relationship between prey
* density and annual harvest holds for other mammalian game species, it suggests
that most species found at proportionally lower densities will simply be harvested
at proportionally lower rates.
: The data thus suggest that if major game species are not overharvested,
b perhaps other animals will also be harvested sustainably. We are concerned,
t however, by the implications of harvest variance due to encounter luck for rare
é ¥ species. If few individual animals exist in a circumscribed area, then even though a
¢ species may on average be harvested at a sustainable rate, a single year of high
: harvest could be enough to start the population on a decline to extirpadon. For
‘ example, from transect data we estimate that there are about 30 jaguars in the
: Mbaracayu Reserve. Only three have been killed by the entire Aché population in
the past 19 years. However, if these were all killed in 1 year and if they were repro-
ductive aged females, this loss might eliminate the Mbaracayu population. Such a
perspective suggests that a rigid harvest cap should be placed on all species esti-
mated to contain fewer than 100 individuals in a circumscribed area. We have
discussed this with Aché leaders, and they are not opposed to limits being placed
on rarely encountered game animals, as long as a few can be killed occasionally for
naming purposes.

Finally, we can examine the relationship between density in hunted versus
unthunted areas and the sustainability of the harvest. Concerned individuals might
reach unwarranted conclusions about the unsustainability of human hunting
because game depletion can be shown in hunted areas. Studies that simply
compare densities in hunted and unhunted areas are not instructive, however,
because all central place predators are expected to deplete prey items nearby their
home base. Aché reservation lands within an hour’s walk of the village center have
been censused by our research team three times. Those lands are extremely
depleted of game, with only four mammals (three D. novemcimctus and one M.
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3

Log annual harvest

2

Log mean density

Figure 5-6. The relationship between the density

of the eight major prey species
in Mbaracayu and the number harvested annually

by Aché hunters (r = 0.90),

k]

species, only C. apellz, T tervestris, and T pecary showed no signs at all on reserva- :
feeding signs were encountered for D, novem- 3§

tton land. Fresh tracks, feces, or
cinctus, A. paca, N. naswa, M. americana, and T. tajacu. The Aché hunt on reserva-
ton land every day of the vear, and all of
consistently harvested ar levels many
more than 15 years of hunting, five
distance of an Aché village. Clearly,
vally resupplies this area. Thus,
mclude that source.

Do large differences in prey density between hunted and unhunred areas indi-
cate that the prey harvest is unsustainable: Previous analyses on a smaller subset of
our transect data showed thar [, novemicinctus, M. americana, T, terrestris, and
possibly C. apella are characterized by increasing encounter rates with distance
from the Aché, even when habitat type and other variables are controlled (Hill et
al. 1997). The current analyses show a large density difference between hunted
and unhunted zones for D, novencinetus, A. paca, and C. apella. Comparison of
actual harvest to the estimated sustainable harvest, however, suggests that none of
these species js in danger of being overharvested. This is true despite the fact that
densities of the two most important game species are twice as high in unhunted
areas as they are in the hunted zone near the Aché village. These observations
suggest that density in hunted and unhunted areas might tell us more about

dispersion rates and distances of each species than they do about sustainability of
the harvest.

the eight major prey items are
times above sustainability. Yet even after
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B Despite the ability to measure animal density differences between hunted and
unted areas and estimate whether harvest rates are sustainable, we suggest that
conservation units should undergo longitudinal censusing to ensure that typical
M arvest rates are indeed sustainable. Because annual fluctuations in animal density
Fare expected and not yet well understood (Glanz 1982), comparison of only two
Fjensity estimates through time cannot be considered a reliable indicator of harvest
F custainability. But continual monitoring will allow the discovery of a consistent
:p'bpulation decline, which can then be counteracted by limitations on harvest rate.
- Finally, data such as those presented here should induce conservation biolo-
3 gism to reflect on the status of humans as predators in conservation units. In the
| peotropics, native people are a natural predator in many conservation areas. Their
k hunting activity will not necessarily extirpate large or rare species if the ratio of
F consumers to prey is low. The simple fact that the species present today have coex-
isted with humans for at least 12,000 years and that humans have always been an
" active component of the current neotropical milieu provides common sense
evidence of this. As far as can be discerned, there were no uninhabited areas of the
neotropics at European contact (Denevan 1992), and there have been no large
uninhabited areas in the time since European arrival (Steward 1944-49).

Conservationists also should be aware that the current set of neotropical
species has never existed as a “natural community” without human activity. The
earliest human populations spread through the neotropics prior to the terminal
Pleistocene extinctions (Meggers 1982; Roosevelt 1994), which led to modern
neotropical faunal communities. Humans have acted as predators, competitors,
and seed dispersers in the neotropics for at least 12,000 years. They have disturbed
and restructured forests through swidden agriculture for at least 5,000 years (Balée
1994). Humans are a natural top predator of the neotropics, their presence and
activides, as practiced traditionally, are just as natural as those of jaguars,
anacondas, or harpy eagles. The removal of top predators from any area is an
ecological gamble that may threaten biodiversity and result in 2 community struc-
ture that is anything but namural (Glanz 1990; Janson and Emmons 1990;
Terborgh 1990).

]

i
%

ACKNOWLEDGMENTS

This research was funded by two grants from the Nature Conservancy, and logistical
j - 3 support was provided by the Fundacién Moises Bertoni. Miguel Morales, Alberto Yanosky,
- and Raul Gauto were instrumental in providing institutional support. Equipment was
2 donated by Ex-Officio, Coleman, Therm-a-rest, Slumberjack, Great Pacific Iron Works,
Ray O Vac, and Jansport Inc. Statstical analyses using DISTANCE software were
performed by Gammet McMillan.

Mo e e s

e Rt e g = e e




