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ABSTRACT

The Amazon basin is the largest tropical forest and greatest freshwater system in the world with extraordinary biodiversity
and endemism across different taxonomic groups. Focusing on four vertebrate groups, amphibians, reptiles, birds and
mammals, we demonstrate the incredible biodiversity value of the Amazon basin and the considerable conservation
contribution of the twelve conservation mosaics supported by the Gordon and Betty Moore Foundation. The Gordon and
Betty Moore Foundation defines a conservation mosaic as a large landscape composed of protected areas, indigenous
territories, and other land use types. This concept is based on an integrated landscape approach adopted by many
conservation organizations. Using geospatial information on species distribution from the IUCN for amphibians and
mammals, Roll et al. (2017) for reptiles, and BirdLife International for birds, in this report we estimate the number of
expected and confirmed species in the Amazon basin and the conservation mosaics. Across the four vertebrate groups
the Amazon basin harbors 5,756 species, representing 56.92% of all South American species (10,108 species) for these
groups. Similarly, the twelve conservation mosaics cover 53.84% of the Amazon basin and are expected to hold 3,836
species, representing 66.64% of Amazon species, 37.95% of South American species and 10.51% of species in the
world.

Comparing the number of expected species in each of the twelve mosaics with the number of confirmed species to
date, the 3,099 confirmed species represent 80.79% of the 3,836 expected species. Individually, the twelve mosaics are
expected to harbor between 1,284 and 2,034 species (with between 430 and 1,708 species confirmed), highlighting
the conservation mosaics of the western Amazon as those with the highest species concentrations, especially Madidi-
Tambopata with 2,034 expected species (1,708 confirmed), Upper Purus with 1,972 expected species (1,747 confirmed),
and Yasuni-Pastaza with 1,805 expected species (1,470 confirmed). Contrastingly, the Ampiyacu mosaic has the lowest
number of expected species (1,284 species, with 430 confirmed species).

The Madidi-Tambopata conservation mosaic harbors the greatest number of expected species of birds (1,240 expected
species and 1,197 confirmed) and mammals (335 expected species and 264 confirmed) of the twelve mosaics. Yasuni-
Pastaza is one of the smallest conservation mosaics, yet protects around 30% of all amphibians, reptiles, birds, and
mammals in the Amazon. Indeed, all of the conservation mosaics supported by the Gordon and Betty Moore Foundation
make vital biodiversity conservation contributions, with the twelve mosaics expected to protect 42.89% of amphibian
species in the Amazon, 56.8% of reptiles, 80.02% of birds, and 76.66% of mammals.

To determine areas with high species concentrations and assess the representativeness of the conservation mosaics,
we analyzed alpha-diversity of amphibians, birds and mammals in South America using the finest resolution to date
(1 km?). The maximum values in South America for the three vertebrate groups were 136 amphibian species per km?,
596 bird species per km?, and 216 mammal species per km? and are found in the Amazon basin, especially the western
Amazon, and notably within the Yasuni-Pastaza, Yavari-Samiria, Ampiyacu, Upper Purus, Madidi-Tambopata and Madeira
conservation mosaics.

The concentrations in the Amazon of the most threatened species according to the IUCN (Critically Endangered,
Endangered and Vulnerable) are found in the Chiribiquete-Caqueta, ltenez-Rondonia, Madeira, Xingu, Calha Norte and
Yavari-Samiria conservation mosaics. Concentrations of amphibians in the same categories are found in Yasuni-Pastaza,
Upper Purus, Yavari-Samiria, Ampiyacu, Lower Rio Negro, Calha Norte, Chiribiquete-Chaqueta, Upper Rio Negro, Madidi-
Tambopata and Xingu conservation mosaics, and birds in the Critically Endangered category in the Madidi-Tambopata
mosaic. Together these analyses underline the significant contribution of the conservation mosaics supported by the
Gordon and Betty Moore Foundation towards the conservation of the outstanding biodiversity value of the Amazon.

Key Words: Amazon basin, amphibians, reptiles, mammals, birds, conservation mosaics, Gordon and Betty Moore
Foundation
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INTRODUCTION

Biodiversity or biological diversity are terms that define the variation in all the forms of life on planet earth (Gaston & Spicer
2004; Colwell 2009). This comprises the appearance, structure and function of genes, species and ecosystems, which are
organized in spatial and temporal patterns (Gregorius et al. 2003; Colwell 2009; Minteer et al. 2018). Species diversity,
or the number of biological elements coexisting in a given area, is the most commonly used element for conservation

purposes (Moreno 2001; Moreno et al. 2011; Socolar et al. 2015).

From a global perspective the tropics harbor the greatest biological diversity and endemism (Myers et al. 2000; Hoorn et al.
2010; Jenkins et al. 2013). The tropics cover just 10% of land, but harbor 91% of the world's birds, 83.2% of amphibians,
77% of mammals and 75% of plants and insects (PNUMA 2010; Barlow et al. 2018). The Amazon in the Neotropics has an
enormous variety of habitats and aquatic and terrestrial species (Latrubesse et al. 2017). Unique characteristics such as the
geographical barrier of the Andes and the variety of forests, wetlands and other habitats have resulted in extremely high
levels of biodiversity and endemism in the Amazon (Valencia et al. 1994; Dirzo & Raven et al. 2003; Hutter et al. 2013; De
Oliveira et al. 2016; Kolar et al. 2016).

The extraordinary concentration of species in the Amazon basin is mirrored by a diversity of crucial ecosystem services,
such as timber, food, water, energy, nutrient recycling, and others (Foley et al. 2007; Tilman et al. 2011; Sobral et al. 2017;
Horn et al. 2018), which benefit millions of people (Horn et al. 2018; Minteer et al. 2018; Vieira et al. 2018), providing

environmental services not only for the Neotropical region, but also for the world (Castro & Riega-Campos 2014).

The Amazon basin is also home to approximately 350 indigenous groups whose territories cover 28.1% of the basin in
Bolivia, Brazil, Colombia, Ecuador, Peru and Venezuela (RAISG 2016; Priissmann et al. 2017; Strelneck & Vilela 2017). High
human cultural diversity within the indigenous territories is associated with high biodiversity concentrations, and together
with protected areas, these management units play an important role in protecting the Amazon biome and the planet

(RAISG 2016; Priissmann et al. 2017; Strelneck & Vilela 2017).

Anthropogenic activities outside conservation units (protected areas and indigenous territories) in the Amazon are
responsible for the loss of biodiversity at an unprecedented rate (Peres 1990, 2007; Foley et al. 2007; Hoom et al. 2010;
Canale et al. 2012; Laurance et al. 2014; Purvis et al. 2018). In the face of imminent and ongoing changes to Amazon
forests and waterways, the need to identify priority biodiversity conservation areas is paramount. One approach is to

identify areas with high concentrations of species and endemism. For example, the "hotspots” proposed by Myers et al.
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(2000) have become a global conservation reference (Sloan et al. 2014;
Roll et al. 2017), encouraging donors such as the Gordon and Betty Moore
Foundation to implement conservation efforts in areas of high biodiversity
and endemism, in particular with landscape and mosaic conservation

strategies in the Amazon and beyond (Myers et al. 2000).

The Gordon and Betty Moore Foundation has implemented an Andes-
Amazon Initiative, supporting biodiversity conservation efforts by
communities, governmental authorities and  non-governmental
institutions for more than fifteen years, implementing twelve conservation
mosaics distributed in Bolivia, Brazil, Colombia, Ecuador and Peru in
areas with hypothesized high biodiversity concentrations (Castro & Riega-

Campos 2014; Strelneck & Thais Vilela 2017; Gullison & Hardner 2018).

For the design of informative scenarios regarding global biodiversity it
is important to recognize that biodiversity varies across habitat types,
as well as between different taxonomic groups such as amphibians,
mammals, insects or plants (Wolters et al. 2006). It is therefore crucial to
evaluate multiple taxonomic groups when considering spatial variations in
biological diversity, especially when identifying priority conservation areas

(Wolters et al. 2006; Quan et al. 2018).

This study aims to demonstrate the incredible biodiversity value of the

Amazon basin and the contribution of twelve conservation mosaics
supported by the Gordon and Betty Moore Foundation in conserving
biodiversity, with an emphasis on the four terrestrial vertebrate groups:
ampbhibians, reptiles, birds and mammals. In so doing, this analysis intends
to demonstrate the relevance of existing conservation efforts, as well as

influence future decisions and actions in the conservation mosaics.
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GOALS & OBJECTIVES

i. Goal

Demonstrate the extraordinary value of the Amazon basin towards
biodiversity conservation through analyses of four terrestrial

vertebrate groups: amphibians, reptiles, birds and mammals.

ii. Objective

Demonstrate the contribution of the conservation mosaics in the
Amazon basin supported by the Gordon and Betty Moore Foundation

for biodiversity conservation in the Amazon.

iii Specific objectives

e Determine expected and confirmed species of amphibians,
reptiles, birds and mammals in the twelve conservation mosaics
supported by the Andes-Amazon Initiative of the Gordon and Betty
Moore Foundation.

e Elaborate maps of species richness for three vertebrate groups
(birds, amphibians and mammals) for South America at Tkm?

scale.
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STUDY AREA

The study area is the Amazon basin, the most extensive tropical
forest and the largest freshwater hydrological system in the world,
with particular emphasis on the conservation mosaics supported
by the Gordon and Betty Moore Foundation (Table 1; Figure 1).
The Amazon basin is shared by nine countries (Brazil, Bolivia,
Peru, Ecuador, Colombia, Venezuela, French Guiana, Guyana, and
Suriname) and is inhabited by 33 million people including 350

indigenous groups (Priissmann etal. 2017).

Chiribiquete-Caqueta
Yasuni-Pastaza
Yavari-Samiria

Ampiyacu
Upper Purus
Madidi-Tambopata
Itenez-Rondonia
Calha Norte
Xingu
Lower Rio Negro
Upper Rio Negro

Madeira

Colombia
Ecuador, Peru
Peru
Peru
Brazil, Peru
Bolivia, Peru
Bolivia, Brazil
Brazil
Brazil
Brazil
Colombia, Brazil

Brazil
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Figure 1: Location of the Conservation
Mosaics supported by the Gordon and Betty
Moore Foundation in the Amazon Basin. 1.
Chiribiquete-Caqueta; 2. Yasuni-Pastaza; 3.
Yavari-Samiria; 4. Ampiyacu; 5. Upper Purus;
6.Madidi-Tambopata; 7. ltenez-Rondonia; 8. |
Calha Norte; 9.Xingu; 10. Lower Rio Negro;
11. Upper Rio Negro; 12. Madeira

METHODS

To generate expected and confirmed species lists foramphibians, reptiles, birds and mammals for the twelve conservation mosaics
supported by the Andes-Amazon Initiative of the Gordon and Betty Moore Foundation, we performed the following four steps: 1)
taxonomic revision and update for terrestrial vertebrate species present in South America and the Amazon basin, 2) creation of
distribution polygons for amphibian, reptile and mammal species not evaluated by the International Union for the Conservation
of Nature (IUCN), 3) information search for species distribution from the IUCN (for expected species) and species databases (for
confirmed species), and 4) identification of expected and confirmed species for the twelve mosaics. This analysis is a fine-scale 1
km? effort which uses a standardized and updated dataset for all four terrestrial vertebrate groups across the Amazon. It cannot
and should not replace on-the-ground field work to improve knowledge for individual protected areas and indigenous territories,

butin the meantime, it does provide the best theoretical species lists available for each management unit or conservation mosaic.
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i. Taxonomic revision and update for amphibians, reptiles, birds and mammals

In order to compare the number of species present in South America and the Amazon basin, we first standardized taxonomic
species lists for each terrestrial vertebrate group. For taxonomic updates we used official taxonomic platforms for each vertebrate
group: AmphibiaWeb (https://amphibiaweb.org), Amphibian Species of the World (http://research.amnh.org/herpetology/
amphibia/index.html), for amphibians, the Reptile Database (http://www.reptile-database.org) for reptiles, IUCN-BirdLife (http:/
datazone.birdlife.org/species/requestdis) and South American Classification Committee (http://www.museum.lsu.edu/~Remsen/
SACCBaseline.htm) for birds, and Mammal Diversity Database (https://mammaldiversity.org) and specific sources for mammals,
as well as a global taxonomic source: Taxonomic Information System ITIS (https://www.itis.gov). With the exception of mammals,

these websites constantly update taxonomy, providing species lists for each country.

Additionally, to determine the taxonomy for amphibians and reptiles we consulted scientificarticles and previously cited websites.
For mammals firstly we constructed a species list for South America using recent species lists for Ecuador (Tirira 2018; Ron et al.
2019 -Bioweb), Colombia (Ramirez-Chaves et al. 2016), Venezuela (Sdnchez & Lew 2012), Argentina (Teta et al. 2018), French
Guiana, Guyana, and Suriname (Lim 2016), Argentina, Brazil (Paglia et al. 2012), and Bolivia (Aguirre et al. 2019) and the IUCN

South America species list. We then complemented and update taxonomies using the Mammal Diversity Database (2019), and




Patton et al. (2015) for rodents, Rowe & Myers (2019) for primates and scientific articles published by December 2018 regarding

newly described species.
ii. Creation of distribution polygons for amphibian, reptile and mammal species not evaluated by the IUCN

For amphibian, reptile and mammal species from the Amazon basin that were either not evaluated by the IUCN or were not
considered in a threatened category, using scientific literature and webpages we produced distribution polygons using Quantum
GIS. Similarly, for newly described species we created distribution polygons by creating a 10 km buffer around the original collection

site.

Nevertheless, in some cases species and even genera remain in taxonomic revision or require major research to confirm taxonomies,

and therefore are lacking distributional polygons, underlining that this analysis will need to be updated into the future.




iii. Identification of expected species in the twelve
conservation mosaics supported by the Gordon and Betty

Moore Foundation

Geospatial information on amphibian, reptile and mammal species
distributions was downloaded from the IUCN (IUCN 2018, https://www.
iucnredlist.org) in November 2018 (reptiles in January 2019), and bird
distributions were downloaded from BirdLife International, through
the IUCN portal. Scientific names were updated using the updated

taxonomic lists.

The expected species analysis used the IUCN geospatial information about
species distribution (Table 2) to predict presence for amphibians,
reptiles, birds and mammals (see Appendix 1 for details). Predicted
presence within the conservation mosaics supported by the Gordon
and Betty Moore Foundation was determined using the intersection

geoprocessing tool in Quantum GIS.

Table 2. Number of Vertebrate Species in South America

Total Number of
Vertebrate Group Geospatial Source Species with Geospatial
Information

Amphibian Species of the World 2,921

Amphibians 2,873*
IUCN 2,474
The Reptile Database 2,195

Reptiles Roll etal.(2017) 1,977 2,138*

IUCN 7

BirdLife 3,564

Birds 3,607
IUCN- BirdLife 3,625
IUCN 1,258

Mammals 1,339
IUCN & other sources 1,385

*Due to gaps in the geospatial information, we digitized additional distribution polygons (191 polygons for
mammals, 399 foramphibians, 161 for reptiles).
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iv. Identification of confirmed species in the twelve
conservation mosaics supported by the Gordon and

Betty Moore Foundation

Confirmed species records for amphibians, reptiles,
birds and mammals present in the Amazon basin were
compiled in spatially explicit databases for each taxonomic
group. We included all georeferenced occurrences for
species in South America and the Amazon basin, based on
available records in the Global Biodiversity Information
Facility (GBIF: http://www.gbif.org/) platform. Additional
records were systematized from Splink (http://www.
splink.org.br/), Vertnet (http://www.vertnet.org/), ICMBIO
(portaldabiodiversidade.icmbio.gov.br/portal/), and recent
scientific articles for amphibians, reptiles and mammals.
Newly described species were added to the databases, and
the species lists were modified according to the taxonomic

updates performed for each vertebrate group.

Initially, we obtained 276,722 amphibian records, 96,082
reptile records, and 128,922 mammal records in the
Amazon basin. Subsequently, these databases were cleaned,
eliminating records without coordinates, or not identified to
species level, as well as records from zoological collections,
fossil records and other anomalies. Data from iNaturalist
was carefully revised but not included for amphibians
and reptiles due to low taxonomic confidence. After the
data cleaning process, in total 41,932 amphibian records
remained, 19,952 reptile records, and 27,056 mammal

records in the twelve mosaics.

-22-

v. Contribution of the conservation mosaics
supported by the Gordon and Betty Moore
the conservation of

Foundation towards

biodiversity.

Geospatial data for the Amazon basin was downloaded from
the SNAPP Western Amazon Group (Venticinque et al. 2016)
and international limits from the Global Administrative Areas
(GADM 2018).

Expected and confirmed species analyses for the twelve
mosaics employed geospatial data on species” distribution
and presence (Table 2), the Amazon Basin, international limits
and the conservation mosaic limits supported by the Gordon
and Betty Moore Foundation, and used the geoprocessing

intersection tool in Quantum GIS.

vi. Alpha-diversity analysis for the twelve
conservation mosaics supported by the Gordon and

Betty Moore Foundation

To determine the areas of greatest vertebrate diversity in
South America and the Amazon basin and thereby show the
representativeness of the conservation mosaics supported by
the Gordon and Betty Moore Foundation we described the
alpha-diversity of each vertebrate group. To date global efforts
to determine species concentrations have used pixels of 10
km? or greater (Myers et al. 2000, Jenkins et al. 2013, Roll et a/.

2017). Here we use a finer pixel size of 1 km?.



Geospatial information on IUCN species distributions was projected on WGS 84/World Mercator (EPSG:3395). Using the SAGA
geoprocessing rasterize tool (Conrad et al. 2015), we generated raster data for each terrestrial vertebrate species using 1x1 km sized

pixels, reclassifying values, where a value of 1 was assigned to pixels with presence, and 0 to those without presence.

Finally, using the geoprocessing raster calculator, we analyzed species distributions as a function of IUCN conservation state: Extinct
(EX), Critically Endangered (CR), Critically Endangered & Possibly Extinct (CR PE), Critically Endangered & Extinct in the Wild (CR EW),
Endangered (EN), Vulnerable (VU), Near Threatened (NT), Least Concem (LC), Data Deficient (DD) and Not Evaluated. For the alpha-

diversity analyses we summed the different conservation status raster's, with the exception of the Extinct, and Extinct in the Wild

categories.







RESULTS

Firstly, we describe the biological diversity of the terrestrial vertebrate
groups in the twelve conservation mosaics supported by the Gordon
and Betty Moore Foundation, comparing expected and confirmed
species. We also describe the representativeness of vertebrate
diversity within the twelve conservation mosaics for the Amazon

basin, South America and the world.

i. Number of expected and confirmed species for
four vertebrate groups in the twelve conservation
mosaics supported by Gordon and Betty Moore

Foundation

The twelve conservation mosaics supported by the Gordon and
Betty Moore Foundation harbor an estimated 3,836 species of
amphibians, reptiles, birds and mammals, of which 3,099 species
have already been confirmed within the total mosaic area. Thus,
737 species have yet to be reported by scientists, and therefore
confirmed, in the twelve mosaics. The total number of expected
terrestrial vertebrates in each conservation mosaic varies between
1,284 and 2,034 species (with between 430 and 1,708 species
confirmed) (Figure 2). The difference in the quantity of expected
versus confirmed terrestrial vertebrate species is rather consistent
across the twelve mosaics (Figure 2), with the mosaics with the lowest
number of expected species, such as Ampiyacu, also displaying the
lowest number of confirmed species, and the mosaics with highest
number of expected species, such as MadidiTambopata, also

displaying the highest number of confirmed species.




The mosaics in the western Amazon, particularly Madidi-
Tambopata with 2,034 expected species (1,708 confirmed),
Upper Purus with 1,972 expected species (1,747 confirmed),
and Yasuni-Pastaza with 1,805 expected species (1,470
confirmed), are the conservation mosaics with the greatest
diversity of amphibians, reptiles, birds and mammals. The
other mosaics have less expected species, with rather similar
numbers between 1,367 and 1,575 expected species (876
to 1,215 confirmed species), except Ampiyacu which has
notably less confirmed species (565) in comparisson to

expected species (1,348).

Ampiyacu, ltenez-Rondonia, Calha Norte, Upper Rio Negro
and Yavari-Samiria are the conservation mosaics with the
greatest number of expected, but as yet unconfirmed,
vertebrate species (487 to 854 species; Figure 2). In contrast,
the mosaics with the least number of unconfirmed but
expected terrestrial vertebrate species: Upper Purus (225
species), Madidi-Tambopata (326 species), Madeira (330
species) and Xingu (356 species).

Similarly, the expected and confirmed species data can
be examined for each terrestrial vertebrate group (Figure
3), for example, between 680 and 1,240 species of birds
are expected in the conservation mosaics (645 to 1,197
confirmed species), between 132 and 225 expected species
of amphibians (63 to 169 confirmed species), between 197
and 271 expected species of reptiles (85 to 161 confirmed
species), and between 242 and 335 expected species of

mammals (106 to 264 confirmed species). Again, Madidi-
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Figure 2: Number of Expected and Confirmed Species in each
Vertebrate Group in the 12 Conservation Mosaics supported by the
Gordon and Betty Moore Foundation
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Tambopata and Upper Purus are the conservation mosaics
with the highest expected species numbers for birds (up to
1,240 species, with 1,197 confirmed species), amphibians
(up to 225 species, with 169 confirmed species) and
mammals (up to 335 species, with 264 confirmed species).
Yasuni-Pastaza, Chiribiquete-Caqueta, Madeira and Yavari-
Samiria also have high numbers of each vertebrate group,
with Yasuni-Pastaza the conservation mosaic with most
confirmed amphibian species, and Xingu the conservation
mosaic with the highest number of expected reptile species.
In contrast, Ampiyacu is the conservation mosaic with the
least number of reptiles (197 expected species and 85
confirmed species), birds (680 expected species and 645

confirmed species) and mammals (242 expected species

-27 -

and 106 confirmed species). Upper Rio Negro and ltenez-
Rondonia also have lower expected and confirmed species
for birds and mammals, and Yavari-Samiria, Upper Rio
Negro and Chiribiquete-Caqueta also have lower numbers
for reptiles. Finally, Itenez-Rondonia, Calha Norte and
Lower Rio Negro have the lowest number of expected and

confirmed amphibian species.



ii. Representativeness of biological diversity of

the twelve conservation mosaics supported by

the Gordon and Betty Moore Foundation

The Amazon basin is home to 5,756 species of the four
terrestrial vertebrate groups (Figure 4), representing
56.94% of all South American species (10,108 species).
The twelve conservation mosaics cover 53.84 % of the
Amazon basin, and are expected to harbor 3,836 species
of amphibians, reptiles, birds and mammals, representing
66.64% of Amazon species. The 3,099 terrestrial vertebrate
species confirmed as present within the twelve conservation
mosaics to date represent 53.84% of Amazon species. The
twelve conservation mosaics occupy 22.7% of the continent
and harbor 37.95% of all South American amphibians,
reptiles, birds and mammals. The confirmed species make
up 30.66% of South American amphibians, reptiles, birds
and mammals. Globally, in 3% of the terrestrial land cover,
expected amphibian, reptile, bird and mammal diversity

accounts for 10.51% of the world's diversity.

Birds have the greatest expected diversity in the twelve
conservation mosaics (Figure 4) with 2,002 species (1,695
confirmed species), followed by mammals with 670
expected species (506 confirmed species), reptiles with 585
expected species (415 confirmed species), and amphibians

with 579 expected species (483 confirmed species).

Comparing these numbers with the expected species for the
Amazon basin and South America, demonstrate that 76.66%
of Amazon mammals are expected to occur in the twelve
conservation mosaics, with 57.89% of Amazon mammals
confirmed within the mosaics to date. For birds, 80.02% of
Amazon species are expected to occur in the mosaics, with
67.75% of Amazon species already confirmed within the
mosaics. Indeed, the number of bird species expected to
occur within the conservation mosaics represent 55.5% of
all South American species (46.99% already confirmed), and
the number of mammal species expected to occur within
the conservation mosaics representing 48.38% of all South
American species (36.53% already confirmed). At a global
scale, there are more marked differences in the proportions
(Figure 4): the conservation mosaics are expected to harbor
18% of the worlds bird species (15.23% already confirmed),
compared to 10.47% of the world's mammal species (7.91%

already confirmed).

For amphibians, the conservation mosaics are expected to
harbor 42.89% of Amazon amphibians (35.78% already
confirmed), 19.82% of South American species, and 7.22%
of the world's amphibian species (6.02% already confirmed).
For reptiles, the values are higher for the Amazon (56.8%)
and South America (26.65%), but lower at the global scale
with 5.33% of reptiles the worlds reptiles expected to occur

in the conservation mosaics (3.78% already confirmed).
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iii. Contribution of the twelve conservation mosaics supported by the Gordon and Betty Moore Foundation

towards biodiversity conservation

We determined alpha-diversity across South America for amphibians, birds and mammals exclusively using available distribution

polygons from the IUCN.

a.Amphibians

» Amphibian species richness for South America (Figure 4) highlights the concentrations of species per km? in the Amazon basin,

especially the western Amazon where concentrations reach up to 134 species per km?. Although amphibians have the lowest number

f of species and the lowest levels of representativeness of the vertebrate groups within the twelve conservation mosaics supported by
-

\ the Gordon and Betty Moore Foundation (Figure 3), the analysis highlights that these mosaics are placed within the highest species
X concentrations of amphibian diversity per km? in South America, for example, Yasuni-Pastaza, Ampiyacu, Yavari-Samiria, and part of
i " Upper Purus and Madeira.
ﬂ The areas with the highest concentration of threatened species according to the IUCN also highlight the importance of the conservation

mosaics (Figure 5). Yasuni-Pastaza and Upper Purus protect areas with between 1 and 7 Critically Endangered (CR) species per
km?. Yasuni-Pastaza, Yavari-Samiria, Ampiyacu and Upper Purus have areas with concentrations of Endangered (EN) species. Other
conservation mosaics have concentrations of Vulnerable (VU) species, between 1 a 15 species per km? in Lower Rio Negro, Calha
Norte, Chiribiquete-Caqueta, Upper Rio Negro, Ampiyacu, Yavari-Samiria, Yasuni-Pastaza, Upper Purus, Madidi-Tambopata and a small
portion of Xingu. Given the overall importance of the Amazon for amphibian diversity, this analysis underlines the importance of the

& conservation mosaics foramphibian conservation, including threatened species.
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Figure 5: Threatened Amphibian Species Richness per km?in South America using IUCN (2018) Red Lists. Threatened
Categories: Critically Endangered (CR); Endangered (EN); Vulnerable (VU); Near Threatened (NT); Least Concern (LC); Data
Deficient(DD).






b. Mammals

The majority of the areas with the greatest concentration of mammal species in South America are found in the Amazon basin
(Figure 6).Again, the areas with the highest concentrations of up to 216 species per km?are in the Western Amazonon, highlighting

the importance of the Yasuni-Pastaza, Yavari-Samiria, Ampiyacu, Upper Purus and Madidi-Tambopata conservation mosaics.

The areas with the highest concentrations of threatened mammals according to the IUCN (Figure 7) reveal that the Amazon is
especially relevant for most threatened categories (LC, NT, VU, EN). Nevertheless, this is not the case for the Critically Endangered
category (CR), with concentrations of up to 3 species per km?in Colombia, Brazil and small portions of Bolivia, Ecuador, Argentina,

Peru and Chile.

The Chiribiquete-Caqueta conservation mosaic has small areas with concentrations of the most threatened species, although

ltenez-Rondonia, and parts of Madeira, Xingu and Calha Norte have concentrations of Endangered (EN) mammal species.
Vulnerable (VU) species are concentrated in Yavari-Samiria and Calha Norte, as well as concentrations of species in the LC, NT and

DD categories.
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Figure 7: Threatened Mammal Species Richness per km? in South America using [IUCN (2018) Red Lists. Threatened Categories: Critically
Endangered (CR); Endangered (EN); Vulnerable (VU); Near Threatened (NT); Least Concem (LC); Data Deficient (DD).

-37-



Rupicola peruviana




b. Birds

The majority of the areas with the greatest concentration of bird species in South America are found in the Amazon basin (Figure 6).
Once again, the areas with the highest concentrations of up to 596 species per km?are in the western Amazon, highlighting the
importance of the Yasuni-Pastaza, Yavari-Samiria, Ampiyacu, Upper Purus conservation mosaics, and parts of Madidi-Tambopata,

Madeira, Calha Norte and Xingu conservation mosaics.

The areas with the highest concentration of threatened bird species according to the lower threatened IUCN categories (NT, LC)
in South America (Figure 9), are predominantly found in the Amazon, whereas Endangered and Vulnerable concentrations are
predominantly concentrated outside the Amazon. In South America concentrations of Critically Endangered species reach 4
species per km? and are found in eastern Brazil and small portions of Bolivia, Ecuador, Argentina, Perd y Chile, and within the

Madidi-Tambopata conservation mosaic. .
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Figure 9: Threatened Bird Species Richness per km?in South America using IUCN (2018) Red Lists. Threatened Categories:
Critically Endangered (CRY); Critically Endangered & Possibly Extinct in the Wild (CRPEW); Critically Endangered & Possibly Extinct
(CRPE); Endangered (EN); Vulnerable (VU); Near Threatened (NT); Least Concern (LC); Data Deficient (DD).
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Figure 10 compares the total number of speciesin the twelve
conservation mosaics, the Amazon basin and South America,
in each taxonomic group and in each IUCN category:
Critically Endangered (CR), Endangered (EN), Vulnerable
(VU), Near Threatened (NT), Least Concern (LC) and Data
Deficient (DD), highlighting that in general the majority of

species are considered Least Concern.

Amphibians have the highest number of species in the
more threatened categories (EN, CR) within the conservation
mosaics supported by the Gordon and Betty Moore
Foundation, and the Amazon basin and South America
in general. Meanwhile, amphibians and mammals have
the highest number of species classified as Data Deficient

(Figure 10).



MOORE MOSAIC AMAZON BASIN SOUTHAMERICA
Amphibians

Reptiles

2,862 *

2 142w 13 a2

.54 53

119 L 146
bt 06

Mammals

o 229

9

28

46375 580~ 8
103

67

20
AR 0 ST T TN AN TR - NSRS M

Figure 10-Numberof Species in the GBMF Conservation Mosaics, Amazon Basin and South America according to [UCN Conservation Status: e 5
B Extinct; M Extinct in the Wild; B Critically Endangered; B Endangered; M Vulnerable; * At Risk/Conservation Dependent;
Near Threatened; MLeast Concern; M Not Assessed.




H

CONCLUSIONS

In summary, from a biodiversity conservation perspective, the twelve conservation mosaics that the Gordon and Betty Moore
Foundation has supported over the last 15 years are individually valuable, including some of the most biologically diverse
places on Earth. Indeed, when analyzed collectively the conservation mosaics are making an extraordinary contribution
towards the conservation of Amazonian, continental and global biodiversity. The twelve conservation mosaics cover 53.84%
of the Amazon basin and are expected to hold 3,836 species, representing 66.64% of Amazon species, 37.95% of South
American species and 10.51% of species in the world. As expected these percentages are higher for mammals (76.66%
Amazon species, 48.38% South American species, 10.47% global species) and birds (80.02% Amazon species, 55.5% South
American species, 18% global species), which tend to have larger distributions than reptiles (56.8% Amazon species, 26.65%
South American species, 5.33% global species) and amphibians (42.89% Amazon species, 19.82% South American species,

7.22% global species).

Our study underlines the pressing need for further efforts to document biodiversity across the Amazon including the
confirmation of these expected vertebrate lists in the conservation mosaics supported by the Gordon and Betty Moore

Foundation. Recent efforts such as Identidad Madidi in Bolivia and Nuna in Ecuador are emphasizing the importance of

communicating the extraordinary biological diversity of flagship conservation areas, as well as revealing the presence of

significant numbers of undescribed vertebrate species at these globally outstanding locations.

Finally, it is important to emphasize that the numberand size of the conservation mosaics supported by the Gordon and Betty
Moore Foundation may not be ideal in terms of maximizing biodiversity conservation, as hundreds of smaller units across
the Amazon basin would cover a larger percentage of Amazonian biodiversity. However, conservation efforts have many goals
and objectives and from the perspective of conserving wider ranging species with greater individual area needs including
iconic wildlife such as jaguars, white-lipped peccaries, scarlet macaws, Andean bears and giant otters, the conservation mosaic
approach is an effective strategy. Similarly, this larger scale approach also contributes towards maintaining forest cover in the

Amazon, promoting effective watershed management, as well as ensuring critical ecosystem function and services.
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Appendix
Criteria for Estimated Species Distribution Polygons according to the IUCN, regarding Species Presence, Origin and Temporality
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