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Global importance of Indigenous Peoples, their lands, 
and knowledge systems for saving the world’s  
primates from extinction
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Fernando Ascensão5, Agustin Fuentes6, Stephen T. Garnett7, Christopher Shaffer8,  
Júlio Bicca-Marques9, Julia E. Fa10,11, Kimberley Hockings12, Sam Shanee13, Steig Johnson14, 
Glenn H. Shepard15,16,17, Noga Shanee18, Christopher D. Golden19, Anaid Cárdenas-Navarrete20, 
Dallas R. Levey21,22, Ramesh Boonratana23, Ricardo Dobrovolski24, Abhishek Chaudhary25, 
Jonah Ratsimbazafy26, Jatna Supriatna27, Inza Kone28, Sylviane Volampeno29

Primates, represented by 521 species, are distributed across 91 countries primarily in the Neotropic, Afrotropic, 
and Indo-Malayan realms. Primates inhabit a wide range of habitats and play critical roles in sustaining healthy 
ecosystems that benefit human and nonhuman communities. Approximately 68% of primate species are threatened 
with extinction because of global pressures to convert their habitats for agricultural production and the extraction 
of natural resources. Here, we review the scientific literature and conduct a spatial analysis to assess the signifi-
cance of Indigenous Peoples’ lands in safeguarding primate biodiversity. We found that Indigenous Peoples’ 
lands account for 30% of the primate range, and 71% of primate species inhabit these lands. As their range on 
these lands increases, primate species are less likely to be classified as threatened or have declining populations. 
Safeguarding Indigenous Peoples’ lands, languages, and cultures represents our greatest chance to prevent the 
extinction of the world’s primates.

INTRODUCTION
A growing human population and globally expanding economic 
activities exert unsustainable demands on nature, resulting in wide-
spread deforestation, biodiversity loss, erosion of ecosystem services, 
and accelerating climate change (1). Consequently, about 1 million 
animal and plant species are threatened with extinction (2). This 
imperiled biodiversity includes the world’s nonhuman primates 
(primates from here on), our closest living biological relatives. 
Primates (prosimians, tarsiers, monkeys, and apes) are the third most 
speciose mammalian radiation (521 extant species; only Rodentia 
and Chiroptera have more species), are an essential component of 
forest biodiversity, and play important roles in the livelihoods, 
cultures, and belief systems of many societies worldwide. Primates 
are present in 91 countries in the Neotropic (178 species), Afrotropic 
(mainland Africa 107 species; Madagascar 107 species), and Indo- 
Malayan (130 species) realms (Fig. 1 and tables S1 to S6) (3). Across 
these biogeographic regions, primates inhabit a wide range of 
tropical, subtropical, and temperate forests, as well as woodlands 

and savannas. Overall, 97% of primate species (n = 508) exploit 
ranges that include forested environments (3). Across these biomes, 
primates play a critical role in supporting community-wide ecological 
functions, processes, and services (e.g., seed dispersal, pollination, 
carbon sequestration, and predator-prey relationships) that sustain 
healthy ecosystems benefiting local human communities (4, 5). 
Disturbingly, ~68% of primate species for which data are available 
are in danger of extinction (listed as Vulnerable, Endangered, and 
Critically Endangered), while 93% have declining populations (3). 
In the past 5 years, the number of primate species considered threatened 
has increased by 8%, and primates currently represent the most 
vulnerable large taxonomically diverse mammal group [in comparison, 
Rodentia has 17% of species threatened and Chiroptera, 21%; (3)]. 
Moreover, given their relatively slow life history, long interbirth 
interval, and that most species give birth to a single infant, in 
many forest communities, primates are considered “indicator” or 
“sentinel” species, warning of the deleterious effects of hunting and 
habitat conversion on biodiversity and ecosystems health (6–8).
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A key factor placing primate populations at risk is high deforesta-
tion rates (~11 million ha/year between 2001 and 2018 across the 
primate range) to satisfy the unsustainable demands of industrial 
societies for food and nonfood commodities (9, 10). Tropical deforesta-
tion accounts for 20 to 25% of total human-generated greenhouse gas 
emissions worldwide and the overwhelming majority of emissions 
in many primate habitat countries (11). A global assessment of 
forest loss in the tropics indicates that between 2000 and 2010, the 
proportion of forest edge increased from 27 to 31% of the total 
forested area, resulting in a marked reduction in habitat connec-
tivity and an expansion of fragmented landscapes (12). Additional 
threats to primate populations are infrastructure development, urban 
expansion, climate change, human and domestic animal–borne 
infectious diseases, unsustainable subsistence hunting, the illegal trade 
of wild meat, body parts, and live individuals, and the dispossession 
(i.e., loss of residence, political, and economic control) of Indigenous 
Peoples from their traditional homelands (3, 4, 9, 13–16).

Indigenous Peoples represent a large proportion of the world’s 
contemporary cultural diversity, including ~3000 languages and 
systems of beliefs, knowledge, and relationships concerning humans 
and the rest of the natural world (17, 18). They account for 6% 
(~370 million to 476 million people) of the world’s population and 
live in 90 countries, principally in the tropics and subtropics 
[(19, 20); Supplementary Text for the definition of Indigeneity]. 
Indigenous Peoples manage some 38 million km2 of land and have 
been pivotal in safeguarding global biodiversity and mitigating 
climate change (21–24) by contributing to global carbon sequestra-
tion through collective ownership of forested lands. Some 24% of 
global carbon stored above ground in the world’s tropical forests 
[~54.5 million metric tons of carbon (MtC)] is estimated to be 

managed by Indigenous Peoples and local communities (19, 25). 
Across seven Amazonian countries, Indigenous Peoples’ lands store 
more than 50% (41,991 MtC) of the region’s carbon (26), illustrating 
the importance of Indigenous stewardship for sustainable forest 
management and global climate stability (19, 27).

Indigenous Peoples have a long and collective ancestral relation-
ship to their lands and natural resources. This relationship is 
grounded in their beliefs, practices, systems of knowledge, and 
social norms, which in turn are dependent on their physical, cultural, 
and spiritual well-being and the resilience of the ecosystems in 
which they live (28–30). Given that a substantial proportion of the 
world’s biodiversity inhabits lands managed by Indigenous Peoples, 
there is a growing recognition among researchers and conserva-
tionists that Indigenous perspectives, knowledge systems, and 
histories hold globally important conservation lessons (24, 31, 32). 
Many Indigenous leaders, scholars, and knowledge holders have 
been making this case for decades (if not longer) and raising aware-
ness of the biocultural value of their lands (33, 34). For example, 
in many cases, Indigenous histories of land use, occupation, and 
management have resulted in “landscape domestication” (35), with 
the species composition of standing forests being altered to benefit 
human needs with minimal disruption to community-wide ecological 
functions and the region’s conservation value (36). Biodiversity 
decline is significantly lower on Indigenous Peoples’ lands than 
in other areas across the globe (2, 37). On the basis of the Human 
Footprint Index (which evaluates measures of human population 
density, roads, rail, and electrical power–generating infrastructures, 
agricultural and pasture lands, and the built environment associated 
with cities and towns), 45.2% of Indigenous Peoples’ lands are charac-
terized as having a low human impact on the environment (23).

Fig. 1. Selected primate species in the Neotropics, Afrotropics, and Indo-Malayan realm whose distributional ranges intersect Indigenous Peoples’ lands. 
Shown also is their IUCN conservation status (CR, Critically Endangered; VU, Vulnerable; EN, Endangered; LC, Least Concern). (A) Neotropics: 1, Northern muriqui (Brachyteles 
hypoxanthus), CR (photo credit: Priscila Pereira); 2, Colombian night monkey (Aotus lemurinus), VU (photo credit: Juan Felipe León León); 3, Black-capped capuchin 
(Sapajus apella), LC (photo credit: Joan de la Malla); 4, Munduruku marmoset (Mico munduruku), VU (photo credit: Marlyson Costa. (B) Afrotropics: 1, Western gorilla 
(Gorilla gorilla), CR (photo credit: Rhett Butler); 2, Grivet monkey (Cholorocebus aethiops), LC (photo credit: Sarie Van Belle); 3, Western chimpanzee (Pan troglodytes), CR 
(photo credit: K.H.); 4, Spectacled Lesser Galago (Galago matschiei), LC (photo credit: Yvonne A. de Jong and Thomas M. Butynski). (C) Indo-Malay: 1, Sumatran 
orangutan (Pongo abelii), CR (photo credit: Perry van Duijnhoven); 2, White-headed langur (Trachypithecus poliocephalus), EN (photo credit Paul A. Garber); 3, Philippine 
Slow Loris (Nycticebus menagensis), VU (photo credit: Hery Sudarno); 4, Skywalker gibbon (Hoolock tianxing), EN (photo credit: Fan Peng-Fei). See tables S3 to S5 for spatial 
metrics for each of these species.
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Indigenous sociocultural identities are intricately interwoven 
with the plant, fungus, and animal species found on Indigenous 
Peoples’ lands (29). In this regard, the close evolutionary relation-
ship between humans and nonhuman primates, along with their 
long histories of coexistence in many parts of the world, has resulted 
in a vast body of traditional Indigenous knowledge of primate ecology 
and behavior, including rich representations of primates in local 
cultural and spiritual practices (38–41). Globally, ~36% of lands 
(11.6 million km2) with high environmental value (i.e., not strongly 
affected by human activities) and classified as Intact Forest Landscapes 
(42) are managed by Indigenous Peoples (22). The human popula-
tion density on Indigenous Peoples’ lands has seldom exceeded 1 to 
2 individuals/km2 [mean world population density in 2018 was 
~59/km2; (43)]. We note that, in the case of Indigenous communi-
ties, modeling indicates that it is less their overall population density 
and more the distribution of the population across the landscape that 
affects primate densities (44). For example, in areas of Amazonia, 
where nearby Indigenous communities hunt primates across 
common areas of overlap using guns (see discussion of source-sink 
dynamics below), large-bodied primate species experience popula-
tion decline. In contrast, when Indigenous communities rely on 
more traditional hunting technologies and space settlements across 
the landscape, large-bodied primate populations can persist at 
carrying capacity, even during periods of Indigenous population 
growth (44). Moreover, Indigenous communities traditionally have 
relied on multifaceted resource-based subsistence economies that 
focus on hunting and gathering, horticulture, and herding. In many 
cases, Indigenous Peoples tend to shift their patterns of land use 
seasonally or yearly and, in doing so, rarely exhaust or permanently 
undermine their natural resource base (45, 46).

Despite our understanding of the overall importance of Indigenous 
Peoples for conserving biodiversity, there is a lack of information 
on their role in safeguarding the world’s primate communities. For 
example, a recent study found that 60% of 4460 mammalian species 
had at least 10% of their range on Indigenous Peoples’ lands and 
that some 1000 species had over 50% of their range on Indigenous 
Peoples’ lands (23). However, the data were not evaluated by 
taxonomic group and, therefore, do not indicate the importance of 
Indigenous Peoples’ lands for primate conservation. Similarly, a 
global analysis examining the impact of the human footprint on 
over 5000 species of terrestrial vertebrates, including 1277 mammals, 
did not address the effects of anthropogenic change on primate 
survivorship (47). Given the impending extinction crisis faced by 
the over 500 primate species, and the role that primates play as 
indicators of ecosystem health (4), we combine information from 
the scientific literature on Indigenous and non-Indigenous land use 
with a spatial analysis of primate distributions to assess the role of 
Indigenous Peoples worldwide in protecting primate populations. 
Specifically, we examined four aspects associated with Indigenous 
Peoples well-being and primate survivorship: (i) Indigenous Peoples´ 
knowledge systems, cultures, and subsistence activities; (ii) the 
geographical overlap between primate range distributions and 
Indigenous Peoples’ lands, protected areas, and other lands (we 
define other lands as neither Indigenous Peoples’ lands nor protected 
areas) in the Neotropics, mainland Africa, Madagascar, and the 
Indo-Malayan realm; (iii) the effects of the human footprint on or 
near Indigenous Peoples’ lands and primate conservation; and (iv) 
the threat of land dispossession on both Indigenous Peoples’ liveli-
hoods and primate survivorship. In addition, we test the hypothesis 

that Indigenous Peoples’ lands in the Neotropics, mainland Africa, 
and the Indo-Malay realm contain significantly more primate 
species than expected by chance compared to equally sized areas 
randomly located across each realm.

We recognize that data on primate species biomass, population 
density, genetic variability, and precise estimates of areas of suitable 
habitat would offer the strongest evidence for a causative relation-
ship between Indigenous land management and primate population 
health (48). Such information, however, does not exist for most 
primate species. Therefore, we have relied on large and standardized 
datasets, including the International Union for Conservation of 
Nature (IUCN) shapefiles. In the case of primates, these distribution 
maps are based on expert knowledge of verified species locations. In 
this regard, they represent an improvement from other spatial 
metrics used in the IUCN Red List to assess species extinction risk 
such as the extent of occurrence (i.e., EOO, a minimum convex 
polygon that includes all recorded locations of the species range) 
and the area of occupancy [AOO, the area actually occupied by a 
species; see the IUCN Standards and Petitions Committee 2022 (49) 
and Supplementary Text for a discussion of the strengths and limita-
tions of using different spatial estimates to assess a species distribution]. 
In the present study, we combined spatial analyses using the IUCN 
dataset with information on the number and occurrence of IUCN 
threatened (Vulnerable, Endangered, and Critically Endangered) 
primate species on Indigenous Peoples’ lands, protected areas [from 
the World Database for Protected Areas, (50)], and on other lands, 
as an indication of the value of these areas in promoting primate 
persistence.

The definition of Indigeneity adopted here is consistent with 
other recent studies of Indigenous Peoples (21, 23) and aligns with 
that found in the International Labor Organization Indigenous and 
Tribal Peoples Convention 1989 (No. 169) Article 1 [(51); Supple-
mentary Text]. This definition does not include communities of people 
that manage resources in ways similar to others who are formally 
recognized as Indigenous Peoples but do not identify or are not 
identified as Indigenous. In doing so, we note that local communities 
in Madagascar, a country of exceptional significance with over 100 
species of primates, do not meet the definition of Indigenous 
Peoples by the International Labor Organization Indigenous and 
Tribal Peoples Convention 1989 (No. 169) Article 1 (Supplementary 
Text). Madagascar has many local communities that maintain 
intergenerational connections to place and nature through their 
livelihoods, cultural identities, worldviews, institutions, and ecological 
knowledge (52). Although many of these communities share certain 
characteristics with Indigenous Peoples (e.g., long histories of place- 
based living, subsistence economies, and distinct cultural practices), 
they do not self-identify as Indigenous. The academic literature 
refers to them as non-Indigenous local communities [e.g., (53, 54)]. 
Consequently, we treat Madagascar separately from all other primate 
regions in most of our analyses (see below).

INDIGENOUS PEOPLES’ TRADITIONAL KNOWLEDGE SYSTEMS 
AND PRACTICES AND PRIMATE CONSERVATION
Sustainable land use
Most Indigenous communities have developed land-use systems 
that promote three notable features vital for sustainability: (i) high 
levels of biodiversity, (ii) socioecological resilience, and (iii) stable 
stewardship over long periods. The formation of landscape mosaics 

D
ow

nloaded from
 https://w

w
w

.science.org on M
ay 15, 2023



Estrada et al., Sci. Adv. 8, eabn2927 (2022)     10 August 2022

S C I E N C E  A D V A N C E S  |  R E V I E W

4 of 19

under Indigenous management is critical in maintaining and pro-
moting biodiversity (17, 22, 24, 55–57). Indigenous resource use 
strategies result from the intergenerational transmission of knowl-
edge, are often communicated through oral histories, and encompass 
traditional systems of species and landscape classification, sustainable 
resource use, and symbolic ritual and religious practices. These systems 
have enabled Indigenous societies to persist for millennia in a wide 
range of environments, often through coexistence with local bio-
diversity, including primates (32, 58, 59). Most traditional knowledge 
is linguistically exclusive such that each Indigenous language en-
capsulates and represents unique information concerning plants, 
animals, landscapes, and their sustainable management (18, 60–62).

Many Indigenous Peoples practice low impact and resilient 
land use, which often includes patterns of spatial and temporal 
resource rotation and landscape management, incorporated within 
sociocosmologies that value and promote biodiversity (Fig.  2) 
(17, 29, 45, 46, 55, 63–65). An assessment of vertebrate biodiversity 
in Brazil, Canada, and Australia found that Indigenous Peoples’ 
lands and protected areas were more species rich than a random set 
of other lands of similar size. Within each country, species richness 
was highest on Indigenous Peoples’ lands and lowest on other lands 
(31). Moreover, a geospatial analysis of the nine countries that comprise 
the Amazon basin found that from 2000 to 2015, 8% of deforestation 
occurred on Indigenous Peoples’ lands, 7% in protected areas, and 

83% on other lands (29, 66–69). In Brazil, more than half of all 
Indigenous Peoples’ lands (n = 587 of the 690 Indigenous territories 
recognized by the national government) retain 90% of their natural 
vegetation. Within a 10-km buffer of Indigenous Peoples’ lands, 
natural vegetation cover has been reduced to 52% (70). Several 
geospatial analyses across the Amazon basin have shown that 
Indigenous Peoples’ lands play a fundamental role in buffering against 
deforestation and forest degradation (29, 66–69, 71). In addition, 
data collected over a 34-year period found that natural vegetation 
conversion in Brazil was lower in protected areas and areas governed 
by Indigenous Peoples than on other lands (72). These current 
trends are reinforced by archaeological data on human alteration of 
Amazonian tropical forests over the past 5000 years. Over many 
millennia, Indigenous Peoples were primary actors, knowledge 
holders, managers, stewards, stakeholders, and decision makers over 
their lands, and coexisted with and helped sustain large expanses of 
comparatively unmodified forests (32, 73). As the species richness 
of primates usually increases with the landscape-scale cover of old-
growth forests (74–76), primates benefit from minimally disturbed 
forests and areas of low human population density, conditions 
often present on Indigenous Peoples’ lands (77).

Primate hunting by Indigenous Peoples
Traditional foods are those that Indigenous Peoples consume locally 
and are embedded in systems of ontology, cultural knowledge, and 
beliefs. These foods are procured through farming, herding, or the 
harvesting of plants, animals, and fungi (78–81). Within Indigenous 
communities, hunting lore, behavioral proscriptions, and food 
taboos often emphasize environmental balances, and reciprocal 
exchanges between humans, prey species, and other nonhuman 
beings. These, at least in principle, constrain excessive hunting and 
can facilitate sustainable ecosystem relationships (63, 82, 83). More-
over, although overhunting and climate change were likely factors 
leading to the extinction of several species of large-bodied mammals 
during the late Pleistocene and early Quaternary in North America, 
South America, and Madagascar, it is likely that unsustainable 
predator-prey relationships developed when naïve prey encountered 
human hunters for the first time (84, 85). This contrasts with the 
situation with many Indigenous Peoples today, who now have long 
histories in their homelands. In Amazonia, for example, many 
Indigenous Peoples consider primates to be fundamentally human 
in their origins and underlying essence (41). Even when used as a 
source of meat, they commonly occupy a unique role in mythology, 
culture, and pet-keeping practices (41, 86). Among the Awá-Guajá 
people of Brazil, for example, the fundamental humanity of howler 
monkeys is evident both in the way they are hunted (which involves 
reciprocal “singing” between humans and howlers) and in adopting 
orphaned howler monkey juveniles as pets in their settlements, 
where these primates and other wild animal pets often “surpass the 
number of human beings” (86). In some cases, food taboos involv-
ing primates appear to be rooted not in conservation considerations, 
but rather as a strategy to avoid zoonotic diseases or avoidance of 
foul-tasting meat (52, 86).

Primate hunting has been critical to the food sovereignty of 
Indigenous Peoples for thousands of years (87–91). In the Neotropics, 
primates are among the three most numerically dominant orders 
of prey mammals hunted by the Waorani (92, 93), the Waiwai 
(6, 94, 95), the Waimiri (96), the Kayapó (97), the Matis (98), the Shuar 
(99), and the Matsigenka (100). The Aguaruna target yellow-tailed 

Fig. 2. Indigenous Peoples’ sustainable use of natural resources. (A) Summary 
of critical concepts in Indigenous Peoples’ sustainable use of natural resources 
favoring biodiversity and primate conservation. Indigenous Peoples’ knowledge 
systems are transmitted orally from generation to generation (61). (B) Example of 
ecological engineering by Lancandon Indigenous Peoples of southern Mexico 
involving the sustainable use of natural resources. “Milpa” is a crop-growing system 
used throughout Mesoamerica. Lacandon Indigenous Peoples’ flow diagram based 
on information in (247). Photo by A.E. taken with Lacandon Indigenous Peoples’ 
informed consent.
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woolly monkeys (Lagothrix flavicauda) for their festivals, in part, to 
make headdresses and for meat (101). The Canelos Kichwa target woolly 
monkeys (Lagothrix spp.) during their hunting hista festival, which 
“lasts for four days and is preceded by weeks of preparation, during 
which long hunting trips to provide meat for the celebrations play a 
central role” (102). In central African forests, the most consumed 
terrestrial mammals by all hunters are ungulates (40 to 80% of 
offtake biomass), rodents (10 to 30%), and primates (4 to 30%) 
(103–106). Patterns of primate hunting by Indigenous Peoples in 
Asia are less well studied than in Amazonia and Africa (107–109). 
Generally, pigs, ungulates, and primates are the most frequently 
harvested taxa across the region (45, 110, 111), with primates more 
highly preferred by Indigenous groups such as the Iban, Jahai, and 
Mentawai in Southeast Asia and the Mishmi, Meyor, and Nyishi of 
South Asia (87, 92, 93). Among Indigenous communities in Asia, 
primate hunting preferences vary considerably in response to 
religious taboos, the prevalence of crop raiding by primate species, 
and the local use of primate body parts for traditional medicines 
(112). In particular, primates such as gibbons, langurs, and orangutans 
are frequently hunted for food, for traditional medicine, or as pets 
(113–115). Historically, most Indigenous Peoples hunted for sub-
sistence purposes, but externally imposed political/economic 
conditions, land dispossession, and high demand for primate (and 
other wildlife) parts by consumers in countries such as China have 
increased commercial hunting, potentially altering the sociocultural 
contexts and constraints for primate harvesting (116). For example, 
bushmeat hunting of primates for sale in local markets has become 
more common in some areas, particularly in central Africa (104, 117). 
In Asia, the internet has created a new and expanding illegal market 
for primates as pets (118, 119).

Not all primate hunting is sustainable. However, the greatest 
threats to primates globally are not from Indigenous communities 
but from unsustainable non-Indigenous hunting, deforestation, and 
industrial agriculture (e.g., palm oil), in addition to transport and 
hydroelectric infrastructure development. These actions are supported 
by national governments, agribusinesses, and international financial 
institutions (9, 14). Primates, particularly larger-bodied species, are 
vulnerable to overhunting due to their relatively low reproductive 
rates and extended period of juvenile development (90, 120, 121). 
Thus, at some sites where Indigenous hunting occurs, densities of 
large- and medium-bodied taxa have been reduced by 20 to 60% 
(121–125). Indigenous hunting has directly led to local extinctions 
of primate species such as orangutans at several sites in Borneo 
(114). Similarly, central Amazonian Indigenous hunters may 
have led to the extirpation of primates like black spider monkeys 
(Ateles paniscus) in the Solimões-Rio Negro river interfluvium 
before European conquest (82). More recently, engagement with 
the global economy has meant that some Indigenous and other 
traditional peoples with access to commercially valuable faunal 
resources have become engaged in regional or even international 
markets for wild animal meat, hides, or parts, with potentially 
devastating effects on tropical biodiversity (126, 127).

The widespread adoption of firearms by Indigenous and other 
hunters worldwide is a major technological transformation that can 
lead to the local extinctions of large-bodied primates and other vul-
nerable prey (97, 128), a factor often overlooked in anthropological 
studies of Indigenous hunting ideology (82). Numerous authors have 
argued that changes in Indigenous hunting techniques (from blowguns 
and bows and arrows to firearms) increased assimilation into the 

cash economy, and increases in human population size have pushed 
even Indigenous hunting to unsustainable levels (44, 129–132). 
However, other assessments indicate that technology (i.e., guns 
versus bow and arrow) and the spatial overlap of hunting zones 
between adjacent settlements—but not human population growth 
per se—are the primary factors in primate population decline in 
Amazonia. At one site, the introduction of firearms so severely 
depleted large-bodied primate populations that hunting efficiency 
(measured in kilogram harvested per hour) dropped to pre-firearm 
levels within only 7 to 15 years (7). Therefore, without the appropriate 
cultural safeguards, any short-lived increase in human welfare 
brought about by firearms is counterbalanced over the long term by 
a marked increase in the rarity of primate species (82), a decrease in 
ecosystem services, and a disruption of the long-term well-being 
and livelihoods of Indigenous communities (133).

However, many Indigenous Peoples practice tacit or explicit 
social and ecological controls that serve to reduce their impact on 
harvest-sensitive species ( Fig. 2) (134). Although primates represent 
an essential source of wild meat for many Indigenous Peoples, low 
human population densities on Indigenous Peoples lands, manage-
ment practices that favor the maintenance of standing forests, less 
efficient traditional weaponry, food taboos, and other cultural norms 
have facilitated the long-term survival of primates and other vul-
nerable wildlife on Indigenous Peoples’ lands (32, 113,  134–136). 
The Matsigenka people of Manu National Park, Peru, for example, 
refrain from hunting monkeys during the dry season, preferring to 
wait until the rainy period when species “fatten” on ripe fruits, thus 
giving vulnerable taxa a seasonal reprieve (82, 137). Indigenous 
Peoples of the upper Xingu River practice some of the most exten-
sive food taboos of any peoples of Amazonia, including a near-total 
avoidance of consuming large primate species (82). In the western 
Amazon, the Cocama (Kukama) people of the Samiria River adapt 
to seasonal declines of wild meat populations by markedly reducing 
the hunting of primates and other large mammals and expanding 
their fishing activities. This allows mammal populations to recover, 
facilitating more sustainable management of natural resources 
(Fig. 2) (134, 138).

Tzeltal and Mestizo hunters in the Lacandon Forest, Chiapas, 
Mexico rarely hunt primates, as they claim that “monkeys look like 
small people” (139). The Baka people of Cameroon consider the 
gorilla and chimpanzee to be special animals related to humans 
through reincarnation (140). In the ontologies of several Indigenous 
forager peoples of the Congo basin, primates often cross interspecies 
boundaries between humans and nonhumans [e.g., (141–143)]. Not 
surprisingly, many of these Indigenous populations hunt fewer 
primates than nontraditional populations of the Congo: In a multisite 
comparison of hunting between Indigenous and non-Indigenous 
communities throughout central Africa, Indigenous hunters harvested 
primates (4% of offtake) much less frequently than non-Indigenous 
hunters (16%) (Table 1) and sold a considerably smaller per-
centage of their harvest (35%) than did non-Indigenous communities 
(65%) (103).

Indigenous hunting is mostly consistent with a central place 
foraging model such that hunters create local “sinks” within a 10- to 
15-km radius around settlements (depending on the spatial spread 
of hunters) that are replenished as animals disperse from unhunted 
“source” areas, which sometimes include sacred landscapes, outside 
the sink radius (6, 44, 94, 144, 145). These source-sink dynamics can 
contribute to sustainable hunting over long periods with limited 
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large-scale faunal depletion (Supplementary Text and fig. S1) 
(6, 24, 29, 80, 83, 93, 135–138, 146–149). Moreover, if the human 
population density of colonists bordering Indigenous Peoples lands 
is relatively low, even vulnerable primate species and ecosystems 
can persist by repopulating from distant, nonhunted zones (44, 133). 
As long as Indigenous Peoples’ lands remain under Indigenous 
Peoples’ sovereignty, this natural mechanism of species recovery 
can be enhanced by community-based management of subsistence 
hunting in areas where the forest cover is largely intact (44, 82, 150).

GEOGRAPHICAL OVERLAP OF PRIMATE DISTRIBUTIONS 
ON INDIGENOUS PEOPLES’ LANDS, PROTECTED AREAS, 
AND OTHER LANDS
Given the role of Indigenous Peoples in environmental stewardship, 
we conducted a spatial analysis of primate species distributions, 
primate species’ diversity, and primate species conservation status 
on Indigenous Peoples’ lands, protected areas, and other lands. The 
results indicate that the global primate range encompasses ~46 mil-
lion km2. Mainland Africa has the largest area (40%) of the global 
primate range followed by the Neotropics (30%), the Indo-Malayan 
(24%) realm, and Madagascar (1%) (Table 1 and Fig. 3). Indigenous 
Peoples’ lands account for 30% of the primate range, protected areas 
23%, and other lands 47% (Fig. 3 and table S1). In the Indo-Malay 
realm, Indigenous Peoples’ lands account for ~36% of the primate 
range, in mainland Africa ~33%, and in the Neotropics ~21%. In 
contrast, protected areas account for ~35% of the primate range in 
the Neotropics, ~22% in mainland Africa, and only ~9% in the 
Indo-Malay realm. Across these regions, other lands account for 
between 44 and 55% of the primate distribution (Figs. 3 and 4A, 
Table 1, and table S1). Overall, Indigenous Peoples’ lands overlap 
the ranges of 71% of the world’s primate species.

We tested the hypothesis that Indigenous Peoples’ lands in 
the Neotropics, mainland Africa, and the Indo-Malay realm each 
contain significantly more primate species than expected by chance 
compared to equally sized random locations across each ecoregion. 
To accomplish this, we created polygons the same size as those of 
Indigenous Peoples’ lands and placed them randomly across a given 
primate ecoregion. Then, we compared the expected species rich-
ness of these randomly located polygons with the actual primate 
species richness on Indigenous Peoples’ lands. The procedure was 
repeated 100 times per primate ecoregion to determine the proba-
bility of the null hypothesis, namely, that Indigenous Peoples’ lands 
contain the same number of primates species as any other equally 
sized area, including protected areas and other lands in that region. 

We found evidence of significantly greater primate species richness 
on Indigenous Peoples’ lands than in protected areas and other 
lands in the Neotropics (observed richness = 170 species; expected 
richness = 160 species; standardized mean difference  = 1.873; 
P < 0.01) and in the Indo-Malayan region (observed richness = 106; 
expected richness = 81;  = 3.32; P = 0.00). In the Neotropics, 41% 
(n = 70) of primates species have 25 to 75% of their distribution on 
Indigenous Peoples’ lands (only 30% of these species are threatened; 
table S2). In the Indo-Malayan realm, 85% (n = 88) have 25 to 100% 
of their range on Indigenous Peoples’ lands (92% of these species 
are threatened; table S4).

A different pattern of species richness characterized mainland Africa. 
In Africa, primate species richness on Indigenous Peoples’ lands was 
not greater than expected (observed richness = 86 species; expected 
richness = 89;  = −0.278; P = 1.00). The results for Africa can be 
explained by the fact that protected areas in Africa are extremely pri-
mate species rich. Despite representing a smaller percentage of the land 
area than Indigenous Peoples’ lands, protected areas in mainland Africa 
contain 195 primate species, whereas Indigenous Peoples’ lands con-
tain only 87 primate species (table S3). We found that 45% (n = 38) 
of these 87 species have between 25 and 82% of their total distribu-
tion on Indigenous Peoples’ lands (50% are threatened; table S3).

According to the Convention of Biological Diversity, many 
Indigenous Peoples’ lands can be considered as “other effective 
area-based conservation measures” (OECMs). OECMs are defined 
by the Convention of Biological Diversity as “a geographically 
defined area other than a Protected Area, which is governed and 
managed in ways that achieve positive and sustained long-term out-
comes for the in situ conservation of biodiversity, with associated 
ecosystem functions and services and where applicable, cultural, 
spiritual, socioeconomic, and other locally relevant values” (151, 152). 
Our spatial analyses revealed that alongside nationally protected 
areas, Indigenous Peoples’ lands considerably add to the natural 
habitat occupied by primate populations (Fig. 4A and tables S1 to 
S4). In addition, we found that the percentage of primate species 
classified by the IUCN as Critically Endangered is significantly lower 
for primate species whose ranges overlap Indigenous Peoples’ lands 
than for those whose range does not overlap Indigenous Peoples’ 
lands (Neotropics, 40 versus 8%; mainland Africa, 35 versus 5%; 
Indo-Malayan region, 32 versus 17%) (Fig. 4, D and E and table S5). 
It is clear that national governments must engage with Indigenous 
leadership to create mutually agreed-upon policies that support 
Indigenous Peoples’ land tenure and management practices, enhance 
local and national primate conservation, and promote healthy 
ecosystems and the well-being of Indigenous people.

Table 1. Global primate range. Estimated area in square kilometers (millions) of the primate distributional range, IPLs, PAs, and OLs. IPL∩PA indicates the area 
common to both IPLs and PAs. “IPLs alone and PAs alone” refers to the extent of each area type that does not overlap the other, that is, their exclusive area. 
Although according to the International Labor Organization Indigenous and Tribal Peoples Convention  1989 (No. 169, Article 1) (51), Madagascar has no 
Indigenous Peoples, it is included here for comparison with the other regions in terms of the extent of primate ranges and protected areas. 

Total primate range IPLs total PAs total OLs IPL∩PA IPLs alone PAs alone No. of PAs No. of PAs in IPLs

Neotropics 14.4 3.0 5.2 6.3 2.2 0.8 2.9 5416 1734

Mainland Africa 20.0 6.6 4.4 9.1 1.5 5.1 2.9 6229 1837

Madagascar 0.46 – 0.07 – – – – 171 –

Indo-Malayan 11.2 4.4 1.0 6.0 0.5 3.7 0.5 4942 1070

Global 46.0 14.0 10.6 21.4 4.2 9.6 6.3 16,758 4641
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Globally, the ranges of 362 primate species (71% of the world’s 
primate species) intersect Indigenous Peoples’ lands (Fig. 4, A and B, 
and tables S2 to S4). Of these, 48% are from the Neotropics, 28% are 
from the Indo-Malayan realm, and 24% are from mainland Africa. 
These species also have part of their ranges intersecting protected 
areas and other lands (tables S2 to S4 and fig. S3). We found no 
primate species whose range is only on Indigenous Peoples’ lands. 
The ranges of the remaining 151 primate species (29%) do not overlap 
with any Indigenous Peoples’ lands (Fig. 4C and table S5). Of these, 
71% are from Madagascar, 13% are from mainland Africa, 13% are 
from the Indo-Malayan region, and 3% are from the Neotropics 
(table S5). While 93% of the 151 primate species whose ranges do 
not overlap with Indigenous Peoples’ lands are classified as threatened 
(Vulnerable, Endangered, Critically Endangered) by the IUCN, only 
55% of the 362 primate species whose ranges intersect Indigenous 
Peoples’ lands are threatened. Similar patterns are evident for each 
primate region (Fig. 4D and tables S2 to S4).

We note that these results are partially driven by the heavy 
representation of lemurs among threatened primates and the fact 
that there are no areas classified as Indigenous Peoples’ lands in 
Madagascar (table S6). However, even when the lemurs of Madagascar 
are removed from the analysis, 88% (38 of 43 species for which data 
are available) of primates species in Africa, the Neotropics, and the 
Indo-Malay realm, whose ranges do not overlap Indigenous Peoples’ 
lands, are threatened with extinction (table S5), compared to 55% of 
primate species whose ranges overlap Indigenous Peoples’ lands. 
Moreover, the number of primate species classified as threatened by 
the IUCN decreases from 20 to 5% as the extent of that species range 
on Indigenous Peoples’ lands reaches 75% (Fig. 4D). A similar 

pattern is evident regarding the number of primate species classi-
fied by the IUCN as having decreasing populations. As the extent of 
their range on Indigenous Peoples’ lands increases, fewer primate 
species are classified as having declining populations (reduction 
from 26 to <3%; Fig. 4E). Analogous trends are evident for each 
primate region (fig. S4). Although the evidence presented here is 
correlative, these data offer strong support for the contention that 
Indigenous Peoples’ lands provide essential safeguards for primate 
species population persistence.

Madagascar represents an unusual situation for primates. 
Madagascar maintains 107 endemic species of lemurs (20.5% of all 
primate species), and some 90% of its original forest has been lost. 
Approximately 96% of Malagasy primate species are listed by the 
IUCN as threatened, and 100% have declining populations (table 
S6). Data contained in table S6 indicate that there are 22 Malagasy 
primate species that have 100% of their range on protected lands. 
Each of these 22 species is threatened (10 are Critically Endangered, 
11 are Endangered, and 1 is Vulnerable). There are no differences in 
the conservation status of Malagasy primates living in protected 
reserves or on other lands. In addition, although many ethnic groups 
in Madagascar practice community forest management (CFM), a 
study by Rasolofoson et al. (153) found that deforestation on CFM 
lands was not significantly lower than on non-CFM lands (0.02% 
less deforestation on CFM lands). Therefore, regardless of whether 
Malagasy primates live in protected areas or on other lands, including 
those managed by non-Indigenous ethnic communities, they are 
threatened with extinction. It appears that historical factors associated 
with colonization have played a major role in deforestation, land 
conversion, and lemur decline across Madagascar. For example, 

Fig. 3. Global geographic overlap among primate distributions, Indigenous Peoples’ lands, and protected areas. The primate species range data source was the 
IUCN Red List 2021. The number of primate species per realm is indicated to the immediate right or left of that region. We defined species richness as the overlap of the 
polygons describing the geographic distributions of all primate species onto a cell grid of 0.5° resolution in latitude and longitude. Numbers by each region refer to 
the number of primate species present. The source of data on Indigenous Peoples’ lands is from (21). Protected areas from Protected Planet (50). For this spatial analysis, 
we did not separate protected areas into their different categories; we considered categories I to VI as a group. The resolution may be inexact because boundaries 
between Indigenous and other lands are often contested. Given Madagascar’s unique situation regarding no Indigenous Peoples, we estimated that its primate range 
encompasses an area of ~0.469 million km2 or 80% of Madagascar’s land area (ca 587,041 km2); protected areas account for 17% of the primate range and other lands 83% 
(Table 1 and fig. S5).
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between 1895 and 1925, three-fourths of the island’s primary forests 
were cleared (154). From 1950 to 1985, deforestation rates in the 
eastern rainforest of Madagascar averaged 1.5% per year (155). 
Some 61 lemur species inhabit the eastern rainforest (3), and their 
ultimate survival is dependent on protecting Madagascar’s remaining 
natural forests.

Worldwide, the distribution of Indigenous Peoples’ lands varies 
greatly across primate range countries, something necessary to 
consider in designing effective policies to promote primate conser-
vation (Fig. 5 and table S1). In the Neotropics, 6 of 20 primate range 
countries (Brazil, Venezuela, Colombia, Peru, Bolivia, and Mexico) 
account for ~86% of the primate distribution on Indigenous Peoples’ 
lands (ca. 2.8 million km2) (Fig. 5 and table S1). In mainland Africa 
(45 countries), Mali, Ethiopia, Nigeria, Chad, Niger, and Democratic 
Republic of the Congo (DRC) make up ~62% of the primate range 
on Indigenous Peoples’ lands (6.5 million km2) (table S2). In the 
Indo-Malayan region (23 countries), China, India, Indonesia, 
Pakistan, Myanmar, and Thailand account for ~81% of the primate 

range on Indigenous Peoples’ lands (4.3 million km2) (Fig. 5 and 
table S1). Although the most effective conservation solutions require 
input and consensus at the country, regional, and local levels, 
strengthening Indigenous land rights will have particular benefits 
for primate species and populations in these countries.

HABITAT CONVERSION, INDIGENOUS PEOPLES’ LANDS, 
AND PRIMATE CONSERVATION
In many tropical regions, large-scale land conversion of native 
vegetation for industrial, agricultural, and natural resource extraction 
by multinational corporations, and with the support of national 
governments, has resulted in severe habitat loss and degradation. 
These are major threats to primate populations (4, 9). These same 
factors imperil Indigenous Peoples’ lands, languages, cultures, 
systems of knowledge, and livelihoods (62, 156). Given projected 
increases in human population growth, infrastructure development, 
mega-dam construction, and the unsustainable demands of consumer 

Fig. 4. Spatial distribution of Indigenous Peoples’ lands and the conservation status of primate species that inhabit these lands. (A) Euler plots of the intersection 
between Indigenous Peoples’ lands (IPLs) and protected areas (PAs) across the distributional range of primates globally and in each realm. Circles and areas of intersection 
in the global and ecoregion plots are proportional to the area of the natural range of primates (global, ~46 million km2; Neotropics, ~14 million km2; mainland Africa, 
~20 million km2; Indo-Malayan realm, ~12 million km2; Table 1). (B) Boxplots showing the global percent of primate species (n = 362) whose ranges intersect with IPLs, PAs, 
and other lands (OLs). Other lands may include non-Indigenous community lands and protected areas not included in the World Database on Protected Areas (21, 50). 
(C) Global percent of primate species whose range does not intersect Indigenous Peoples’ lands (n = 151; Neotropics, 5 species; mainland Africa, 20 species; Madagascar, 
107 species; and Indo-Malayan realm, 19 species). Also shown for these species is the percent of their range that intersects PAs and OLs (table S5). Boxplots for the Neotropics, 
mainland Africa, and Indo-Malayan region are presented in fig. S2. Original data are in tables S2 to S4. (D) Percent of primate species whose range overlaps with Indigenous 
Peoples’ lands’ and their IUCN conservation category. (E) Percent of primate species whose range overlaps with Indigenous Peoples’ lands and their IUCN population 
trend. IUCN conservation categories: DD, Data Deficient; LC, Least Concerned; NT, Near Threatened; VU, Vulnerable; EN, Endangered; CR, Critically Endangered; UK, 
Unknown; INCR, Increasing; STA, Stable; DECR, Decreasing. Source of IUCN data IUCN Red List (https://iucnredlist.org/). Bar graphs include the species from Madagascar 
since their ranges do not overlap Indigenous Peoples’ lands. See tables S2 to S6 for data on primate species in each primate range region.
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nations, ecosystem health across several primate species–rich regions, 
including the Atlantic Forest of Brazil, the Guinean Forests of West 
Africa, and most of South and Southeast Asia, is expected to continue 
to decline (3, 14, 157). To better understand the potential severity of 
critical anthropogenic threats to primates, Indigenous Peoples, and 
the environment, we used the most recent version of the Human 
Footprint (HF) database (157) to compare the degree of human 
pressure within Indigenous Peoples’ lands relative to adjacent areas. 
The HF provides a quantitative measure of the accumulated effects 
of the expansion of urban areas, croplands, pasture lands, human 
population density, nighttime lighting, roads, railways, and navigable 
waterways on the environment. Although the HF does not consider 
all factors that directly contribute to habitat degradation and pri-
mate population decline (i.e., fires, hunting, forest fragmentation, 
and capture for the pet trade), ecosystems characterized by a higher 
human footprint tend to be more fragmented, less species rich, and 
less resilient to additional habitat loss (158). The HF ranges from a 
score of 1 (minimal pressure) to a score of 50 (maximum pressure).

Following previous research (159, 160), we defined “intact land” 
as those areas with a Human Footprint value of <4. This threshold 
serves as a boundary beyond which anthropogenic activities signifi-
cantly change the habitat from largely natural to highly modified 
(159). We extracted information on the HF from 330,000 randomly 
selected locations inside Indigenous Peoples’ lands, within 10 km of 
Indigenous borders, and at distances of 10 to 25 km and 25 to 50 km 
from the border of Indigenous Peoples’ lands. Although the 
selection of these distances is arbitrary, we feel that they offer a 
reasonable measure of the impact of habitat conversion on lands 
immediately adjacent to and at greater distances to Indigenous 
Peoples’ lands. In our analysis, the number of random locations was 
proportional to the area contained in each of these four zones (56% 
of HF scores were located inside Indigenous Peoples’ lands, 12% 
within a 10-km buffer of Indigenous Peoples’ lands, 14% within a 

25-km buffer, and 19% within a 25- to 50-km buffer of Indigenous 
Peoples’ lands). We used binomial generalized linear models (GLMs), 
with intact land as the dependent variable and “zone” as a single 
predictor. Comparisons were performed for each primate region 
separately (Neotropics, Afrotropics, and Indo-Malayan realm).

We found that in the Neotropic and Indo-Malayan realms, the 
likelihood of having intact landscapes (HF value <4) within Indigenous 
Peoples’ lands was significantly greater than for all adjacent zones 
located up to 50 km from the borders of Indigenous Peoples’ lands 
(table S7). This suggests that it is not simply isolation/distance from 
developed areas that is driving these patterns. In contrast, the pro-
portion of intact land did not differ inside and outside of Indigenous 
Peoples’ lands in Africa (Fig. 6, top). In the Neotropics, the propor-
tion of intact lands was found to decrease with increasing distances 
from Indigenous Peoples’ lands, whereas in the Indo-Malayan 
realm the proportion of intact lands was relatively low and equal at 
distances from 1 to 50 km of the borders of Indigenous Peoples’ 
lands (Fig. 6A, top, and table S7). The fact that the proportion of 
intact land was lower in areas immediately outside (<10 km) of 
Indigenous Peoples’ lands in the Neotropic and Indo-Malayan realms 
reinforces the need to guarantee land rights to Indigenous Peoples 
to ensure that their territories are protected from further coloniza-
tion and deforestation (161).

The situation in Africa (relatively equal proportion of intact 
habitat inside and within 50 km of Indigenous Peoples’ lands) may 
be best explained by a combination of factors. For example, across 
parts of the Sahel and East Africa (fig. S7), a large proportion of 
people who identify as Indigenous are itinerant pastoralists (African 
Commission on Human and Peoples’ Rights 2006). Much of their 
land overlaps or intersects with altered agricultural landscapes 
occupied by non-Indigenous sedentary farmers and therefore has a 
high human footprint (21). In contrast, in Africa’s Congo basin, which 
maintains the largest area of tropical forest outside of Amazonia (162), 

Fig. 5. Percent of primate ranges across all primate range countries that overlap with IPLs, PAs, and OLs. (A) IPLs, (B) PAs, and (C) OLs (table S1). PAs refer to IUCN 
categories I to VI. Country profiles of IPLs and PAs in fig. S2. Original data in table S1. Primate silhouettes from www.phylopic.org.
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the human footprint inside and immediately outside of the bound-
aries of Indigenous Peoples’ lands has remained relatively small (fig. S7). 
Thus, historical differences in patterns of Indigenous transhumance 
and subsistence, along with regional differences in anthropogenically 
driven habitat conversion, serve to distinguish the conservation 
challenges faced by Indigenous Peoples and primates across the 
Neotropics, Africa, and the Indo-Malayan realm.

A critical driver of habitat change is linear infrastructure develop-
ment. Well-planned transportation infrastructures, such as roads 
and railways, can help improve a country’s local and national econ-
omy, improve access to essential services and markets, and increase 
global economic integration (163, 164). Yet, these infrastructure 
projects facilitate the movement of people into remote areas, often 
resulting in resource extraction, and highly fragmented and affected 
landscapes (15, 162). Current projections estimate that, by 2050, an 

additional 2 million km of roads will be built in primate range 
regions, with an average increase in road length of 16% in South 
America, 41% in Africa, and 25% in Asia (165). Many of these new 
infrastructure and transport connectivity projects are part of 
China’s one trillion USD Belt and Road Initiative (BRI) (166). Offi-
cially launched in 2013, the BRI is primarily intended to increase 
trade among China, much of Asia, Europe, and Africa. Similar 
infrastructure initiatives targeting low- and middle-income primate 
habitat countries, such as the G7’s ‘Build Back Better World’ (167), 
the European Union’s “Global Gateway” (168), and the Integration 
of Regional Infrastructure in South America (169), are designed to 
add or upgrade large numbers of roads, railways, mega-dams, 
powerlines, deepwater ports, and other infrastructures.

These massive infrastructure investments will create itinerant or 
permanent settlements of colonists, loggers, miners, poachers, agri-
cultural workers, and others, legally or illegally exploiting natural 
resources in these newly opened landscapes (170–172). This process 
will likely further disrupt natural ecosystems on the borders of and 
within Indigenous Peoples’ lands through water, air, and soil pollu-
tion, logging, habitat fragmentation, bush-meat hunting, the live 
primate trade, and the spread of zoonotic diseases and invasive 
species. This will create permanent barriers to primate dispersal 
and gene flow (173–178). A recent study identified 32 primate 
species that are considered highly vulnerable to the environmental 
impacts of infrastructure development, and whose distributional 
ranges already include a high density of transportation and energy 
infrastructures (14, 15). These include the Critically Endangered 
Tapanuli orangutan (Pongo tapanuliensis) found in Sumatra, 
Indonesia. This species has lost 95% of its historical range since 
1940. The remaining total population consists of less than 800 indi-
viduals, inhabiting a small, fragmented forest area (179). There is 
heightened concern worldwide that the proposed Batang Toru 
hydropower dam project will cause the extinction of the last remain-
ing population of this ape species (172). Similarly, the western 
chimpanzee (Pan troglodytes verus) is negatively affected by roads 
across 95.7% of its present geographical distribution, with the 
road-effect zone (i.e., the distance up to which the presence of 
major roads reduces the density of a species) estimated as 17.2 km 
(95% confidence interval, 15.8 to 18.6 km), which is three times greater 
than that of minor roads (180). Likewise, several primate species 
endemic to the Atlantic Forest of Brazil (which has lost some 70% of 
its original habitat) (181), including the Endangered golden lion 
tamarin (Leontopithecus rosalia), the Critically Endangered southern 
muriqui (Brachyteles arachnoides), and the Endangered blonde 
capuchin (Sapajus flavius), are threatened with extinction due to 
deforestation and infrastructure development (173). Moreover, 
major hydroelectric projects in tropical river basin systems such as the 
Amazon, Congo, and the Mekong, and the expansion of large-scale 
industrial agriculture and road networks by multinational corpora-
tions have resulted in the widespread displacement of Indigenous 
Peoples, leaving all remaining biodiversity and forest habitats 
vulnerable to invasion and overexploitation (9, 182, 183).

The potential benefits of roads and other infrastructures to 
Indigenous Peoples have seldom been quantified (184). However, 
an analysis of the expected environmental, social, and economic 
impacts of 75 road projects (ca. 12,000 km of new roads) planned for 
the Amazon region found that each project would negatively affect 
both the environment and the Indigenous Peoples living there (185). 
Road projects such as the “Capitán Augusto Rivadeneira–Reperado” 

Fig. 6. The Human Footprint, infrastructure density, Indigenous Peoples’ lands, 
and primate geographic distributions. (Top) Frequency of intact lands, i.e., areas 
with a Human Footprint <4, within IPLs and on lands immediately adjacent to IPLs: 
up to 10 km from IPL borders, 10 to 25 km from IPL borders, and 25 to 50 km from 
IPL borders, across the Neotropic, African, and Indo-Malayan realms. (Bottom) 
Infrastructure distribution across the Legal Amazon of Brazil (dark gray area in the 
inset). Infrastructure data were obtained from MapBiomas (https://mapbiomas.
org/en) and OpenStreetMap (https://openstreetmap.org/#map=4/38.01/-95.84). 
Together with state and federal roads, we also show energy infrastructures, mining 
areas, waterways (used for people and cargo transportation), main cities (size 
proportional to population), energy plants, and aerodromes. BR-319 is highlighted 
by the red arrow. IPLs and PAs are from TerraBrasilis (URL: terrabrasilis.dpi.inpe.br; 
accessed in May 2021). The road data in OpenStreetMap are ~83% complete. 
Therefore, our results may underestimate the extent of roads in the Brazilian Amazon. 
See fig. S6, Supplementary Text, and (248) for procedures.
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in Ecuador and the “Mitú–Monforth” and the “Puerto Leguizamo–
La Tagua” in Colombia would cut across Indigenous territories, 
opening the region to recurrent exploitation and deforestation by 
poachers, loggers, miners, agribusiness, and cattle ranchers (185, 186). 
Similarly, recent changes in government policy in the Brazilian 
Legal Amazon, an area covering ca. 115 million ha and home to 424 
Indigenous territories (186) and some 95 primate species (roughly 
75% of all primate species in Brazil, the world’s primate-richest 
country with 131 primate species), threaten to destabilize this criti-
cal ecosystem (3). The northern half of the Brazilian Legal Amazon 
is relatively free of infrastructure surrounding Indigenous Peoples’ 
lands; however, this is not the case on the southern rim, which is 
characterized by an arc of deforestation dominated by high-density 
infrastructures such as roads, pipelines, and powerlines (Fig. 6, 
bottom) on the boundary of Indigenous Peoples’ lands and protected 
areas (29, 77). In addition, a recent study found that in regions such 
as the Amazon, an increase in road density is expected to result in 
increased Indigenous economic dependency and the expansion 
of non-Indigenous government control over Indigenous communi-
ties. This will limit the ability of Indigenous Peoples’ to fully engage 
in their traditional lifestyle and cultural practices, resulting in the 
endangerment and loss of numerous Indigenous languages (187).

Even in those cases in which infrastructure projects remain out-
side of Indigenous Peoples’ lands, they facilitate access to the core 
areas of these lands and therefore promote extractive activities, land 
dispossession, and the spread of disease (188). One example is the 
paving of BR-319, a highway cutting through Brazil’s Amazon (Fig. 6, 
bottom) between Porto Velho, an area already heavily deforested, 
and Manaus, a city of over 2 million people. Once completed, this 
highway, together with accompanying side roads, is expected to 
increase deforestation within 150 km of the road by over 1200% by 
the year 2100. This will severely fragment and isolate forested areas 
on 63 Indigenous Peoples’ lands that are home to at least 18,000 
Indigenous People (189). Assuming a road-effect zone of 150 km 
(188), at least 25 primate species will also likely be affected. Most 
notably, more than 66% of the distributional ranges of Pissinatti’s 

bald-faced saki (Pithecia pissinattii) and Nash’s titi (Plecturocebus 
stephennashi) will be negatively affected. The current conservation 
status of both species remains largely unknown (IUCN category 
Data Deficient).

Given the accumulated loss and fragmentation of natural 
habitat, biodiversity, and Indigenous sovereignty caused by an 
expanding human footprint across the global primate range (14, 190), 
immediate government actions and legislation are needed to miti-
gate these outside pressures on Indigenous Peoples’ lands and end 
land dispossession of Indigenous Peoples. Unfortunately, in primate 
range nations like Brazil, national legislation strengthening the ability 
of ranchers and business owners to assert legal claims over public 
lands, including Indigenous Peoples’ lands, while limiting the ability 
of Indigenous Peoples to delay or halt development, including 
infrastructure projects, mining concessions, and the expansion of 
industrial agriculture on their lands, is now law (70).

LAND DISPOSSESSION, INDIGENOUS PEOPLES,  
AND PRIMATE CONSERVATION
Land dispossession leads to the breakdown of Indigenous commu-
nities and their cultural, technological, and traditional practices. It 
erodes the languages and knowledge systems that have contributed 
to maintaining biodiversity for millennia (62). Dispossession also 
results in the loss of symbolic connections with nature and ances-
tors (Fig. 7) (32, 185, 188–191). This has occurred regardless of the 
United Nations Declaration on the Rights of Indigenous Peoples 
(UNDRIP), which recognizes that (i) “Indigenous peoples have the 
right to the lands, territories, and resources which they have tradi-
tionally owned, occupied or otherwise used or acquired” (192), (ii) 
“Indigenous Peoples have the right to own, use, develop and control 
the lands, territories, and resources that they possess because of 
traditional ownership or other traditional occupation or use, as well 
as those which they have otherwise acquired” [(185), article 26-2], 
and (iii) “States shall give legal recognition and protection to these 
lands, territories, and resources. And that such recognition shall be 

Fig. 7. Major global socioeconomic pressures on IPLs. (Left) Primary factors negatively affect the ecological integrity and ownership of IPLs resulting in land dispossession. 
(Right) Key consequences of land dispossession on Indigenous Peoples’ knowledge systems, culture, symbolic life, and well-being.

D
ow

nloaded from
 https://w

w
w

.science.org on M
ay 15, 2023



Estrada et al., Sci. Adv. 8, eabn2927 (2022)     10 August 2022

S C I E N C E  A D V A N C E S  |  R E V I E W

12 of 19

conducted with due respect to the customs, traditions and land 
tenure systems of the Indigenous peoples concerned” [(185), article 
26-3]. Moreover, article 10 of the Declaration states, “Indigenous 
peoples shall not be forcibly removed from their lands or territories. 
No relocation shall take place without the free, prior and informed 
consent of the Indigenous peoples concerned and after agreement 
on just and fair compensation and, where possible, with the option 
of return” [(193); see also (194)].

Notwithstanding their specialized systems of knowledge in 
managing their lands, Indigenous Peoples have rarely been given a 
voice or allowed to contribute to national or international decision- 
making. This has accelerated Indigenous land dispossession by indus-
try, government, ranchers, and agribusinesses (Fig. 7) (20, 195–200). 
In 2013, the United Nations reported that the tenure of 90% of the 
land in rural parts of the Afrotropics was undocumented and, there-
fore, susceptible to confiscation or other types of dispossession (201). 
Loss of land and access to forest resources, including medicinal 
plants and wild foods, has irreversibly altered the lives of, for example, 
Indonesia’s Indigenous Peoples, who have depended for thousands 
of years on these traditional resources (202, 203). The Orang Asli 
communities of Malaysia are permitted to reside in particular natural 
areas but cannot own these lands, and authorities can force them to 
abandon an area without compensation (204). In Sarawak, Malaysia, 
construction of the Bakun and Murum dams, the two largest dams 
in the country, required the relocation of 10,000 and 3400 Indige-
nous Peoples, respectively, the vast majority of which were removed 
involuntarily (205). This has devastating consequences on Indige-
nous Peoples’ sense of place, further weakening their cultures and 
identities. In addition, dam construction resulted in the flooding of 
almost 95,000 ha of biodiverse forest, home to threatened primate 
species such as the Bornean gibbon (Hylobates muelleri), the pro-
boscis monkey (Nasalis larvatus), the Bornean banded langur 
(Presbytis chrysomelas), the silvery lutung (Trachypithecus cristatus), 
and the Bornean orangutan (Pongo pygmaeus) (205).

Highly biodiverse Indigenous Peoples’ lands also attract many 
external conservation agents, both governmental and nongovern-
mental, who also often fail to respect Indigenous rights (206, 207). 
The gazettement of conservation areas is one of the primary causes 
of land dispossession of Indigenous Peoples’ territories worldwide 
(208, 209). As part of an ongoing legacy of colonial intervention 
(210), some mainstream conservation efforts often consider local 
and Indigenous peoples as a counter to environmental conservation 
or discourage or hinder Indigenous communities from initiating 
conservation programs (211–214). These kinds of interventions 
perpetuate tensions and hostilities between local communities and 
conservationists. International programs and organizations aimed 
at safeguarding natural environments that fail to recognize the 
essential roles of Indigenous communities in perpetuating natural 
environments contribute to the marginalization of Indigenous 
Peoples, land appropriation, forced displacements, and refugee 
crises (215, 216). Conservation organizations must avoid an anti- 
Indigenous Peoples discourse and actions, such as lobbying and 
state interventions that may inadvertently contribute to human rights 
violations by pressuring governments into asserting sovereignty over 
Indigenous Peoples’ lands to achieve their conservation goals (208).

Schemes such as REDD+ and other types of payments for 
ecosystem services can also result in environmental injustice toward 
Indigenous Peoples (217, 218). Indigenous Peoples generally have 
limited political and socioeconomic power when competing 

stakeholders each assert legal authority to manage forested lands. 
The outcome is that Indigenous Peoples’ legitimate claims are often 
ignored (219). Actions by colonists, local governments, exploitative 
businesses, and illegal syndicates have resulted in numerous human 
rights violations against Indigenous communities, acts that are 
often underreported (216, 220, 221). Violent clashes, forced evictions, 
and even systematic killings have been documented as Indigenous 
leaders organize to secure their land rights (222).

The establishment of protected areas, which in some cases 
includes the construction of roads and facilities to support tourism, 
has also led to the dispossession of Indigenous Peoples’ lands. For 
example, Maasai pastoralists in Kenya were removed from their 
homeland to make way for the Amboseli National Park (223). In 
Tanzania, the British colonial government forcibly removed Indigenous 
pastoral Maasai communities from the first formal National Park, 
Serengeti National Park, gazetted in 1959, with no compensation 
(224). After Tanzanian independence, Indigenous Peoples were 
displaced during the establishment of Mkomazi National Park in 
the late 1980s (225) and from Ruaha National Park in 2006 (226).

Between 1960 and 1970, 580 Bambuti/Batwa families (approxi-
mately 3000 to 6000 individuals) were forced out of the Kahuzi-Biega 
forest in DRC to establish the Kahuzi-Biega National Park (19, 226). 
In Botswana and Namibia, the Kwe Peoples were stripped of their 
traditional lands to establish game reserves and national parks, which 
generate large sums of money from tourism but provide limited 
jobs for Indigenous Peoples (227). In these and many other cases, 
the community land rights of Indigenous Peoples were violated 
(228). Even in those instances in which the government has granted 
land rights, as is the case of the Yanomami of Brazil, significant 
parts of their territory have been invaded by thousands of illegal 
miners who use toxic chemicals such as mercury, resulting in exten-
sive environmental damage, water and soil pollution, and signifi-
cant risks to Yanomami and wildlife health (229, 230). Other major 
pressures upon Indigenous Peoples’ lands are large-scale infrastruc-
ture projects and armed civil conflict that force Indigenous People 
to leave their traditional lands (15, 231–233) and relocate to urban 
centers, with the expected decline of traditional livelihoods.

Dispossessed lands that are developed for infrastructure, resource 
extraction, agriculture, and industry become highly fragmented 
landscapes that divide once continuous primate populations by cre-
ating barriers to migration and gene flow, thus increasing the likeli-
hood of small effective population size and extirpation (14, 179, 234). 
Halting Indigenous land dispossession, returning land to dispossessed 
Indigenous Peoples, and respecting and safeguarding their sover-
eignty represent critical priorities for Indigenous Peoples that are 
also central to protecting primate biodiversity (11). While primates 
play critical roles in ecosystem dynamics and sustainability, they are 
also fundamental to local and regional Indigenous Peoples’ traditional 
systems of knowledge, culture, beliefs, and mythology. Numerous 
primate species have millennia-old sympatric relationships with 
humans. For many Indigenous societies, primates are integrated 
into their historical tales as sacred cultural figures and persons (39). 
As primates become locally extirpated or rare due to the unsustainable 
demands of industrial societies, intricate ecological, social, and 
cultural relationships that have developed between humans and 
nonhuman primates over thousands of years are put at risk. While 
Indigenous Peoples may not frame their stewardship practices with an 
explicit focus on what conservationists would term “environmental 
preservation” (29, 56), they often manage their lands in ways that 
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are compatible with or actively support nature conservation (24, 67, 82). 
Several generations of Indigenous leaders, scholars, thinkers, and 
philosophers have significantly contributed to raising global aware-
ness about the ecological values of their territories [e.g., 235–238]. 
Consequently, the implementation of effective land tenure policies by 
local and national governments and international organizations that 
safeguard and guarantee, in perpetuity, Indigenous Peoples’ land rights 
will ensure their cultural, economic, environmental, and social well-being. 
This will protect primate populations and plant and animal biodiversity 
present on these lands (Fig. 8) (55, 66, 67, 175, 182, 194, 230).

Last, we acknowledge certain limitations in this study. Our 
results provide strong correlational evidence that primate species 
living on Indigenous Peoples’ lands are less threatened than primate 
species living on other lands. However, measures of population size, 
species biomass, and genetic diversity are needed to better under-
stand the conservation value of Indigenous Peoples’ lands to 
individual primate species and the set of measures that could be 
implemented to protect those taxa that remain most vulnerable. In 
addition, the IUCN shape files (3) may result in underestimating or 
overestimating species ranges and the true area of occupancy (239). 
Future studies will need to prioritize measures, such as the remaining 
area of suitable habitat (AOH), the extent of forest fragmentation, 
and fragment size, in assessing primate population persistence 
(48, 240).

KEY CHALLENGES AHEAD
As we try to mitigate the existential challenges of the Anthropocene—
climate change, large-scale environmental modification, and mass 
extinctions—there is a relatively direct and highly effective way to 
sequester carbon, restore natural landscapes, and safeguard primate 
biodiversity. That way is for national governments, international 
organizations, and global citizens to support Indigenous Peoples in 
their efforts to continue stewardship of their lands, culture, oral 
traditions, and treaties already in place (56,  62,  241). Sustainable 
primate conservation solutions depend on acknowledging the needs 
and strengthening the rights of Indigenous Peoples (Fig. 8). Conserva-
tion organizations and national governments need to work against 
the negative impacts of ongoing environmental destruction on 
Indigenous Peoples’ well-being and translate conservation-oriented 
scientific information into policies that support Indigenous Peoples’ 
sustainable land management practices (24, 62, 123). We also need 
to raise worldwide scientific and public appreciation of the critical 
roles played by Indigenous Peoples in biodiversity conservation. 
Given the diverse histories of colonialism, inequity, racism, genocide, 
and political oppression, many contemporary Indigenous Peoples 
still have no sovereignty over their ancestral lands (56, 242).

We can only achieve successful implementation of national and 
international conservation and sustainable development goals by 
recognizing and strengthening Indigenous rights to their traditional 
lands and resources (19, 195–197, 241, 243, 244). We also need to 
explore ways of providing Indigenous Peoples with opportunities to 
enhance primate and biodiversity conservation by establishing links 
between their lands and other lands held communally or traditionally, 
and protected areas not included in the IUCN categories I to VI. Al-
though primates fare better on Indigenous Peoples’ lands than on 
other lands not officially protected by law, 55% of primate species 
that overlap with Indigenous territories are nevertheless threatened. 
While this is considerably better than the 93% of primate species 

listed as threatened on other lands, limiting non-Indigenous resource 
extraction on Indigenous Peoples’ lands must become an interna-
tional conservation priority. This priority must include strengthening 
Indigenous land rights, with support from scientifically based and 
culturally appropriate strategies for reducing human impacts on 
primate populations.

Madagascar is the second primate-richest country in the world 
(based on number of species). However, given that Madagascar does 
not have any recognized Indigenous groups, alternate approaches to 
primate conservation must be considered. These include community- 
based forest management programs, which have expanded substan-
tially in recent decades in response to the limitations of state-run 
reserves in achieving effective conservation outcomes and in 
addressing the needs of the rural poor (153, 245). Unfortunately, 
the success of many of these community-based conservation pro-
grams has been limited. This is due, in large part, to the fact that 
conservation restrictions associated with community-based forest 
management have reduced local annual income by 27 to 84%, with 
these losses borne disproportionately by the poorest community 
members (245). Financial compensation to households for lost 
income can be a viable and cost-effective tool in incentivizing forest 
management and lemur conservation. This will require a sustained, 
decades-long, national and international commitment to provide 
the necessary funding, education, and oversight (245).

CONCLUDING REMARKS
Given that the ranges of 71% of primate species intersect Indigenous 
Peoples’ lands, we will only avert the mass extinction of primates if 
we respect and support biocultural diversity and the efforts of 
Indigenous Peoples to maintain their languages, and cultural and 
symbolic ties to their lands and waters. Indigenous Peoples must be 
supported in their efforts to shield their lands from the unsustainable 
demands of multinational corporations, consumer nations, and 
national governments that favor short-term economic benefits over 
human rights, biodiversity, and environmental health. The enforced 
loss of connection between Indigenous Peoples and their lands 

Fig. 8. Key global societal actions needed to support Indigenous People. 
These actions will enable Indigenous Peoples to continue their land stewardship 
and culture in ways that will benefit primate conservation. In general, these actions 
apply to all primate range nations. Ultimately, it will be Indigenous people who 
decide whether their engagement with their lands will allow them to continue 
their traditional ways of life—the actions indicated above will make it possible for 
them to have that option.
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worldwide has resulted in the overexploitation of natural resources 
and the erosion of unique sociocultural connections between people 
and nature (33,  34,  73,  235–238,  246). The challenges faced by 
Indigenous Peoples in conserving their lands, traditional knowledge, 
cultures, and natural resources require that primate conservationists 
actively and constructively engage with Indigenous Peoples, politicians, 
the business community, and global citizens (Fig. 8). Indigenous 
Peoples should be respected for their systems of knowledge and 
considered by the global conservation community as holders of 
essential information, land rights, and partners in the quest to 
safeguard biodiversity. This will conserve local, regional, and global 
ecosystems, and offers our best chance to prevent the extinction of 
the world’s primates, our closest living biological relatives.

SUPPLEMENTARY MATERIALS
Supplementary material for this article is available at https://science.org/doi/10.1126/
sciadv.abn2927
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