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Abstract 

Indigenous Peoples‟ lands cover over one-quarter of Earth‟s surface, a significant proportion 

of which is still free from industrial-level human impacts. As a result, Indigenous Peoples and 

their lands are crucial for the long-term persistence of Earth‟s biodiversity and ecosystem 

services. Yet, information on species composition within Indigenous Peoples‟ lands globally 

remains largely unknown. Here, we provide the first comprehensive analysis of terrestrial 

mammal composition across mapped Indigenous lands by using area of habitat data for 4,460 

IUCN-assessed mammal species. We estimated that 2,175 species (49%) have ≥ 10% of their 

ranges in Indigenous Peoples‟ lands, and 646 species (14%) have > half of their ranges within 

these lands. For the threatened species assessed, 413 (41%) occur in Indigenous Peoples‟ 

lands. We also found that 935 mammal species (of which 131 are threatened with extinction) 

have ≥ 10% of their range in Indigenous Peoples‟ lands that have low human pressure. This 

analysis shows how important Indigenous Peoples and their lands are to the successful 

implementation of international conservation and sustainable development agendas. 

 

 

1. INTRODUCTION 

Through well-established traditional knowledge systems and governance practices, 

Indigenous Peoples are the environmental stewards of their lands. This is gradually being 

recognized in domestic and international policy (IPBES 2019). A recent analysis indicates 

that Indigenous Peoples‟ lands cover at least a quarter of terrestrial Earth, overlapping with 

37% of all terrestrial protected areas and with 40% of landscapes without industrial-level 

human impacts (Garnett et al. 2018). Some countrywide assessments demonstrate the 

importance of Indigenous Peoples‟ lands in terms of the biodiversity contained within them. 

In Australia, for example, 45-60% of the country‟s threatened species are found in 
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Indigenous Peoples‟ lands (Renwick et al. 2017; Leiper et al. 2018) and vertebrate 

biodiversity has been found to be equal in Indigenous People‟s lands and protected areas in 

three countries (Australia, Brazil and Canada; Schuster et al. 2019). However, global 

assessments of the overlap between Indigenous Peoples‟ lands including areas free from 

industrial-level human impacts and species distributions (including threatened species) are 

lacking. Any regions free from industrial-level human impacts are likely to be of high 

conservation value (Di Marco et al. 2018), given the connection between land use 

transformation and species declines (Newbold et al. 2015; Tilman et al. 2017). These 

landscapes may also be important ecological refugia (Scheffers et al. 2016; Allan et al. 2019), 

offering some protection against the pressures of expanding resource extraction frontiers 

(Rehbein et al. 2020).  

Here, we provide the first global assessment of the overlap between mapped Indigenous 

Peoples‟ lands (Garnett et al. 2018) and terrestrial mammal area of habitat maps (Rondinini et 

al. 2011). We also assess mammal species composition within low-pressure Indigenous 

Peoples‟ lands using updated „Human Footprint‟ data (Williams et al. 2020). These results 

are relevant to the development and implementation of the post-2020 Global Biodiversity 

Framework agreement that will emerge from the Convention on Biological Diversity‟s 

(CBD) discussions on abating species extinctions and reducing the erosion of ecosystem 

services (CBD 2018), as well as for countries trying to implement actions to achieve the 2030 

United Nation‟s Sustainable Development Goals. 

 

2. METHODS 

Species distribution data 

We focused our analysis on terrestrial mammals that have been comprehensively assessed by 

the International Union for Conservation of Nature (IUCN). Spatial data on mammal habitat 
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were obtained from Rondinini and colleagues‟ area of habitat maps (Rondinini et al. 2011). 

We excluded species considered extinct and any other extant native and reintroduced species 

whose area of habitat maps did not fully intersect with the combined spatial datasets 

employed in this study (4,460 species included, and 1,070 species were excluded from the 

analysis, many of which had a portion of their range on islands and other features outside the 

extent of our combined spatial intersection layers).  

 

Spatial data on Indigenous Peoples’ lands 

Globally, more than 370 million persons in more than 70 countries self-identify as Indigenous 

Peoples (Garnett et al. 2018). We used a recently-compiled global spatial dataset on 

Indigenous Peoples‟ lands, located or delineated on the basis of open-access published 

sources (Garnett et al. 2018) that, while certainly incomplete, is the best currently-available 

spatial layer at a global scale.  

 

Spatial data on human pressure 

Advances in remote sensing coupled with bottom-up survey data have enabled the 

development of a spatially explicit, validated, high-resolution global dataset on human 

pressures (Venter et al. 2016). These datasets permit the quantification of the extent of 

intense pressures on individual species (Di Marco et al. 2018; Allan et al. 2019; O‟Bryan et 

al. 2020). We used the most current Human Footprint map available (from 2013; Williams et 

al. 2020), comprising a composite spatial index of key human pressures on natural 

ecosystems at a 1 km
2
 resolution.  

 

Eight human pressure variables were used in the Human Footprint: 1) built environments, 2) 

population density, 3) electrical infrastructure, 4) crop lands, 5) pasture lands, 6) roads, 7) 
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railways, and 8) navigable waterways. These eight individual pressures were scaled between 

0 and 10 based on their estimated environmental impact and summed in 1 km
2
 grid cells. 

Some pressures co-occur whilst others are mutually exclusive; resulting in a combined global 

scale between 0 and 50 where 0 has no detectable change, and 50 is extreme urban 

conglomerates. We reclassified the Human Footprint map to a discrete index threshold of < 3 

because this threshold is now considered the standard for evaluating the degree of low human 

pressure across ecosystems (Di Marco et al. 2018; Jones et al. 2018; O‟Bryan et al. 2020). A 

threshold of ~ 3 is where areas with low states of human pressure transition to human-

dominated activities such as pastureland. Importantly, index values at or > 3 reveal an 

increased extinction risk in mammals (Di Marco et al. 2018). 

 

Analysis 

We combined the spatial datasets on Indigenous Peoples‟ lands (mean individual size of 

485.52 km
2
; SD 34,348.43 km

2
) and low-pressure lands (i.e. Human Footprint Index of < 3) 

into a single spatial data layer based on overlap with the center of the pixel in a geographic 

information system raster calculator (ESRI ArcGIS) at a 1 km
2
 resolution (45.2% of 

Indigenous Peoples‟ lands contain low-pressure lands). We calculated the proportion of 

mammal species‟ habitat in all Indigenous Peoples‟ lands and in low-pressure Indigenous 

Peoples‟ lands by intersecting individual species‟ habitat rasters with the combined spatial 

dataset mentioned above using R statistical software (R Core Team 2017). Mammals were 

not included if their raster layer did not fully overlap with the intersection layer. 
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3. RESULTS 

Occurrence of species in Indigenous Peoples’ lands 

Indigenous Peoples‟ lands encompass a total of at least 38 million km
2
 (28.3 %) of terrestrial 

Earth (Garnett et al. 2018; Table S1). We found that 2,175 (48.8%) of all mammal species 

assessed have at least 10% of their ranges within Indigenous Peoples‟ lands, and 646 (14.5%) 

have > 50% of their range in these lands (Figure 1). Mammals in the order Scandentia (the 

treeshrews of Southeast Asia) have the highest average percentage of their suitable habitat 

overlapping with Indigenous Peoples‟ lands (47.1% ± SD 15.8%) compared to other orders 

such as Colugo (arboreal gliding mammals of Southeast Asia; 34.3% ± SD 18.9%) and 

Proboscidea (elephants; 33.6% ± SD 17.5%). Southeast Asia, the grassland and semiarid 

regions of Africa, and southern Central America have the highest number of species with > 

50% of their range within Indigenous Peoples‟ lands (Figure 2). For example, tigers 

(Panthera tigris) and red pandas (Ailurus fulgens) have 55% and 63% of their suitable habitat 

in Indigenous Peoples‟ lands, respectively (Figure 2).  

 

Of the 1,002 mammal species assessed that are classified as threatened (i.e. Vulnerable, 

Endangered, or Critically Endangered on the IUCN Red List [2019; version 6.2]), 413 

(41.2%) have at least 10% of their ranges within Indigenous Peoples‟ lands, with 214 

(21.4%) being Vulnerable, 144 (14.4%) being Endangered, and 55 (5.5%) being Critically 

Endangered on the IUCN Red List. We also found that 200 (20.0%) of all threatened species 

have >50% of their ranges within these lands, with 93 (9.3%) being Vulnerable, 77 (7.7%) 

Endangered, and 30 (3.0%) Critically Endangered species.  
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Occurrence of species in low-pressure Indigenous Peoples’ lands 

Nearly 21 million km
2
 of Indigenous Peoples‟ lands have low pressure (15.5% of terrestrial 

Earth, and 45.2% of all Indigenous Peoples‟ lands; Table S1). We found that 935 (21.0%) of 

species assessed have at least 10% of their range in these low-pressure Indigenous Peoples‟ 

lands, with 118 (2.6%) having >50% of their ranges in these lands (Figure 1). Mammals in 

the order Dasyuromorphia (the carnivorous marsupials of Australia) have the highest average 

percentage of their habitat in these lands (23.7% ± SD 24.2%) compared to other orders such 

as Pilosa (anteaters and sloths of the Americas; 19.0% ± SD 11.1%) and Diprotodontia (non-

carnivorous marsupials of Australia; 15.6% ± SD 21.3%).  

 

Not surprisingly, the percentage of threatened species within low-pressure Indigenous 

Peoples‟ lands is considerably lower than that of threatened species across all Indigenous 

Peoples‟ lands (Figure 3). As many as 131 (13.1%) of the threatened species assessed have at 

least 10% of their ranges in low-pressure Indigenous Peoples‟ lands, with 81 (8.1%) of these 

being Vulnerable, 35 (3.5%) Endangered, and 15 (1.5%) Critically Endangered species. We 

also estimated that 25 (2.5%) of the threatened species assessed have >50% of their ranges in 

these lands, with 19 (1.9%) of these being Vulnerable, five (0.5%) Endangered, and one 

(0.1%) Critically Endangered species (Figure 3B). 

 

4. DISCUSSION 

Indigenous Peoples‟ lands cover a large portion of Earth‟s land surface (Garnett et al. 2018), 

and also include some of the highest quality forest lands worldwide (Fa et al. 2020). It 

follows that Indigenous Peoples are stewards of a substantial proportion of Earth‟s 

biodiversity. While it has long been suspected that the proportion of biodiversity that occurs 

on Indigenous Peoples‟ lands was likely to be high (Toledo 2013), our study is to our best 
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knowledge the first to use robust, repeatable methods for determining this at the global scale. 

The numbers we have derived are substantial: globally, 49% of all mammals assessed and 

41% of threatened mammals assessed have ≥ 10% of their range within Indigenous Peoples‟ 

lands; for 15% of mammals, including 20% of threatened mammals, the proportion of their 

habitat is > 50%, suggesting that Indigenous Peoples‟ lands contain critical habitat for many 

mammalian species assessed. 

 

Our results show that Indigenous Peoples‟ lands with low human pressure contain at least 

10% habitat for 935 species. Such areas may serve as critical refugia from anthropogenic 

threats, especially for the 131 threatened species with at least 10% of their habitat within 

these lands, which require safeguarding from ongoing and future habitat loss and exploitation 

pressures. Our analysis also suggests that 57% of species that have some portion of their 

habitat within Indigenous Peoples‟ lands may also be exposed to increased unsustainable 

human pressure within these lands (i.e. Human Footprint Index ≥ 3), pointing to an even 

greater need for Indigenous-led and collaborative conservation efforts. Here it is important to 

note that pressure to exploit Indigenous Peoples‟ lands and in some cases deny their rights to 

use and access these areas is alarmingly high all over the world (Fernández‐ Llamazares et 

al. 2020; Scheidel et al. 2020). 

 

The results we present highlight future opportunities for improving our understanding of 

species composition and opens up important conservation agendas to build alliances that 

respect Indigenous rights and agendas. For example, the taxonomic groups for which we have 

area of habitat data – mammals – is but a small fraction of the biodiversity found (Larsen et 

al. 2017), and there is great opportunity for expanding this work to other taxonomic groups as 

area of habitat data become more accessible (Brooks et al. 2019). However, our results, based 
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on best available globally consistent mammal data, may likely be true for other vertebrates 

(Leal et al. 2010), as well as plants, invertebrates and others forms of biodiversity (but see 

Oberprieler et al. 2019). Future work can also improve temporal overlap of species‟ habitat 

layers with mapped Indigenous Peoples‟ lands and human footprint data, as our analysis is 

limited to spatial data across varying time periods; for example, the area of habitat maps were 

published in 2011, the maps of Indigenous Peoples‟ lands in 2017, and the human footprint 

data is updated only to 2013. Temporal mismatch may be reduced as species area of habitat 

data become more widely available both spatially and temporally across taxonomic groups 

(Brooks et al. 2019).  

 

We note that the mapped Indigenous Peoples‟ lands data used in our analysis are still 

incomplete and may under- or overestimate coverage of Indigenous Peoples‟ lands depending 

on if and how groups self-identify as Indigenous Peoples‟ and how lands are defined (Garnett 

et al. 2018). Moreover, because stringent legislation often controls access to and activities 

within Indigenous Peoples‟ lands, affecting the extent to which biodiversity is documented 

and mapped (dos Santos et al. 2015), it is very likely that survey efforts in these lands are 

incomplete (e.g., Bernard et al. 2011). Partnerships to resource and support Indigenous 

Peoples to fill knowledge gaps about significant and threatened species (including those that 

are culturally significant to local communities) will greatly improve our understanding of the 

conservation status and population trends of these species and measures needed for their 

survival (Johnson et al. 2015; Garnett et al. 2018). 

 

Myriad examples are available on how collaboration between Indigenous Peoples and 

researchers has refined knowledge of species ecological distribution ranges, baselines, and 

trends and opened up new understandings of biodiversity conservation that takes into account 
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Indigenous rights, values and aspirations (e.g. Ross et al. 2009; Mistry & Berardi 2016; 

Skroblin et al. 2019). However, such knowledge partnerships need to be negotiated and 

provide appropriate benefits to local Indigenous people (Robinson et al. 2016). The central 

message from this analysis is that Indigenous Peoples‟ participation, lands and perspectives 

are vital to any policies and programs aiming to further global biodiversity conservation. This 

conclusion strongly aligns with that of the Intergovernmental Science-Policy Platform on 

Biodiversity and Ecosystem Services (Diaz et al. 2019; IPBES 2019) and many other studies 

(e.g. Dinerstein et al. 2019; Reyes-García et al. 2019).  

 

Our results point to the fact that, regardless of what results from discussions through the 

Convention on Biological Diversity (CBD) about species and ecosystems targets within the 

post-2020 Global Biodiversity Framework, Indigenous Peoples will play a globally important 

role in the conservation of biodiversity into the future. Indigenous Peoples‟ rights must be 

fully respected, including their full and effective participation in developing laws, policies, 

and programs that affect them. Although representatives of Indigenous Peoples are engaging 

in global environmental forums through frameworks such as IPBES, the Intergovernmental 

Panel on Climate Change (IPCC), and the CBD, this often occurs in the face of substantial 

barriers to engagement related to scale, knowledge, and power (Brugnach et al. 2017). 

Greater recognition and support for the close relationships that Indigenous Peoples have with 

their lands and their natural resources is therefore a pressing imperative from the perspective 

of both social equity and biodiversity conservation (Howitt 2018). Only through rights-based, 

equitable and respectful partnerships, and other forms of dialogue and collaboration with 

Indigenous Peoples, will it be possible to ensure the long-term and equitable conservation of 

biodiversity. 

 



 

 
This article is protected by copyright. All rights reserved. 

 

Acknowledgments 
The work was partially funded by the NASA Biodiversity and Ecological Forecasting 

Program under the 2016 ECO4CAST solicitation through grant NNX17AG51G. JEF was 

funded by the US Agency for International Development as part of the Bushmeat Research 

Initiative of the CGIAR research program on Forests, Trees and Agroforestry. 
 

 

References 

Allan JR, Watson JEM, Di Marco M, O‟Bryan CJ, Possingham HP, Atkinson SC, Venter O. 

2019. Hotspots of human impact on threatened terrestrial vertebrates. PLOS Biology 

17:e3000158. 

Bernard E, Aguiar LMS, Machado RB. 2011. Discovering the Brazilian bat fauna: a task for 

two centuries? Mammal Review 41:23–39. 

Brooks TM et al. 2019. Measuring Terrestrial Area of Habitat (AOH) and Its Utility for the 

IUCN Red List. Trends in Ecology & Evolution 34:977–986. 

Brugnach M, Craps M, Dewulf A. 2017. Including indigenous peoples in climate change 

mitigation: addressing issues of scale, knowledge and power. Climatic Change 

140:19–32. 

CBD. 2018. Convention on Biological Diversity COP. Available from 

https://www.cbd.int/conferences/2018/cop-14/documents (accessed November 8, 

2019). 

Di Marco M, Venter O, Possingham HP, Watson JEM. 2018. Changes in human footprint 

drive changes in species extinction risk. Nature Communications 9:1–9. 

Díaz S et al. 2019. Pervasive human-driven decline of life on Earth points to the need for 

transformative change. Science 366:eaax3100.  

Dinerstein E et al. 2019. A Global Deal For Nature: Guiding principles, milestones, and 

targets. Science Advances 5:eaaw2869. 



 

 
This article is protected by copyright. All rights reserved. 

 

dos Santos JG, Malhado ACM, Ladle RJ, Correia RA, Costa MH. 2015. Geographic trends 

and information deficits in Amazonian conservation research. Biodiversity and 

Conservation 24:2853–2863. 

Fa JE et al. 2020. Importance of Indigenous Peoples‟ lands for the conservation of Intact 

Forest Landscapes. Frontiers in Ecology and the Environment 18:135–140. 

Fernández‐ Llamazares Á, Garteizgogeascoa M, Basu N, Brondizio ES, Cabeza M, 

Martínez‐ Alier J, McElwee P, Reyes‐ García V. 2020. A State-of-the-Art Review of 

Indigenous Peoples and Environmental Pollution. Integrated Environmental 

Assessment and Management 16:324–341. 

Garnett ST et al. 2018. A spatial overview of the global importance of Indigenous lands for 

conservation. Nature Sustainability 1:369–374. 

Howitt R. 2018. Indigenous rights vital to survival. Nature Sustainability 1:339–340 

IPBES. 2019. Global Assessment Report on Biodiversity and Ecosystem Services. 

Johnson N et al. 2015. The Contributions of Community-Based Monitoring and Traditional 

Knowledge to Arctic Observing Networks: Reflections on the State of the Field. 

Arctic 68:28–40. 

Jones KR, Venter O, Fuller RA, Allan JR, Maxwell SL, Negret PJ, Watson JEM. 2018. One-

third of global protected land is under intense human pressure. Science 360:788–791. 

Leal IR, Bieber AGD, Tabarelli M, Andersen AN. 2010. Biodiversity surrogacy: indicator 

taxa as predictors of total species richness in Brazilian Atlantic forest and Caatinga. 

Biodiversity and Conservation 19:3347–3360. 

Leiper I, Zander KK, Robinson CJ, Carwadine J, Moggridge BJ, Garnett ST. 2018. 

Quantifying current and potential contributions of Australian indigenous peoples to 

threatened species management. Conservation Biology 32:1038–1047. 



 

 
This article is protected by copyright. All rights reserved. 

 

Mistry J, Berardi A. 2016. Bridging indigenous and scientific knowledge. Science 352:1274–

1275. 

Newbold T et al. 2015. Global effects of land use on local terrestrial biodiversity. Nature 

520:45–50. 

Oberprieler SK, Andersen AN, Gillespie GR, Einoder LD. 2019. Vertebrates are poor 

umbrellas for invertebrates: cross‐ taxon congruence in an Australian tropical 

savanna. Ecosphere 10. 

O‟Bryan CJ, Allan JR, Holden M, Sanderson C, Venter O, Di Marco M, McDonald-Madden 

E, Watson JEM. 2020. Intense human pressure is widespread across terrestrial 

vertebrate ranges. Global Ecology and Conservation 21:e00882. 

R Core Team. 2017. R: A language and environment for statistical computing. R Foundation 

for Statistical Computing, Vienna, Austria. 

Rehbein JA, Watson JEM, Lane JL, Sonter LJ, Venter O, Atkinson SC, Allan JR. 2020. 

Renewable energy development threatens many globally important biodiversity areas. 

Global Change Biology 26:3040–3051. 

Renwick AR, Robinson CJ, Garnett ST, Leiper I, Possingham HP, Carwardine J. 2017. 

Mapping Indigenous land management for threatened species conservation: An 

Australian case-study. PLoS ONE 12:e0173876.  

Reyes-García V, Fernández-Llamazares Á, McElwee P, Molnár Z, Öllerer K, Wilson SJ, 

Brondizio ES. 2019. The contributions of Indigenous Peoples and local communities 

to ecological restoration. Restoration Ecology 27:3-8. 

Robinson CJ, James G, Whitehead PJ. 2016. Negotiating Indigenous benefits from payment 

for ecosystem service (PES) schemes. Global Environmental Change 38:21–29. 



 

 
This article is protected by copyright. All rights reserved. 

 

Rondinini C et al. 2011. Global habitat suitability models of terrestrial mammals. 

Philosophical Transactions of the Royal Society B: Biological Sciences 366:2633–

2641. 

Ross H, Grant C, Robinson CJ, Izurieta A, Smyth D, Rist P. 2009. Co-management and 

Indigenous protected areas in Australia: achievements and ways forward. Australasian 

Journal of Environmental Management 16:242–252. 

Scheffers BR et al. 2016. The broad footprint of climate change from genes to biomes to 

people. Science 354:aaf7671. 

Scheidel A et al. 2020. Environmental conflicts and defenders: A global overview. Global 

Environmental Change 63:102104. 

Schuster R, Germain RR, Bennett JR, Reo NJ, Arcese P. 2019. Vertebrate biodiversity on 

indigenous-managed lands in Australia, Brazil, and Canada equals that in protected 

areas. Environmental Science & Policy 101:1–6. 

Skroblin A, Carboon T, Bidu G, Chapman N, Miller M, Taylor K, Taylor W, Game ET, 

Wintle BA. 2019. Including Indigenous knowledge in species distribution modelling 

for increased ecological insights. Conservation Biology:cobi.13373. 

Tilman D, Clark M, Williams DR, Kimmel K, Polasky S, Packer C. 2017. Future threats to 

biodiversity and pathways to their prevention. Nature 546:73–81. 

Toledo VM. 2013. Indigenous Peoples and Biodiversity. Pages 269–278 Encyclopedia of 

Biodiversity: Second Edition. Elsevier Inc. 

Venter O et al. 2016. Global terrestrial Human Footprint maps for 1993 and 2009. Scientific 

Data 3:160067. 

Williams BA et al. 2020. Change in Terrestrial Human Footprint Drives Continued Loss of 

Intact Ecosystems. SSRN Scholarly Paper ID 3600547. Social Science Research 



 

 
This article is protected by copyright. All rights reserved. 

 

Network, Rochester, NY. Available from https://papers.ssrn.com/abstract=3600547 

(accessed June 11, 2020). 

 

 

Figure 1. The area of habitat overlap of terrestrial mammals in mapped Indigenous Peoples‟ 

lands (Garnett et al. 2018; dark grey bars) and with low-pressure Indigenous Peoples‟ lands 

(i.e. < 3 on the Human Footprint Index; light grey bars). The figure shows that if one is to 

consider only low-pressure Indigenous Peoples‟ lands within species‟ area of habitat, then the 

percentage of species that have their habitat within these lands is generally much lower (but 

see 0-20% overlap bin) than if we consider all Indigenous Peoples‟ lands. 
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Figure 2. The number of species that have >50% of their habitat in mapped Indigenous 

Peoples‟ lands (IPL), with a subset of exemplar species. The hatched areas represent mapped 

Indigenous Peoples‟ lands (Garnett et al. 2018).  
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Figure 3. The area of habitat overlap of terrestrial mammals in mapped Indigenous Peoples‟ 

lands (Garnett et al. 2018) broken down by IUCN Red List category (“DD” = data deficient, 

“LC” = least concern, “NT” = near threatened, “VU,EN,CR” = vulnerable, endangered, and 

critically endangered) for, a) all Indigenous Peoples‟ lands and, b) low-pressure Indigenous 

Peoples‟ lands (i.e. < 3 on the Human Footprint Index). The figure shows that if one is to 

consider only low-pressure Indigenous Peoples‟ lands within species‟ area of habitat, then the 

percentage of species that have their habitat within these lands across all IUCN categories is 

generally much lower (but see 0-20% overlap bins) than if we consider all Indigenous 

Peoples‟ lands. 

 

 

 


