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Abstract. Subsistence hunting among the Waimiri Atroari indians in central Amazonia, Brazil, was stud-
ied from September 1993 to October 1994 o assess the current levels of resource exploitation. Hunting
effort, harvesting yiclds and species composition of the hunt were recorded daily in five villages varying
in number of people, location and age of the settlement. The Waimiri Atroart harvested a tofal of 3004
individuals of 4! species in one year, Lowland tapir (Tapires terresiris), white-lipped peccary (Favassu
pecari), collared peceary {10 rajact) and spider monkey (Areles paniscus) represented 87% of the total
yearly game weight. Sex ratios of spider monkeys killed were heavily biased towards females indicating a
stronger hunting pressure on those individuals. Harvesting yiclds was proportienal o hunting efforts indic-
ating no cvident game depletion in the study period. However, capture per unit of effort was significantly
different among villages. Differences in total game mass harvested may be explained by local resource
depietion associated with age and size of the scttlement. However, this relationship is confounded by the
capacity of some villages to expleit distant hunting sites. Data obtained in onc village showed that harvest
rates were higher in hunting sites focated far from settlement indicating game depletion in hunting sites
surrounding the village.
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Introduction

Wildlife species are an important part of the diet of most people living in Amazonia’s
rain forest habitats but hunting may have a negative impact on wildlife populations
(Peres 1990; Alvard 1994; Bodmer 1994; Alvard et al. 1997). Recent research sug-
gests that many Amazonian people are becoming more sedentary (Milliken et al.
1992; Stearman and Redford 1995; Leeuwenberg 1997). Such sedentism and the
availability of more efficient hunting weapons and transportation are likely to in-
tensify hunting pressure and result in declining wildlife populations and hunting
yields. Hunting pressure also varies depending on the species. Large mammals such
as Lapirs, peccarics and monkeys are among the most harvested followed by bird and
replile species (Vickers 1984, 1991; Redford and Robinson 1987; Alvard 1993).
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In general, hunting areas close to settlements are used more frequently Tor hunting
than more distant areas and tend 1o have lower captuse per unit of effort than remote
hunting sites (Hames 1980: Alvard 1994; Fragoso 1998). Capture per unit of etfort
is usually higher in more remote and lightly hunted areas than in arcas close to the
settiements in Amazoma (Vickers 1980: Bodimer 1994; Alvard et al. 1997),

Hunters who live in permanent villages arc expected (o have lower yields per unit
effort than those who rclocate more freguently. Hames and Vickers (1982) and Alvard
(1994) showed that hunting yiclds increased with distance (rom the settiement for the
Yanomamo and Yek’wana indians in Venezuela and for the Piro in Peru. Species
composition of the caich can also change with distance from the village (Hames and
Vickers 1982). Preferved specics may become rare near settlements when compared
to distant hunting sites. Most studies that investizated the effects of distance from the
village on larvesting in Amazonia were done in arcas where henting (rips are single
day cvents and the Indians go hunting by fool (Vickers 19915 Abvard 1994, Alvard
et al, 1997), loot transportation limits the distances that hunters can travel round trip,
restricting the access o larger areas that can work as source habitats [or “sink” areas
near the villages.

Here we report on the patterns of catch per unit of effort in Waimiri Atroari
villages varying in number of people, age of the seilement and different degrees of
aceess 1o motorized transport and show (hat simple source and sink models may nat
work where mechanized transport 1s available and distance does not act as a strong
barricr o access by hunters.

The Waimiri Atroari are Carib speakers and live in the Central Amazon region
in Brazil with a population of 801 people. The Waimiri Atroari have undergone
several changes in the last 30 years that have allered their traditional way of living.
Highway BR 174, which jeins the citics of Manaus and Boa Vista in ¢he northern
region ol Brazil, was completed in 1974 and crosses the Waimin Atroari Reserve.
An assistance program agreerment with the Waimiri Atroari was signed belween the
clectric company (ELETRONORTE} and the National Indian Foundation (FUNAT)
after the Reserve had part ol its territory fooded by the Balbina Hydroclectric IDam
in 1987, This support program will end in 2013. The program provides health as-
sistance, education and technical support for agricultural production and environ-
mental issues, Shoteuas and motor boats were introduced o the arca and are cur-
rently part of the everyday life of the Waimirt Atroari. The presence of FUNAL
offices in each village. providing health care and techinical support, creates ncentives
for the Indians W remain in the same arca {or long periods of tme. Indians living
along Highway BR 174 frequently use FUNAI trucks for hunting excursions to more
distant sites. The impact of these changes on the traditional subsistence hunting is
unknown.

The specific questions 1o be addressed by this study are: (a) What s the an-
rual harvesting vield in five Waimiri Atroart villages? (b) Which species are more
frequently hunted? (¢) Does the game composition vary scasonally? (d) Are hunting
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Table /. Data on location, scitflement age, number of people and access to
motorized transport of the villages involved in this study.

Transportation
Village Settlement age  Population  Location o hunting sites
Mynawa 5 100 5 km from BR 174 Truck
Xeri 8 45 2 km from BR 174 Truck
Tawara 10 40 { km {rom BR 174 Truck
Maikon 8 45 Upper Alalai River  On foot
Maryda 2 20 Upper Alalai River  On foot

yields proportional to hunting efforts in all villages? and (e) Do honting yields change
with distance from the settlement?

Study area

The Waimiri Atroari Indigenous Reserve is located in the Brazilian states of
Amazonas and Roraima (1°00' N to 2°3(0’ S, 50°30' to 61°30' W) covering an area
of 25,000 km?. The five villages studied varied in number of people, site and age
of the settlement (Table 1). Villages Mynawa, Xeri and Iawara are located along the
Highway BR 174 and villages Maikon and Maryda are located on the bunks of the
Alalau River (Figure 1). The predominant vegetation type is ferra firme {(upland)
forest although other types occur at a small scale (Milliken et al. 1992). The rainy
season is from February to July and the dry season is from August to January. Each
village has its own hunting areas that can be used by Indians of the other villages
only with permission. Hunling excursions involving Indians of several villages occur
when the whole tribe is together for some communal work (building a new hut, clear-
ing plantation fields or ritvals). Indians from Xeri, Mynawa and lawara frequently
use trucks to go hunting in areas far from their settlement and they have permanent
hunting trails in these areas. Indians from Maikon and Maryda possess motor boats,
but, generally hunt on fool.

Methods

This study was carried out in five Waimiri Atroari villages from September 1993 to
October 1994. Data sheets were filled out each day after every hunting excursion in
each village. A Waimiri Atroari Indian in each village was trained to fill out the sheets
in the native language. They were chosen because they fluently speak and write their
native language and Portuguesc and teach both languages in their home villages. The
data sheets contain information about departure and arrival time, number of Indians
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Figare 1. Map of the study aren and disuibution of the five villiges used in this stody in the Waimiri
Atroari Reserve (WA), [ Matkon, 20 Maryda, 30 Xerie 4 Twara and 50 Myngwa.

hunting, hunting site, sex of the animals hunted, size (qualitative: young or adult),
reproductive state of the females (pregnant or not) and if they were lactating. Days
with no hunting activities and fishing cxcursions were ulso noted. Fish harvesting was
nol included in this part of the study although fish is an important resource for Indians
fiving by the rivers. Souza-Muzurck checked the accuracy of the information on the
dats sheets monthly through direct observation. Time spenrt hunting was defined as
being the sum of hours from the time the hunters left the village until the time they
came back. The Waimiri Atroari rarcly hunt for more than one day. The hunting effort
was caleulated by muitiplying the number of men hunting by the number of hours
hunting. Incomplete data shects were eliminated from the hunting cffort analysis,
but the number of aninuals hunted was included in the total number during the study
poriod. Harvest of cach species por consumer-yewr was caleulaied by the formula:
HR = number of individeals killed/mumber of consumers % duration of the study
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(1 year) (Rediord and Robinson 1987). Consumers were defined as all people living
in the villages during the study period.

Similarities in species composition of hunts among villages were summarized by
Multi-Dimensional Scaling (MDS) (Belbin 1992). Ordinations were based on pro-
portion of the total body muass of individuals of the 16 most-hunted species. MDS
is a conceptually simple method of obtaining ordination in a reduced number of
dimensions. MDS was chosen because it is generally more robust o non linear ef-
fects and can often summarize more information in fewer axes than other indirect
ordination techniques (Minchin 1987). Bray-Curtis index was used for calculation
of the dissimilarities among villages. Ordination was done in two dimensions, The
effects of villages and periods (hunting data from each 2 months) on the two axes of
specics composition were ested by Analysis of Variance,

We used Contingency Table analysis to test the independence of number of indi-
viduals of the five most-hunted mammal species and seasons in all villages.

Species were identified by reference to field guides. Data on mammal and bird
weights were taken from the literature and were based on the average adult weight
(Peres 1990; Arita et al. 1990, Emmons and Feer 1990; Sick 1984). Reptile weights
were taken from animals brought back to the viilages by the hunters. We excluded
the weight of individuals that were not identified at the species level. The weight
of one manatee was not included because the Waimiri Atroari ate very little of its
meat (Souza-Mazurek, personal observation). Felids and otters are also hunted by the
Waimirt Atroari but not eaten. Wild cats represent a direct threat to the Indians and
ofters because they compete with the Indians for fish. The electric eel was included in
this study because it was consumed frequently by the Indians and is collected during
hunts and not during fishing trips.

Results

The Waimiri Atroari Indians {rom five villages consumed 3004 individuals of at least
41 species between September 1993 and October 1994 (Table 2). Mammals were the
most-hunted group comprising 49% of the total number of individuals, followed hy
reptiles (27%) and birds (219%). Nine species of mammals {# = 1390), four specics
of reptiles {(n = 781) and four species of birds (n = 457) represented 87% of the totud
game consumed.

Mamimals represented 91% of the total weight of the 16 species most consumed
in the villages. Among mammals, tapir (Tapirus terrestris) represented 46%, collared
peccary (Tayassu tajacu) 20%, white-lipped peccary (Tavassu pecari) 13%, and the
spider monkey (Ateles paniscus) 8% of the total weight. Small rodents (Agouti paca,
Dasypus sp. and Dasyprocta agouti) together represented 2% of the Lotal weight.

The spider monkey was the most conunonly hunted mammal, followed by the
collared peccary, white-lipped peccary and tapir. After mammals, reptiles were the
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Tuble 2. Number (N) and harvest weights of game animals in live Waimini Atroast villages in one yeat

Waimiri Individeal  Total
Scientific name Comnen mame Atroari name N weight (kgr  weight (kg)
Filentata
Teimandiiv Collared anteater Warirt 2 5 10
tetradacivia
Myriecophaga Ciiant anleaier Saryma 3130 2]
tridactvia
Privdontes mexims  Giant Armaditlo Akenyhehe 6 30 180
Dasypus kappleri Armadillo Kabaha 4410 440
Dasypuis sp. Nine banded Kapaxi 8 1.5 12
Armadille 7
Primales
Ateles panisens Spider monkey Kwaty 421 8.1 34101
Alovatre seniculis Howler monkey Arawyla G99 6.18 6118
Cebirs apelfa Capuchin monkey Meky ai 29 147
Chiropoies sctenits Brown bearded saki Kixi'y 3 3 9
Rodenlia
Agauti paca Paca Waryna 66 9 394
BPasyprocia agowchi  Agouchi Akiri 54 4.5 243
Myoprocta aconchi Red acouchy Axiwi 33 .2 35.6
Artiodactyla
Thivassu rafact Collared peceary Pukia 258 ; 8305.6
1 pecary White lipped peccary Peixi 166 323 53905
Muazama americana Red brocket deer Syweri 18 20,10 4069.8
M. gouazoubira Gray brockel deer Kaiaky 10175 175
Perissodactyla
Tupirus rerrestris Lowland tapir Mepiri i31 1489 19505.9
Carnivora
Firet borbara® Tayru Wiria 1
Ietis sp.” ’ 3
Cracidac
Crax alector Black Curassow Wuky 168 34 371.2
Penclope sp. Guan Muare'e 77 .85 6545
Pipile pipite Blue-throated guan Kiwi'e 7
Mitu toimentosa Crestless curassow Awyly 7 3.5 24.5
Psophiidac
Psophia crepitans Trumpeter Tkemi 162 1.5 243
Psillacicie
Ara araranna Blue and yellow magcaw  Marabia S0 1.5
Ava chloroptera Scarlet macaw Byryiyhy 14 1.5 28.5
Awazona sp. Purrot Kyrywaky | ?
Ramphastidac
Ramphasias trcanns Red billed toucan Txamyky, 24 0.5 12
Kiamyky
R, vitelities Channel billed toucan Kyry ! 0.5 0.3
Preroglossas sp.” Toucanel rida ] ?
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Scientific name

Common name

Waimiri
Atroari name N

Individual Total
weight (kg) weight (kg)

Tinamidae
Tinains sp. Tinamou [arny I ] Il
Accupritidae
Harpia harpyja® Harpy cagle Kwany |
¥ Hawk 4
Anatidae
Cairine moscata Muscovy duck Paty 3 3 9
Testudinata
Geochelone Yellow-looted tortoise  Waiamy 450 4 1800
denticulata
G carbonariu Red-looted tortoise Walamylxa 148 4 592
Rhinoclenivs Guiana wood turtle Arykaka 23 0.7 16.1
panchidaria
Pluatenmiys platyeephala Grooved sidencek wirtle Masyry 6 0.6 36
Phirynops sp. ? Sypa’a 10
Crocodilidae
Caitman crocodilus Spectacled coiman [ake tamixa 183 2 366
Pateosuchis trigonatus Schneider’s lake tapyryma 19 3 57
smoeth-lrented caiman
Electrophoridiae
Flectrophorus Electric el Parcki 149
electriens™ ™
Total 3004 43235.6

*Not caten,
** Not available.

second most consumed taxonomic group and the yellow footed tortoise (Geochelone
denticulata) was the most frequent item of all groups. Two large birds, black curas-
sow (Crax alector) and gray-winged trumpeter (Psophia crepitans) were also often
consumed by the Waimiri Atroari Indians.

It was possible to compare the extraction levels per species of the Waimiri Atroari
with other indigenous groups using the number of individuals per consumer-year with
data from Redford and Robinson (1987). Hunting rates of tapir, spider monkey and
collared peccary were much higher among the Waimiri Atroari than the average of
other groups (Table 3). On the other hand, they relied much less on rodents such as
paca, agouti and acouchy. Capuchin monkeys (Cebus apella) were also captured at
much lower rates by the Waimiri Atroari than by other Indians.

Sex ratios of the most commonly hunted species were equal or slightly skewed
towards male except for spider monkey and white-lipped peccary (Tuble 4). Female
spider monkeys represented 80% of the catch for this species. On the other hand,
males ol howler monkeys, capuchin monkeys, agoutis and red footed tortoise were
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Table 3. Comparison of harvest rates of most connuonly taken prey
species between the Waimiri Atroari and other indigenous groups
(number of animals taken per censumer-year).

Scienlitic name Average®™  Waimiri Atroari
Manmimals
Teunemdin fetradeeryie 0183 0.008
Dasvpis sp. 0.2
Ateles poniscits 1.7
Alowatta senicirfus 4.39
Cebus apetla 251 0.204
Agentti pace 0.892 0.264
Lrasvprocta and Myoprocia (.639 0.348
Tovassti ljaci 0.652 432
1 pecary 0.923 (1.604
Meicaina sp. 0.175 a.112
Teipirus ferresieis 0,049 .52
Birds
Creax adector 0.506 0.67
Penelope sp. (.89 0.308
Pipile pipite (L6547 (L2R
Prophia crepitans (14597 {1L.648
Avet sp. 0094 0.276
Amterzona s[x 0,149 0.004
Remphasties sp. 0.869 00
Reptiles
G. denticalaia 1.8
O varbonario .59
Rhinoclenes prnctidaria 0.092
Caiman crocodifies 6.7
Derteastchits trigonatus 0.076
IFish

tiectrophorus electricas 0,590

i Redford and Robinson (1Y87).
F

Genus only.

*FE ncludes colonist groups.

harvested more than expected considering the data on natural sex ratio available for
these species (Table 43,

Species composition of the hunts varied with scason ()(’3_”_”(H = #5). Spider mon-
key, howler monkey and tapir were more abundant in the cateh in the wet seison than
in the dry season. White-lipped peccary was slightly more abundant in (he dry season
and collared peccary was hunted evenly throughout the study period (Figure 2).

The particularly high number of spider monkeys harvested during the wet season
may be related to the seasonal activity patterns of this species, but also o the Waimiri
Atroari hunting behavior. Roosmalen (1985) showed that spider monkeys are partic-
ularly active during the wet scason when abundance of fruit resources is high and
are probably easier to find during this period. In addition, the Waimiri Atroari avoid
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Tuble 4. Comparison of sex ratio for Waimiri Atcoari kills and censused population [rom literalure.

Sex ralio Sex ratio

Species of kills (n) censused* Source

Ateles paniscus 23:100 (411) 34:100 Van Roosmaien (1980)
Symington (1988} cited
in Alvard (1993)

Alonatta seniculus 200: 100 (84) 58:100 (34) Quciroz (1995)

85100 (178) Rudran (1979)

Cebus upela 325100 (51 101:100 [zawa (1980); and Janson

{1984), cited in Robinson
- and Janson {1987)

Tavassu tejac 122:100 (353) 120:100 Alvard (1993)

Tuyassy pecari 69100 (166} 4k

Tupirus terrestris G7:100 (128) ook

Deasvprocta agouts 41100 (53) ik

Agenti poca 276: 100 (64) #ek

Crax alector 137:100 (100) ok

Psapliie crepitans 96:100 (161} B

Penelope sp. 123:100 (76) *ik

Geochelone denticulata 117:100 (448) 153:100 (38) Moskovits (1998)

G, carbonaria 234: 100 (147 120:100 (174) Moskovits (1998)

* Sex ralios represented as number of males per 100 females.
i = number of individuals used to caleulate sex ratios.
* Not available.

killing spider monkey in the dry season because they are lean during that period
(Indians personal communication), what could have influenced its low numbers in
the dry season.

In the case of howler monkeys, they are frequently seen in the Jgapds (flooded
forests) during the wet season in the study arca. They often stay close to the river
edges and can be easily seen and killed from the boats (authors personal observa-
tions). Waimiri Atroari Indians organized hunting trips to the lgapds specifically
targeting howler monkeys during the wet season. Terru firme forest contains more
game species targeted by the Waimiri Atroari than do flooded forests, making hunt-
ing less directed towards a particular species in this habitat. The directed search for
howler monkeys in the fgapds may have influenced the seasonal pattern encountered
for this species n this study.

The amount of game was positively correlated to hunting effort (Figure 3), but the
analysis of covariance (ANCOVA F| 47 = 3.09, P = 0.023) indicated dilferences
among villages. The Tukey lest could not detect the differences but the least square
difference (LSD) test (Wilkinson 1990) indicated that the villages Maikon and Myn-
awa tend to have a lower capture per unit of effort than the villages Xeri, Maryda
and lawara. However, none of the relations indicate a decline in slope in capture with
increase in hunting effort.

Multi-Dimensional Scale analysis (MDS) (Belbin 1992) was used to create the
axes that best describe the variation in hunted items among the five villages in the
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Figwre 3. Total game mass harvested per month as a function of monthly hunting clforts in cach village.
() Seltlement age. Mynawa = solid circles, Xeri = triangles, lawara = star, Maikon = open circles and
Maryda = open squares.

a high residual variation (stress = (.32) indicating only weak relations among the
16 most-hunted species. Analysis of variance indicated that the variatton was not
related to villages (Foos, 1,15 = 0.78, P = 0.55) or periods (Fo05.1.15 = 0.66, P =
(1.65). MDS graphs in two dimensions also showed weak aggregation for villages
(Figure 4A) and periods of the year (Figure 4B), so general conclusions can probably
be applied for the five villages for all months of the year.

Indians living close to the highway often vse trucks to reach hunting areas far
from the villages (>25 km) The biomass of animals killed per unit of etfort was
much higher in the distant hunting sites, possibly indicating over-hunting in areas
close to the settlement, for Mynawa village (Figure 5). Capture per unit of effort of
tapir, spider monkey and collared peccary was also higher in more distant sites for
this village {Figure 6). Data were not available for the other villages.

Discussion

The Waimiri Atroari Indians from five villages extracted nearly 44,000 kg of an-
imal biomass in one year. Most of this biomass was represented by large mammals
such as tapir, collared and white-lipped peccary, with small mammals represent-
ing only a small percentage of the total harvest. Harvesting of paca, agouti and
acouchy per consumer-year was much lower than for tapirs, both peccaries and spider
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monkeys (Table 3) in spite of their high densities in the wild (Robinson and Red-
ford 1986), indicating that the Waimiri Atroari are selecting larger animals. These
findings dilfer [rom Redlord and Robinson (1987) but agree with other studics
(Vickers 1991; Alvard ct al. 1997).
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Figure 5, Total game mass (kg) per hunting day at hunting sites located at three different distances from
Mynawa village.

Two species of primates represented 37% of the mammal species and spider mon-
key was the species most often hunted by the Waimiri-Atroari (n =421). lts harvesting
per consumer year was at least four times higher than for other Indians (Table 3).
Most spider monkeys killed were females, while the sex ratios of most other species
hunted were slightly skewed towards male. Although female-biased sex ratios {[:3
among juveniles) have been reported for this species in the wild (Symington 1987, see
references in Alvard 1995) the Waimiri Atroari prefer to kill female spider monkeys
because their bodies have more fat than males and are considered more ‘tasty’ than
males (Indians, personal communication), Females can be easily identified from the
ground due to their conspicuous red genitalia (authors personal observations). In this
case, hunting affects a segment of the population that most influences the demography
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of the species. Because the reproductive rale of the spider moenkey is low (1 offspring
every 3 years: Milton 1981) and hunting is concentrated on adult females, including
pregnant ones, this selective hunting can reduce even more the replacement rate of
the population. The spider monkey is onc of the first specics to disappear or became
rare in areas of intensive hunting (Peres 1990: Bodmer 1994a).

After mammals, reptiles were the second most important group for the Waimiri-
Atroari in number and weight. This differs from other indigenous groups in the
Amazon region who consume more birds than reptiles (Vickers 1984; Redford and
Robinson 1987). Townsend (1996) found the same trend among the Siviono in Bolivia,
although 57% of the reptile cateh was the freshwater lartle Podocnemis unifilis, while
the yetlow-Tooted tortoise Geochelone denticalata was the most frequently collected
item of all species in this study. Although the Waimirt Atroari do not hunt specificatly
for torioises as happens among the Kaapor (Balde 1985), they are always collected
when the Indians hunt for other items. Therefore. hunting for prey such as tapir
and peecary which occur in low densities. indirectly affects the tortoise population,
because it increascs the area ol tortoise collection. The body weight of Geochelone
denticnlate rarcly reached more than 4 kg (persenal observation), indicating that large
individuals may he becoming rare in the arca.

The Warmiri Atroari used 14 species of birds as [ood but they hunt more intens-
ively targe birds such as curassows and trumpeters. Harvest per consumer-year for
these species was similar (o other indigenous groups (Redford and Robinson 1987},
Curassows and trumpeters arc also the main bird species consumed by the Siona-
Sceoya (Vickers 1976), the Waorani (Yost and Kelley 1983) and the Bari Indians in
Colombia (Beckerman 1980)).

The high havvest rates ol farge mammals among the Waimiri Atroari during this
study differ {from other Amazonian groups. High harvest rates of large specics have
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been associated with the use of shotguns (Yost and Kelley 1983) and dogs for hunting.
The Waimiri Atroari use shotguns frequently (although there are only two to four
shotguns available per village), but they also hunt with bow and arrow and normally
take both when hunting. Tapir, monkey and peccary are frequently kilted with both
weapons (Souza-Mazurek, personal observation), The Waimiri Atroari also used dogs
regularly when hunting during the study period. The presence of peccaries in the
harvest was frequently associated with the use of dogs (Souza-Mazurek, personal
observation) and probably influenced the high capture rates of this species.

Another possible explanation for the high harvest is that the Waimiri Atroar] have
access to trucks and can exploit distant sites that are under low hunting pressure and
the density of large species is probably high in those areas (Hames and Vickers 1982;
Bodmer 1994).

Analysis of capture per unit of effort as a function of age of the setilement
and distance from the villuge

The amount of game harvested by the Waimiri Atroari was proportional to hunting
cffort in all villages. A positive linear relationship between the number of hours hunt-
ing and the amount ol game obtained indicates that game is still available in the area.
However, the villages of Maikon (8 years old) and Mynawa (5 years old) had lower
CPUE than the other villages. The villages Maikon and Xeri have the same number of
people and same age of settlement and were expected to have similar CPUE, but Xeri
had a much higher CPUE than Maikon. This difference may be due to the fact that
Indians from Xeri frequently use trucks to go hunting in more distant hunting sites
that are under low hunting pressure and probably have imore game. Hunters from
lawara, a 12-year-old village, also use trucks to go hunting and the CPUE for lawara
is as high as Xeri. Hames and Vickers (1982) and Alvard (1994) showed that distunt
hunting sites produce higher hunting yields than areas near villages due to depletion
near the settlements. This trend is likely to be more evident for villages established in
the same site for a long period of time.

Indians from Maikon, on the other hand, go hunting on foot and the low CPUE
found in this village probably reflects an over-exploitation of game in nearby areas.
The area where Maikon is located is not particularly poor in animals because the
CPUE in Maryda, established in the same region only 2 years ago, is much higher
than in Maikon.

Mynawa was the second village with a low CPUE. Lt is the largest village with
100 people, twice the number found in the other villages. It is possible that they are
already having problems with game depletion in spite of having transportation to hunt
in more distant areas. CPUE of coilared peccary, spider monkey and tapir is higher
in more distant hunting sites for (his village, indicating game depletion in the nearby
areas. The fact that this village is in the process of division may also support this
hypothesis.
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This study shows that, in gencral, the Waimiri-Awoari are not lacking food due
to over-exploitation of resources as suggested for other tribes in the Amazon region
(Hames 1980; Alvard et al. 1997). They can still concentrate their hunting efforts on
the 'noble” but most susceptible species such as tapir and spider monkey. However,
these specices are already becoming rare in arcas close 1o seitlements, and transporta-
tion is only a short-lerm sotution. Also, Mynawa and Maikon scem to be suflering loc-
alized effects of game depletion. It is likely that the high CPUE (ound in Maryda will
diminish with time due 1o intensive use of hunting areas close to the village. As an al-
ternative to using only remote areas for preferred species they could consider a system
of rotation of hunting sites to allow keep large game to survive in areas close to their
villages. Simple source and sink models, to be used in subsistence hunting studies as
proposcd by Noviuo et al. (1997} may not work in areas where Indians have modern
transportation and can go far (Csouree” areas) and consequenily have larger hunting
arcas than il they were hunting on foof. Indians hunting on foot can walk a maximum
distance of 10 km from the settiement (Vickers 1984: Alvard 1997) generating an
associated hunting area of 314 km®. Waimiri Atroari Indians using trucks can have
a hunting area of approximately 1000 km?, considering 1 314 km” area around the
setclement plus a 600 km? rectangular area along the highway axis (60 km x 10 km).
It all villages have the same potential to exploil the same size arca, (as villages living,
along the rivers do beeause they have motorboats). their catchment area would occupy
half the sive of the Waimiri Atroari Rescrve and “source” arcas, as proposed by the
model, would not exist, considering the spatial distribution of the villages instde
the Reserve. More complex models that include highly mobile hunters should be
developed because the use of modern technology is becoming more common among
indigenous peoples. The nomber of villages is also changing. Five new scttlements
were [ormed since this study was done, and we expecet that the type of hunting impact
we identificd in this study will spread over even larger arcas of the Reserve.

Long-term studies are being carried oul to detect changes in composition and
quantily of the species hunted and in the size of the caichment arca over time. Data
collected in one year are not sufficient to give a reliable interpretation of the sustain-
ability of hunted species (Vickers 1991). In addition, the Waimiri Atroari population
is growing by 7% per year indicating the need for much more food resources in the
near {uture,
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