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ABSTRACT: Objectives: Greater Amazonia harbors as many as 100 locations of isolated indigenous peoples. Few
options are available to assess the demographic health of these populations given their limited contact with the outside
world. Remote sensing offers one option.
Methods: An isolated village in Brazil near the Peruvian border is visible with Google Earth imagery from 2006. The
area of the fields and village, as well as the living area of the four longhouses, are measured and compared to
population-by-area measurements for 71 other Brazilian indigenous communities.
Results: The estimated population of the village is no more than 40 people. A village as small as this one, if it has
become disconnected from a metapopulation, risks imminent extinction if it has fallen below a minimum viable popula-
tion size.
Conclusions: An active remote surveillance program is urgently needed to track the movements and demographic health
of isolated peoples in hopes of improving their dire chances for long-term survival. They need protected areas that are
large enough to mitigate against external threats. Am. J. Hum. Biol. 00:000–000, 2014. VC 2014 Wiley Periodicals, Inc.

INTRODUCTION

Lowland South America harbors most of the last indige-
nous societies to have limited contacts with the outside
world. All past contacts between Europeans and indige-
nous societies over the last 5001 years have been
unequivocally devastating, resulting in the loss of over
90% of the original indigenous population (Bodard, 1974;
Hemming, 1978; Ricardo and Ricardo, 2011). Currently,
the smallest known populations are the recently con-
tacted five Akuntsu, four Juma, and a sole surviving man
“Tanaru,” all in the Brazilian state of Rondônia (Ricardo
and Ricardo, 2011; Vaz, 2011). Limited information is
available as to the demographic health of populations that
remain isolated, but they are also likely critically endan-
gered and on the brink of extinction.

Population estimates are vital to judging whether or
not isolated populations have any chance of being pro-
tected from the many external threats of disease, dis-
placement, deforestation, and mining that threaten their
existence. A longitudinal population record is needed to
evaluate whether the currently limited measures of pro-
tection are sufficient or if policies are in immediate need
of augmentation. Governmental agencies like Fundaç~ao
Nacional do �Indio (Vaz, 2011) and nongovernmental agen-
cies like Instituto Socioambiental (Ricardo and Ricardo,
2011) attempt to track purported locations of isolated,
endangered peoples. As many as 100 locations have been
identified mostly by brief encounters or aerial surveys.
However, these attempts do not include any systematic
effort to census isolated populations beyond rough esti-
mates based on occasional sightings.

There is considerable difficulty and danger associated
with censusing isolated populations on the ground, hence
remote censusing using satellite imagery offers an attrac-
tive alternative. Much remote sensing work in the Amazon
Basin focuses on logging (e.g., Asner et al., 2005), but pro-
gress has also been made linking household and commu-
nity level data to land-use change (e.g., Fox et al., 2004).
The statistical methodology for estimating population sizes

from spatial data (i.e., field areas, number of houses, or
room area) is a standard approach in archaeology (Brown
1987; Chamberlain, 2006; Hassan, 1981) and anthropology
(Hamilton et al., 2007, 2012). In this vein, we take area
measurements using satellite imagery from an isolated vil-
lage to compare against population-by-area measurements
for other Brazilian indigenous communities.

METHODS

One isolated village in the state of Acre, Brazil near the
border with Peru is visible in Google Earth (Fig. 1a). This
image from 2006 shows four longhouses in a clearing in the
center and swidden (slash and burn) horticultural fields to
the southwest and directly to the east. The area of the over-
all cleared area is measured using the polygon feature in
Google Earth Pro. This area is then compared to a sample
of 71 other indigenous Brazilian villages where it was pos-
sible to match locations with population estimates (Ricardo
and Ricardo, 2011; National Foundation of Health http://
sis.funasa.gov.br). These 71 villages are all in forested
areas so cleared areas are easy to demarcate and measure
in Google Earth Pro. The most sampled regions are North-
west Brazil, Xingu River Basin, and Yanomami land in
Northern Brazil for reasons of sufficient resolution of satel-
lite imagery and well-documented village locations.

Several additional methods are used to estimate the pop-
ulation of this isolated village using a subsample of 25 vil-
lages where satellite imagery is of high enough resolution
to allow measurement of the living area of houses. These
include: (1) using the living area of the four longhouses
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divided by the average living area per person from the 25
villages, (2) four longhouses multiplied by the average
number of people per house, (3) living area of the four long-
houses divided by the minimum living area per person (vil-
lage of highest density of people per house) for a liberal
estimate, and (4) four longhouses multiplied by the maxi-
mum number per house (again using the village of highest
density of people per house) for another liberal estimate.

RESULTS

The overall cleared area of the isolated village is only
3.8 hectares. This area is at the extreme small end of the
other indigenous Brazilian villages (Fig. 1b). Best fit line
and 95% prediction interval are shown on the graph with
the isolated village’s area and possible population sizes
denoted with a vertical dotted line. The population-by-
area regression prediction interval and a variety of other
methods using the estimated area of the four longhouses
(�112 m2) suggest a population of no more than 40 total
people (including children and adults). The average esti-
mated population across the six different methods is only
22 people (Table 1). A flyover in 2011 revealed at least
nine people, although later that year the whole village
reportedly left the area, perhaps in response to drug traf-
fickers in the area (Pappas, 2011). More recent 2012 IKO-

NOS and WorldView high-resolution satellite images
show no trace of the village.

DISCUSSION

A small, isolated village like this one likely faces an
imminent threat of falling below a minimum viable popula-
tion if it is not connected to any other friendly villages of
the same ethnicity. Many of the other isolated indigenous
peoples in Amazonia may also be facing similar dire situa-
tions in terms of small populations struggling against an
onslaught of external risks. Given the grim history of pre-
vious contacts with the outside world, forced contact seems
ill-advised. We suggest that an active remote surveillance
program is needed to track the movements and demo-
graphic health of isolated peoples in hopes of ameliorating
their chances for long-term survival by guiding future pol-
icy decisions of national governments.

While all surviving Brazilian indigenous populations suf-
fered extensive mortality during contact with the outside
world, most of them exhibit positive growth rates within
the first decade postcontact, provided at least some 20 or 30
people survived (Hamilton et al., 2014). To help ensure that
currently isolated populations do not drop below minimum
viable population size, it is necessary to quantify their pop-
ulation dynamics. If we could quantify the effects of exter-
nal threats (i.e., deforestation, illegal mining, cattle-
ranching etc.) on indigenous population dynamics and spa-
tial ecology, we could use this information to shape policies
in ways that mitigate against these threats, such as setting
aside and enforcing larger protected areas. Indigenous land
rights are key to long-term population viability. The first
task is to geolocate isolated villages, perhaps using auto-
mated search algorithms to detect signs of habitation, and
then track their patterns of migration and land-use through
time. In this way, it may be possible to determine the boun-
daries of protected areas that are of sufficient size to buffer
against external threats, support a recovering population
base, and revive metapopulation structures. A slice of
humanity’s ethnolinguistic diversity hangs in the balance.
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