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INTRODUCTION

Biodiversity is a biological concept that describes the variability of all living things and can be measured and
observed by the number of biological elements that coexistin certain dimensions of time and space (Cayuela
&Granzow-de la Cerda, 2012). These variations are recognized in genes, individuals, species, communities
and ecosystems. Species diversity includes speciation processes, population interaction, and extinctions,
while ecosystem diversity includes ecological processes and interaction among different species (Ibisch,
2003). Genetic diversity provides organisms with small distinctions that determine differential survival and
reproduction, which allow the evolution of species through natural selection processes (Jiménez-Sierra,
2016).

Biological diversity is not homogeneously distributed on the planet, and the largest nations are not
necessarily the most diverse. On a global scale, there are more species per unitarea in the tropical regions
than in those with temperate or cold climates (Jiménez-Sierra, 2016). Tropical forests cover only 10% of the
earth’s surface. However, their importance on a global scale is significant because in addition to hosting
more than 70% of the total species of mammals, birds, reptiles, amphibians, plants and insects on the planet
(Malhi, 2000; Groombridge, 2003; UNEP, 2010), they capture and process large amounts of carbon released
into the atmosphere by human activity due to the consumption of fossil fuels (Wright, 2010). Through
satellite images, it has been estimated that tropical forests cover about 11 million km? (Achard, 2007). The
largest area is in the Americas (55%), followed by Asia (33.8%) and Africa (11.2%). Thus, the tropical region
of the American continent, also known as the Neotropics, is of great interest for the study of biodiversity and

its conservation (Cayuela & Granzow-de la Cerda, 2012).

South America holds almost half of the world's tropical forests and is the most biologically diverse region in
the world (UNEP, 2010). Of the 14 countries that make up this region, eight of them include portions of the
Amazon region: Brazil, Peru, Ecuador, Colombia, Bolivia, Guyana, Suriname, French Guiana and Venezuela.
According to the classification of South American bird species (BirdLife, 2018), the total number of species is
3,607, of which 2,502 are found in the Amazon. As for amphibians, the AmphibiaWeb portal records a total
of 2,921 species for South America and 1,350 species for the Amazon. Finally, in the case of mammals, the
International Union for Conservation of Nature (IUCN, 2019) reports that South America has 1,385 species,

of which 874 are found in the Amazon.






Currently, biodiversity faces threats that are also not evenly distributed over the surface of the planet.
Large-scale destruction, degradation, and pollution of natural habitats, along with the introduction
of exotic species and the effects of climate change, threaten biodiversity today. For these reasons,
and considering that the Andes-Amazon is one of the regions with the greatest biodiversity and
endemism, it is important to identify priority areas for conservation (Buytaert et al., 2011; Young et
al. 2015).

The Wildlife Conservation Society (WCS) implements a successful landscape conservation program
accross the world, based on wilderness sites relevant for their outstanding biodiversity and wildlife
values.The WCS mission is to save wildlife and natural landscapes around the world through science,
conservation action, education, and inspiring people to value nature. To this end, WCS focuses its
efforts on 15 regions of the world that include landscapes and seascapes, which are characterized
by encompassing intact natural areas, representing the planet's biodiversity and being resilient to
climate change or providing opportunities for species to adapt to environmental changes. One of
these regions is formed by the Andes and the Amazon, harboring the largest tropical forest and the
largest freshwater network in the world, providing a wide variety of extraordinary environmental
services. WCS has prioritized five landscapes in the Andes-Amazon that integrate protected areas,

indigenous territories and natural spaces.

Determining the biological diversity in each landscape and the groups of landscapes as a whole, and

listing the threatened species and the endemic species they contain, will help to demonstrate the
importance of actions for their conservation. From a biodiversity perspective, this spatially explicit
information can also be used to identify priority areas for conservation. Finally, the results generated
in the analysis herein will help disseminate to decision makers, funders and broader society, the

conservation efforts that WCS carries out in these globally significant landscapes.



OBJETIVES

i. General Objective
e Toestimate the number of vertebrate species in five Andes-Amazon landscapes supported by WCS conservation programs.
i Specific Objectives

e Tocompile theoretical lists of three groups of vertebrates (amphibians, birds and mammals) for each landscape where WCS works,
using available spatial distribution data.

e Systematize information about the presence of three groups of vertebrates (amphibians, birds and mammals) in landscapes
supported by WCS in the Andes-Amazon, and conduct a comparative analysis on reported species versus expected species
according to the theoretical lists.

e Determinethe percentage of overlap between the five priority landscapes in the Andes-Amazon and published priority conservation

units for five landscape species.

METHODS

The study area is delimited by the Amazon basin. This hydrogeographic area comprises approximately 6.3 million km? (Milliman

& Farnsworth, 2011). WCS has prioritized its conservation efforts in the following five landscapes in the Amazon Basin (Figure 1):

e Pie de Monte/Putumayo (Colombia)
e Yasuni(Ecuador)

e RioNegro(Brazil)

e Maraiién-Ucayali (Peru)

e MadidiTambopata (Bolivia &Peru)

To systematize information on the species in the five landscapes, three groups of vertebrates were initially selected: amphibians, birds
and mammals, as there is a greater knowledge the spatial distribution of these groups. We compiled spatial data (in ESRI format)
obtained from the IUCN (International Union for Conservation of Nature), through the http://www.iucnredlist.org/technical-documents/

spatial-data portal and from Birdlife (2018).
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Figure 1: Limits of the Amazon basin and five landscapes supported by the Wildlife Conservation Society (WCS)
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To generate a final list of expected species for each of the
conservation landscapes supported by WCS in the Andes-
Amazon, an intersection was made between the spatial data
for each species in the selected vertebrate groups and the

conservation landscape limits.

Regarding the species reported and confirmed as present in
each of the landscapes, species lists and information on the
presence of vertebrates (amphibians, birds and mammals)
were compiled from biodiversity surveys and/or studies
conducted by WCS. In addition, a thorough review of different
bibliographic sources related to biological inventories was
carried out for each landscape, including protected area

management plans, indigenous territory life plans, technical

documents and other sources that refer to each landscape.
The information on reported and confirmed species was
assembled for the Madidi-Tambopata, Marafién-Ucayali, Rio
Negro, and Yasuni landscapes, whereas for the Pie de Monte/
Putumayo landscape only a theoretical list of possible species
present was obtained. Therefore, information on reported

species for this landscape was not included in the analysis.

Based on this information, a list of confirmed amphibians,
birds and mammals was elaborated for each landscape.
Finally, these confirmed species lists were compared with
the lists of expected species, thus obtaining a total number

of registered species and expected species in each of the five

landscapes.




The taxonomic nomenclature varied among different sources, e Mammals: The species lists of Salazar-Bravo (2002),
it was therefore important to standardize information for each Wilson & Reeder (2005), Gardner (2008), Wallace
group: and colleagues (2010), IUCN (2019) and Patton and
colleagues (2015) were used as the main taxonomic
e Amphibians: The list of registered and expected species sources.
was compared with the taxonomic data of the IUCN
(2019), AmphibiaWeb (2018) and the American Natural
History Museum (2018), using the latter two as the main

taxonomic reference sources.

e Birds: The IUCN/BirdLife species list was compared with
the BirdLife list (2018), and the latter selected as the

main taxonomic reference source.

Lagidium viscacia-Omar Torrico/WCS




The analysis of the diversity of amphibians, birds and mammals that characterizes the Andes-Amazon region is

presented on two levels: by country and by landscape. Comparisons of reported species with expected species at
the level of the Amazon, South America and the world are alse shown. It should be noted that the information on
expected species comes from the spatial database of the International Union for Conservation of Nature (IUCN,
2018).The registered species data was collected from different sources in each landscape and provided by the WCS

programs in the countries that collectively make up the WCS conservation program in the Andes-Amazon.







a.Amphibians
Bolivia. According to data obtained from the AmphibiaWeb portal
(2019) and the IUCN (2019), the total number of amphibians
reported in the country is 284 species. In the Madidi landscape, 111
species have been recorded (Emmons, 1990; SERNAP, 2007; SERNAP
& CRTM, 2009; Domic et al., 2012), which corresponds to 39.08%
of Bolivia's amphibians. This number will increase with the new
records generated in ongoing research such as the Identidad Madidi
scientific expedition. Comparing the species recorded in the Madidi
landscape with the expected species in the Amazon (1,350) (IUCN,
2018), it has been estimated that 8.22% of Amazonian amphibians
are found in the landscape. In addition, it is home to 3.8% of the
amphibian species of South America and 1.38% of those in the world

(AmphibiaWeb, 2019).

Peru.AmphibiaWeb data (2019)indicates that Peru has a total of 662
species. According to the data reviewed (Emmons &Rodriguez, 1994;
Rodriguez & Knell, 2003), the number of amphibians estimated
for the Tambopata and Yavari Samiria landscapes amounts to 110
species, which corresponds to 17,68% of the country's amphibians.
This estimated number is equivalent to 8.14% of Amazonian
amphibian species, 3.7% of those in South America and 1.37% of

those in the world.

Ecuador. The total number of amphibians expected in Ecuador is
576 species (AmphibiaWeb, 2019). According to the data reported in
different sources of landscape biodiversity surveys (Ortiz & Morales,
2000; Ortega, 2010), 139 species have been identified in the
Yasuni landscape. This number is equivalent to 24.13% of Ecuador’s
amphibian species, 10.3% of those in the Amazon, 4.76% of those in

South America, and 1.27% of those in the world.

18




Boana geographica-Robert Wallace/WCS




Colombia. The total number of amphibians estimated for Colombia is 792 species (AmphibiaWeb, 2019). However, little bibliographic
information was found to estimate the number of amphibians present in the Pie de Monte/Putumayo landscape (Betancourth-Cundar,
2010). According to information obtained from spatial data on amphibian distribution from the IUCN (2019) and the Global Biodiversity
Information Facility (2016), we estimate that approximately 196 species occur in this landscape. Although this information gives us an idea
of expected species that may be present, itisimportant to clarify that it represents only the potential species in the area, and not the reported

Species.

Brazil. AmphibiaWeb (2019) reports that the number of species for Brazil totals 1,103 amphibians. From different sources and data
provided by WCS Brazil, 102 amphibians were identified in the Rio Negro landscape, representing 9.24% of the amphibians in Brazil and
7.56% of those in the Amazon. In addition to the Amazon, Brazil has many different biomes, so the total number of species in the country is
greater than the number of species in the Amazon. The reported species represent 3.49% of the amphibian species in South America and

1.27% of those in the world.

Finally, Table 1 details the number of amphibian species reported in each of the landscapes and the comparisons with the different spatial

levels (country, Amazon, South America and world).

Table 1: Number of amphibian species reported in the landscape of each country and the total number of amphibian species estimated for each
country, the Amazon, South America and the world. For Colombia, no data was available for reported species in the Pie de Monte/Putumayo

landscape.
COUNTRIES Bolivia Peru Ecuador Colombia Brazil
(Landscapes) (Madidi) (Tambopata/Marafién-Ucayali) ( Yasuni) (Pie de Monte/Putumayo) (Rio Negro)
Number of reported amphibian species 11 110 139 - 102
Total number of amphibian species in country 284 622 576 792 1.104
Percentage of amphibians in country 39.08% 17.68% 24.13% - 9.24%
Percentage 9famph|b|an species in the Amazon 8.22% 8.14% 10.3% i 7.56%
(1,350 species)
Perce.ntage of amph|b|an species in  South 3.8% 3.7% 476% i 3.49%
America (2,921 species)
Percentage of amphibian species in the world 1.38% 137% 173% i 1.27%

(8,018 species)

20






The following analysis contrasts the number of amphibians reported with the number of amphibians expected in each landscape. The
expected amphibian numbers are the result of the intersection of the IUCN (2019) spatial data on amphibian distribution and the
boundaries of each WCS Andes-Amazon conservation landscape. The data reported for each landscape is the result of systematization of

bibliographic sources, as well as data sent by each of the WCS programs.

Madidi-Tambopata Landscape. This transboundary landscape is shared by Bolivia and Peru. According to information from the IUCN
(2019), itis estimated that there are 203 species of amphibians in the landscape. Recorded species from research and different bibliographic
sources (Emmons, 1990; Emmons & Rodriguez, 1994; Domic et al., 2012) amount to 118 amphibian species. This indicates that there is
corroborated knowledge about the presence of 58.13% of expected amphibian species for this landscape. The data on reported species
show that the landscape is home to 8.73% of Amazonian amphibians, 4.04% of South American amphibian, and 1.47% of amphibians

worldwide.

Maraiion-Ucayali Landscape. A total of 207 species of amphibians were estimated for this landscape. According to bibliographic
references (Rodriguez & Knell, 2003) and data from WCS Peru, 60 amphibian species have been identified in this landscape, representing
29% of amphibian species expected in this landscape, constituting 4.44% of the amphibians of the Amazon, 2.05% of those of South

America, and 0.75% of the world.

Yasuni Landscape. The number of amphibian species estimated for this landscape is 231. Published records (Ortiz & Morales, 2000;
Ortega, 2010) and data from WCS Ecuador report 139 species, representing 60.17% of the amphibian species expected for this landscape.

The registered species represent 10.3% of the amphibians of the Amazon, 4.76% of those of South America, and 1.73% of those of the world.

Pie de Monte/Putumayo Landscape. The number of amphibian species expected in this landscape is 198 species. Due to the limited
literature available for the three vertebrate groups in this landscape (Betancourth-Cundar, 2010), there is not enough information to define
a given number of confirmed amphibians in this landscape. If expected species data were considered, they would represent 13.11% of the

amphibian species presentin the Amazon, 6.06% at the level of South America, and 2.21% at the global level.

Rio Negro Landscape. According to bibliography and data from WCS Brazil, the number of species registered in this landscape is 102

amphibians, while expected species reach 144 species, with registered species representing 70.83% of expected species. The species

registered so far correspond to 7.56% of the amphibians in the Amazon, 3.49% of those in South America, and 1.27% of those in the world.
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Table 2 details the percentage of representativeness of each landscape at the level of the Amazon, South America and the world. Figure 2
contrasts reported species in each of landscape with those expected to occur.
Table 2: Number of reported and expected amphibian species for each of the Andes-Amazon landscapes supported by WCS and comparison of

reported amphibian species with estimated amphibian species totals for the Amazon, South America and the world. Only expected species are
included for the Pie de Monte/Putumayo landscape in Colombia.

207 139 231 177 102 144 264 508
58.13% 29% 60.17% - 70.83% 52%
874% 15.04% 4.44% 1533% 10.3% 17.11% - 13.11%  7.56% 10.67% 19.56% 37.63%
404%  695% 2.05% 7.09% 476% 7.91% - 6.06% 349% 493%  9.04% 17.39%
147%  253% 0.75% 2.58% 1.73%  2.88% - 2.21% 127%  1.8%  329%  6.34%
250 231
203 207
200 177
144
150 139
118
102
100
60
50
0
Madidi-Tambopata Marafién-Ucayali Yasuni Pie de Monte Rio Negro

Reported I Expected

Figure 2: Number of reported and expected amphibian species for each of the Andes-Amazon landscapes supported by WCS. Only
expected species are included for the Pie de Monte/Putumayo landscape in Colombia.
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Bolivia. According to data obtained from BirdLife (2018), the total
number of bird species for this country is 1,438. In the Madidi
landscape, 1,055 bird species have been registered (Parker, 1990;
Herzog et al., 2016; Avibase, 2016; eBird, 2016), corresponding
to 73.37% of Bolivia's bird species. The species registered in the
Madidi landscape amount to 42.17% of expected species in the
Amazon (2,502), 29.25% of birds in South America, and 9.48% of

birds worldwide.

Peru. BirdLife (2018) data show that Peru is home to 1,888 bird
species. According to the bibliographic sources reviewed (Lane &
Flores, 2003), the number of birds registered in the Tambopata
and Marafién-Ucayali landscapes is 828, corresponding to 43.86%
of the species present in the country. Likewise, this number is
equivalent to 33.09% of the bird species of the Amazon, 22.96% of

those of South America, and 7.44% of those of the world.

Ecuador. According to BirdLife data (2018), Ecuador has a total
of 1,687 bird species. Bibliographic sources (Benitez & Sanchez,
2000) and information obtained from WCS Ecuador, show that
751 bird species have been registered in the Yasuni landscape,
which corresponds to 44.52% of the birds in the country. In tumn,
this number is equivalent to 30.02% of the bird species in the
Amazon, 20.82% of those in South America, and 6.75% of those

in the world.
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Colombia. The number of birds estimated for Colombia is 1,905 species (BirdLife, 2018). It was not possible to collect information on the
species registered in the Pie de Monte/Putumayo landscape. Using expected species data generated using spatial data from IUCN and
BirdLife (2018), indicates that this landscape could contain 1,047 bird species, equivalent to 54.96% of the birds in Colombia, 41.85% of

those in the Amazon, 29.03% of those in South America, and 9.4% of those in the world.

Brazil. The number of birds reported by BirdLife (2018) for Brazil amounts to 1,813 species. In the Rio Negro landscape, according to data
from WCS Brazil, 660 bird species are registered. This number represents 36.4% of the birds present in Brazil, 26.38% of the birds in the

Amazon, 18.3% of those in South America, and 5.93% of those in the world.

Finally, Table 3 details the number of bird species reported in each landscape compared with the different spatial levels (country, Amazon,

South America and world).

Table 3: Number of birds species reported in the landscape of each country and the total number of birds species estimated for each
country, South America and the world. For Colombia, no data was available for reported species in the Pie de Monte/Putumayo landscape.

751 = 660

1,055 828

1,438 1,888 1,687 1,905 1,813
73.37% 43.86% 44.52% = 36.4%
42.17% 33.09% 30.02% - 26.38%
29.25% 22.96% 20.82% - 18.3%

9.48% 7.44% 6.75% - 5.93%
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The following analysis contrasts the number of birds reported with the number of birds expected in each landscape. The expected bird
numbers are the result of the intersection of the BirdLife (2018) spatial data on bird distribution and the boundaries of each WCS Andes-
Amazon conservation landscape. The data reported for each landscape is the result of systematization of bibliographic sources, as well as

data sent by each of the WCS programs.

Madidi-Tambopata Landscape. According to Birdlife (2018) spatial information, we estimate that 1,243 bird species are present in this
landscape. The species reported in different bibliographic sources for this landscape (Parker, 1990; Parker et al., 1994; Stotz et al., 2002)
amount to 1,183 birds. This indicates that 95.17% of the bird species expected in the landscape have been confirmed to date. These data

also show that this landscape is home to 47.28% of birds in the Amazon, 32.8% of those in South America, and 10.63% of those in the world.

Maraiién-Ucayali Landscape. We estimate a total of 963 bird species for this landscape. Bibliographical references (Lane & Flores, 2003)
report 397 bird species in this landscape, representing 41% of expected species. This number of species represents 15.87% of birds in the

Amazon, 11% in South America, and 3.57% in the world.

Yasuni Landscape. For this landscape we estimate a total of 1,086 bird species. Bibliographic sources (Benitez & Sanchez, 2000; eBird,
2016), and data provided by WCS Ecuador, revealed that 757 species are reported in the landscape, which corresponds to 69.15% of
expected species. The registered species represent 30% of Amazonian bird species, as well as 20.82% of birds in South America, and 6.75%

of bird species in the world.

Pie de Monte/Putumayo Landscape. For this landscape, only IUCN spatial distribution data (2019) s available, which estimates 1,092

expected bird species in the landscape. There is no information available on registered species.
Rio Negro Landscape. The total number of expected birds is 849 species (BirdLife, 2018) and WCS Brazil systematized a total of 660
reported species in the landscape, which represents 77.74% of expected species. Likewise, the registered species represent 26.38% of

Amazonian species, 18.3% of those in South America, and 5.93% of species in the world.

Table 4 details the percentage of representativeness of each landscape at the Amazon, South America and global levels. Figure 3 contrasts

the expected species versus the species reported in each landscape.

28



Table 4: Number of reported and expected bird species for each of the Andes-Amazon landscapes supported by WCS and comparison of
reported amphibian species with estimated bird species totals for the Amazon, South America and the world. Only expected species are

included for the Pie de Monte/Putumayo landscape in Colombia.

397

963 751 660 849

1,183

1,243 1,086 1,092 1,514 1,836

95.17% 41% 69.15% ° 77.74% 82%
47.28%  49.68% 1587%  3849% 30.02%  43.41% = 43.65%  2638% 33.93% 60.51%  73.38%
328%  3446% 11.01%  267%  20.82% 30.11% - 3027%  183%  23.54% 41.97%  50.9%
10.63% 11.17%  3.57%  8.66%  675%  9.76% = 9.81% 593%  7.63% 13.61%  16.5%

B Reported NN Expected

Figure 3: Number of reported and expected bird species for each of the Andes-Amazon landscapes supported by WCS. Only expected
species are included for the Pie de Monte/Putumayo landscape in Colombia.
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Bolivia. [IUCN (2019) data estimates 432 mammal species
for Bolivia. In the Madidi landscape, 253 species have been
confirmed (Wallace et al., submitted), which is equivalent to
58.56% of the mammals in Bolivia. Comparisons of mammal
species registered in the Madidi landscape and expected species
in the Amazon (IUCN, 2019), 28.94% are found in Madidi, which
also hosts 18.26% of South American mammals, and 3.95% of

global mammals (Wilson & Reeder, 2016).

Peru. Using IUCN data (2019) we estimate 517 species of
mammals for Peru. According to literature (Salovaara, 2003;
Romo & Emmons, 1991) and data at WCS Peru, the total
number of species recorded between the Tambopata and Yavari
Samiria landscapes is 256 species, corresponding to 49.52%
of the species estimated for Peru. It also represents 29.29% of
Amazonian mammals, 18.48% of those in South America, and

4% of those in the world (Wilson & Reeder, 2016).

Ecuador. The total number of mammals estimated for Ecuador
is 396 species (IUCN 2019). According to literature (Castro &
Romén, 2000) and the data provided by WCS Ecuador, 168
species have been registered in the Yasuni landscape, which

is equivalent to 42.42% of the estimated mammal species for

the country. The registered species represent 19.22% of the

mammals of the Amazon, 12.13% of those in South America,

and 2.63% of those in the world.




Colombia. IUCN (2019) data allows for an estimate of 498 mammal species for Colombia. Due to information gaps in the Pie de monte/
Putumayo landscape, we did not generate lists of reported species. Using IUCN (2019) data we estimate 278 species for this landscape,
which would represent 55.82% of the mammals in the country, 31.81% of those in the Amazon, 20.07% of those in South America, and

4.34% of those in the world.

Brazil. IUCN (2019) data estimates 690 mammal species for Brazil. In the Rio Negro landscape, according to WCS Brazil, 172 species have
been registered, representing 24.93% of the mammals in the country, 19.68% of those in Amazon, 12.42% of those in South America, and

2.69% of those in the world.

Finally, Table 5 details the number of mammal species reported in each landscape compared with the different spatial levels (country,

Amazon, South America and world).

Table 5: Number of mammal species reported in the landscape of each country and the total number of mammal species estimated for each
country, the Amazon, South America and the world. For Colombia, no data was available for reported species in the Pie de Monte/Putumayo

landscape.
COUNTRIES Bolivia Peru Ecuador Colombia Brazil
(Landsca pes) (Madidi) (Tambopata/Maraiién-Ucayali) ( Yasuni) (Pie de Monte/Putumayo) (Rio Negro)
Number of reported mammal species 253 256 168 172
Total number of mammal species in country 432 517 396 498 690
Percentage of mammals in country 58.56% 49.52% 42.42% 24.93%
Percentage of mammal species in the
28.94% 29.29% 19.22% 19.68%
Amazon (874 species)
Percentage of mammal species in South
. 18.26% 18.48% 12.13% 12.42%
America (1,385 species)
Percentage of mammal species in the world
3.95% 4% 2.63% 2.69%

(6,399 species)
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Asforamphibians and birds, this analysis contrasts the number of mammals reported with the number of mammals expected in each of the
landscapes. The expected mammal numbers are the result of distribution data extracted from the IUCN (2019), combined with the boundary
polygons of each Andes-Amazon landscape supported by WCS. Reported mammals are based on confirmed records extracted from different

bibliographic sources and data sent by each program.

Madidi-Tambopata Landscape. IUCN (2019) data estimates that 316 mammal species are present in this landscape. So far, 253
mammal species have been confirmed in this landscape through prior research (Romo & Emmons, 1991) and information from WCS in
Bolivia and Peru, which corresponds to 80.06% of estimated mammal species for the landscape, 33% of mammals in the Amazon, 20% of

those in South America, and 5% of those in the world.

Marafién-Ucayali Landscape. We estimate 294 species of mammals for this landscape. Bibliographic references (Salovaara, 2003) and
information from WCS Peru, report 233 mammal species, representing 79.25% of expected species in the landscape, 26.66% of Amazonian

mammals, 16.82% of those in South America, and 3.64% of those in the world.

Yasuni Landscape. We estimate 194 mammal species (IUCN 2019) for this landscape. According to bibliography (Castro & Romén,
2000) and WCS Ecuador, 168 species are reported, representing 86.6% of estimated mammals for the landscape, 19.22% of Amazonian

mammals, 12.13% of those in South America, and 2.63% of those in the world.

Pie de Monte/Putumayo Landscape. The total number of mammals expected in this landscape is 292 species. A lack of information

about the number of registered species prevents the same comparisons as for other landscapes.
Rio Negro Landscape. We estimate 268 mammal species in this landscape (IUCN 2019). WCS Brazil confirmed that 172 species have
been reported in the landscape, corresponding to 64.18% of estimated species for the landscape, 19.68% of Amazonian mammals, 12.42%

of those in South America, and 2.69% of the mammals of the world.

Table 6 details the percentage of representativeness of each landscape at the Amazon, South America and global levels. Figure 4 shows the

contrast of the reported species with the expected species in each of the landscapes
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Table 6: Number of reported and expected bird species for each of the Andes-Amazon landscapes supported by WCS and comparison of
reported amphibian species with estimated bird species totals for the Amazon, South America and the world. Only expected species are
included for the Pie de Monte/Putumayo landscape in Colombia.
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Figure 4: Number of reported and expected mammal species for each of the Andes-Amazon landscapes supported by WCS. Only expected
species are included for the Pie de Monte/Putumayo landscape in Colombia.
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The Importance of Landscapes for Biodiversity Conservation

Collectively, within the suite of Andes-Amazon landscapes supported by WCS, 76.76% of the estimated species of birds, mammals and
amphibians have already been registered, representing almost 9% of the worldwide species diversity of these three groups of vertebrates,
30.4% of South American species, and 47.12% of Amazonian species. Using expected species, the five Andes-Amazon landscapes
supported by WCS hold approximately 11% of the worldwide species diversity of these three groups of vertebrates, representing 37% of

South American species, and 61% of Amazonian species (Table 7 and Figure 5).

For amphibians, the reported species analysis shows that the set of Andes-Amazon landscapes supported by WCS hosts approximately 19%
of Amazonian amphibian species, 9% of those in South America, and 3.3% of those in the world. For expected amphibian species, these

percentages double to 38% of Amazonian species, 17% of those in South America, and 6% of those worldwide.

Reported bird species in the set of landscapes amount to 61% of birds registered in the Amazon, 42% of those registered in South America,
and 14% of known species in the world. Expected species analyses increase these percentages to 73% of the birds of the Amazon, 51% of

those of South America, and 17% of global species.

Table 7.Acomparison of the total number of species of amphibians, birds and mammals reported and expected species across all landscapes,
as well as comparisons with the number of expected in species in the Amazon, South America and the world. Only expected species are
included for the Pie de Monte/Putumayo landscape in Colombia.

76.76% confirmed species
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I Total species Reported species I Total species Expected species

Figure 5. Percentage of reported (left) and expected (right) species for three combined vertebrate groups in the Andes-Amazon landscapes
supported by WCS, according to total species for these groups in the Amazon, South America and the world.

Reported mammals in the Andes Amazon landscapes supported by WCS constitute 51% of mammals registered in the Amazon, 32%
of those registered in South America, and 7% of those registered in the world. Expected mammals in the landscapes amount to 64% of

Amazonian species, 40% of those in South America; and 9% of global mammal species.

These figures highlight the extraordinary biodiversity conservation relevance of the five conservation landscapes which WCS supports in the
Andes-Amazon, and the protected areas and indigenous territories therein (Wallace et al., 2020a). While the comparison of the number of

confirmed versus expected species (Figure 6) underlines the need for further research to address information gaps at each site.

Protected areas host an enormous biodiversity including a diversity of plants, fungi, invertebrates, fish, amphibians, reptiles, birds, and
mammals, and also fulfill ecological functions and provide environmental services essential to the life of human communities. In the Andes-
Amazon, protected areas contribute to the regulation of climate due to the large extensions of tropical rainforest, thus maintaining stable

climatic conditions (Killeen et al.,, 2007).
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Figure 6. Percentage of reported (left) and expected (right) species for each of three vertebrate groups in the Andes-Amazon landscapes
supported by WCS, according to total species for these groups in the Amazon, South America and the world.
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Indigenous territories also represent significant biodiversity conservation value (Wallace et al., 2020a), especially given the coexistence
relationship between Indigenous People and nature, especially with regard to forest services. These areas compliment national and
subnational protected areas in the Amazon (ECLAC, 2013), protecting large swathes of tropical forest whilst also contributing to biodiversity

conservation and providing opportunities to improve local livelihoods through natural resource management.

Tropical forests are home to most of the world's terrestrial biodiversity, however, high deforestation rates and loss of fauna, particularly large

mammals, cause direct and indirect negative effects on biodiversity and the biological functions of a diversity of ecosystems (Paviolo, 2016).

For the conservation of the Amazon rainforest, each country has different regulations that protect these teritories, in which they define a

property right regulated by the State and with actions aimed at their protection. The Andes-Amazon landscapes that WCS supports cover 56
million hectares, representing 7.06% of the Amazon (MadidiTambopata: 1.78%; Maraiion-Ucayali: 2.12%; Yasuni: 0.61%; Pie de Monte/

Putumayo: 0.43%; Rio Negro: 2.14%).

Tigrisoma lineatum-Robert Wallace/WCS



The Importance of Landscape Species in the Andes-Amazon

Landscape species have large spatial requirements that can contribute to defining the size and shape of areas that need to be managed for
conservation. These species are considered as indicators of the conservation status and health of the natural environment. They also require a
wide variety of habitats to meet their ecological needs, since they use large areas and have a significantimpact on the structure and function
of ecosystems. They are an important tool for conservation planning, since they play fundamental roles in the design and implementation of

conservation strategies. Thus, landscape species can be considered as a set of "umbrella species” (Wallace & Siles, 2011).

Typically, landscape species meet the following criteria: they represent an umbrella species for the rest of biodiversity, they range at a
landscape scale, they are useful as an indicator species in the face of threats, and they play the role of a keystone species from the perspective
of ecological functions (Sanderson et al., 2002; Figueroa, 2016). In the Andes-Amazon there are several obvious landscape species including
the Andean condor (Vultur gryphus), the Andean bear (Tremarctos omatus), the jaguar (Panthera onca), the white-lipped peccary (Tayassu

pecari), the lowland tapir (Tapirus terrestris) and the giant otter (Pteronura brasiliensis).

We superimposed the spatial data of the priority conservation units for five landscape species with the boundaries of the Andes-Amazon
landscapes. The priority conservation units for each species were identified according to expert-driven collaborative data sets, which include:
i) the current distribution of each species, ii) the historical distribution of each species, iii) areas with important populations, suitable habitat,
stable populations and food resources, and finally, iv) the locations where each species have been recorded (Sanderson et al., 2002). The
percentage of each landscape that overlaps with the conservation units for each species was determined (Figures 7-11), with data for five
species: jaguar (Sanderson et al., 2002), Andean bear (conservation units for Peru and Bolivia) (Wallace et al., 2014), white-lipped peccary

and lowland tapir (Taber et al., 2009) and Andean condor (Wallace et al., 2020b).

Large carnivores, such as the jaguar, are keystone species within tropical forests, as they maintain the balance of biodiversity and ecological
processes (Paviolo, 2016).The jaguaris a classic umbrella species, requiring large areas of habitat. Effective conservation efforts for the jaguar
should guarantee the health of the ecosystem, especially healthy populations of herbivores, as their main prey (Conde et al.,, 2010), and
therefore can benefit other species that coexist with them and whose spatial needs are considerably less (Wallace & Siles, 2011). Studies
show that jaguars in the Amazon are better protected compared to other regions of the continent. The distribution of the jaguar in the
Amazon covers 5.8 million km?, representing 64% of its entire range (9.1 million km?). The identified priority jaguar conservation units
(Marieb, 2006) cover an area of 1.19 million km?, of which 61% are Amazonian areas. Approximately 14% of jaguar conservation units in
the Amazon overlap with the Andes-Amazon conservation landscapes that WCS supports (Figure 7), representing almost 30% of the total

area of the landscapes.
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Figure 7.Map of jaguar (Panthera onca) priority conservation units in the Andes-Amazon and overlap with five landscapes supported by WCS
in the Andes-Amazon.
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Figure 8. Map of Andean bear (Tremarctos ornatus) priority conservation units in the Andes-Amazon and overlap with five landscapes
supported by WCS in the Andes-Amazon.
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Figure 9. Map of white-lipped peccary (Tayassu pecari) priority conservation units in the Andes-Amazon and overlap with five
landscapes supported by WCS in the Andes-Amazon.
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Figure 10. Map of lowland tapir (Tapirus terrestris) priority conservation units in the Andes-Amazon and overlap with five landscapes
supported by WCS in the Andes-Amazon.
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supported by WCS in the Andes-Amazon.
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The Andean bear is a charismatic and threatened species that needs large areas of Andean montane forest, so it has the characteristics of a
landscape species, and has been used as a criterion for planning protected wilderness areas in tropical and subtropical Andean ecosystems
(Peyton, 1999). The Andean bear is Vulnerable (IUCN, 2020), endemic to the tropical Andes and is the only bear species found in South
America. The range of this species is approximately 309,000 km?, which overlaps with the Amazon basin. The analysis of Andean bear
conservation units for Bolivia and Peru defines a total area of 328,000 km? (Wallace et al., 2014), of which 15.77% (51,740 km2) overlap

with the Andes-Amazon landscapes supported by WCS, specifically the Greater Madidi-Tambopata Landscape (Figure 8).

The lowland tapir s also considered a landscape species as a seed disperser it contributes to the maintenance of the ecosystems in which it
lives. Tapirs require relatively large home range areas. The lowland tapir is Vulnerable (IUCN, 2020), with a decreasing population trend. The
total area of its distribution is 13 million km? (Taber et al., 2009), with the Amazon reaching 59% of that distribution (7.69 million km?). Tapir
conservation units cover 5 million km2including 326,881 km? (7.17%) within the conservation landscapes supported by WCS (Figure 9),

representing 57.3 % of the total area of the landscapes.

The white-lipped peccary is one of the most important wildlife species of the Amazon. A classic landscape species, with white-lipped peccary
herds requiring extensive areas for their home ranges, and fulfilling fundamental ecosystem functions as seed consumers and ecological
engineers, itis also a major source of protein forindigenous and local communities that rely on subsistence hunting forfood security. White-
lipped peccaries are Vulnerable (IUCN, 2020), and populations are decreasing due to illegal hunting and habitat loss. It is an omnivorous
species, consuming fruits, roots, tubers, herbs, small vertebrates and invertebrates. Its distribution in the Amazon reaches 7.5 million km?
(Taber et al.,, 2009), representing 43% of its total distribution (17.6 million km2).About 7.4% of white-lipped peccary conservation units
(325,523 km?)in the Amazon overlap with the Andes-Amazon conservation landscapes that WCS supports (Figure 10), representing 57.2%

of the total area of the landscapes.

The Andean condor is another a landscape species, playing a fundamental ecological role as a scavenger, accelerating the decomposition
process of dead animals and thus reducing the risk of diseases associated with carcasses. A regionally significant population of condors
is found within the Madidi-Tambopata landscape (Rios-Uzeda & Wallace, 2006). Despite its important ecological function in the Andean
Amazon ecosystem, this species faces various threats, including indiscriminate hunting, lead contamination and illegal carrion poisoning
(Wallace et al.,, 2020b). According to the IUCN (2020), this species is native to Argentina, Bolivia, Chile, Colombia, Ecuador, Peru and
Venezuela. The total area of distribution of the Andean condor covers 3.2 million km?2 (Wallace et al., 2020b). Its range in the Andes-Amazon
covers 454,000 km? (representing 14% of the total range). Finally, the conservation units of this species cover 329,000 km2, with the
landscapes that WCS supports containing 3% of these units (11,169 km?), distributed mainly in the Greater MadidiTambopata and Yasuni

landscapes (Figure 11).
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The giant otter is the largest otter in the world, but is considered Endangered (IUCN 2020), as it is sensitive to changes and alterations in
aquatic habitats, and is generally found in sites where there are low levels of disturbance, and may be an indicator of the health status
of certain habitats (Zambrana et al. 2009). In addition, it is territorial, requiring large stretches of rivers and adjacent ox-bow lakes, and
feeding on several fish species. Giant otter distribution covers a total area of 6,6 million km, 94% of which is found in the Amazon basin
(approximately 6,2 million km2). Studies of the giant otter in the Madidi-Tambopata (van Damme et al., 2003), Marafién-Ucayali (Aquino
etal., 2001)and Yasuni (Fernsen, 1997; Utreras & Pinos, 2003) landscapes can be used as a baseline for the development of conservation

strategies for this species at the landscape and regional (Amazon) scales.

The marsh deer (Blastocerus dichotomus) s the largest deer in South America, and inhabits wetland savannas. Itis considered Vulnerable by
the IUCN (2020), due to habitat destruction, hunting, and the spread of diseases caused by domestic animals (Rios-Uzeda & Ayala, 2009).
This species is present in the Madidi-Tambopata landscape (Rios-Uzeda & Mourdo, 2012). The distribution of this species in the Amazon

represents approximately 37% of its total distribution (4 million km2).

Three species of river dolphins are found in the Amazon basin (Inia geoffrensis, Inia boliviensis and Sotalia fluviatilis). These species live in
the main rivers, tributaries and lagoons, and even in flood areas. They are top predators in these aquatic systems. However, these dolphins
and aquatic habitats are threatened by human activities such as fishing, deforestation, habitat fragmentation and water pollution (Trujillo et
al,2010).These aquatic species provide a lens for the development of conservation strategies using an integrated watershed management

approach in the Amazon and Orinoco rivers.

In short, the Andes-Amazon landscapes that WCS supports are also key for the conservation of some of the most important stronghold
populations of the most charismatic species of the region, including the Andean condor as the symbol of the High Andes, the Andean bear

as the ambassador for Andean cloud forests, and the jaguar as the wildlife icon of the Amazon.
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RECOMMENDATIONS

This pioneering systematization of the biological diversity of three groups of vertebrates present in the landscapes that WCS supports
in the Andes-Amazon, demonstrates their importance for biodiversity conservation and highlights the conservation efforts that
the Wildlife Conservation Society develops in the Andes Amazon region. This information could be the baseline for estimating the
biological diversity of other landscapes and conservation programs supported by WCS, such as in the Orinoco, Patagonia, Central

America, and the western Caribbean.

The information gathered from different sources offers more detailed information about the characteristics of the species that each

landscape hosts, categorizing them according to their different attributes, such as:

e |dentifying strictly Amazonian species, mostly Amazonian species, or species mostly from other areas but which also occur
in the Amazon, or which strictly belong to other areas.

e Determine the number of threatened species for each landscape.

e Determine species endemism for each landscape.

e |dentify potential biodiversity hotspots within each landscape using the information from the three groups of vertebrates to

establish the greatest concentration of species for each group, and the three groups of vertebrates combined.
The systematized information has already been used to evaluate the contribution of protected areas and indigenous territories to the
conservation of Amazonian biodiversity (Wallace et al. 2020a), and the action portfolios of other important actors in the Amazon, such

as the Gordon and Betty Moore Foundation (Wallace et al. 2020b).

Finally, in the future it would be ideal to include and complement this analysis with information from the other groups of vertebrates

(reptiles and fish), as well as other branches of biodiversity, such as plants and butterflies.
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