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CHAPTER 3

STATUS, TRENDS AND FUTURE
DYNAMICS OF BIODIVERSITY AND
ECOSYSTEMS UNDERPINNING
NATURE’S CONTRIBUTIONS

TO PEOPLE

EXECUTIVE SUMMARY

0 The Americas house a large fraction of the
Earth’s terrestrial and freshwater biodiversity
distributed across 140 degrees of latitude (well
established). Around 29 per cent of the world’s seed
plants, 35 per cent of mammals, 35 per cent of reptiles,

41 per cent of birds and 51 per cent of amphibians are
found in the Americas (established but incomplete)
{3.2.2.2}, as well as the world’s most diversified freshwater
fish fauna of over 5,000 species (well established) {3.2.3.1}.
The South American subregion is by far the richest
subregion for plants and vertebrates (well established)
{3.2.2.2}. However, the smaller Caribbean and
Mesoamerican subregions are very rich for their areas, and
North America contains both biodiversity hotspots and
unique lineages {3.2.2.2}. The moist tropical lowland forests
and tropical high Andean ecosystems contain high
biodiversity on a global scale (well established) {3.4.1.1,
3.4.1.5}. Numbers of species and total evolutionary
distance are generally higher in the tropics, while
evolutionary distinctiveness tends to be higher in temperate
latitudes {3.2.2.2}. Phylogenetic endemism is important for
different taxa in different regions, and geographic patterns
of plant functional diversity depend on the trait considered
{3.2.2.2}. Biodiversity in all subregions has conservation
significance {3.2.2.2} and all biomes provide nature’s
contributions to people; the five most important terrestrial
biome contributors are: Tropical and subtropical moist
forests; Temperate and boreal forests and woodlands;
Tropical and subtropical dry forests; Mediterranean forests,
woodlands and scrub; Tundra and high elevation habitats
(established but incomplete) {3.4.1.10}. For aquatic
systems, freshwater habitats stand out (established but
incomplete) {3.4.1.10}.

e The biodiverse American tropics became a major
center of origin for domesticated plants (well
established) and of traditional agriculture. Many plants
domesticated in Mesoamerica, the Andean region, and the

Amazon Basin have become important crops globally (well
established) {3.3.3, 3.4.1.1, 3.4.1.5}. Traditional agricultural
systems harbor high levels of biodiversity and represent a
high-quality matrix that allows forest species movements
among patches (established but incomplete) {3.3.3}.
Traditional farming systems have a structural complexity and
multifunctionality that benefit people and ecosystems; they
allow farmers to maximize harvest security and reap the
benefits of multiple use of landscapes with lower
environmental and biodiversity impacts (established but
incomplete) {3.3.3}.

o Many terrestrial biomes, or large parts thereof,
in the Americas have lost around 50 per cent or more
of habitat, leading to losses in biodiversity and
ecosystem functions (well established). A few
biomes, however, are now showing recuperation or
are fairly stable (established but incomplete). Close to
50 per cent of the Great Plains grasslands, including over
95 per cent of tallgrass prairie; some 88 per cent of the
south atlantic forest; nearly 70 per cent of the South
American Rio de la Plata grasslands; 82 per cent of mesic
broadleaf forest in Mexico; 72 per cent of tropical and dry
forest in Mesoamerica; 66 per cent of tropical dry forest in
the Caribbean; 50 per cent of the broader South American
Mediterranean-climate biome; and 50 per cent of Cerrado
has been transformed, mostly ongoing, leading to declines
in native species richness and population sizes and
nature’s contributions to people (well established) {3.4.1.1,
3.4.1.2,3.41.4,3.4.1.6,3.4.1.7,3.4.1.10}.
Notwithstanding a perceptible trend for conversion of
paramo and puna in some parts of the northern Andes, the
tundra and high elevation habitat biome is the least
transformed {3.4.1.10}. Agriculture and deforestation have
led to depletion of soil organic carbon, lowering of carbon
stocks and affected the water cycle (established but
incomplete) {3.2.1.1, 3.2.1.2}. Presently Caribbean forests
are expanding (well established) {3.2.2.1, 3.4.1.1} and
North American forests are stable to slightly increasing
(established but incomplete) {3.2.2.1}.
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o Experimental evidence and empirical
observations support linkages between biodiversity
and ecosystem productivity, stability and resistance to
stress (well established). A large number of studies
across taxonomic groups and biomes (temperate and
tropical forests, grasslands and marine systems) show
greater productivity, stability, and stress resistance of
ecosystems with higher biodiversity {3.1.2, 3.1.3}, indicating
that biodiversity is relevant to sustainability. The majority of
studies within the Americas were conducted in North
America, but studies in Mesoamerica and South America
are consistent with results for North America and

global findings.

e The transformation of wetlands in the Americas
has led to loss of biodiversity (established but
incomplete) and ecosystem functions (well
established). From 1976 to 2008, the Brazilian pantanal
experienced a huge loss of floodplains (well established)
affecting biodiversity (established but incomplete) {3.4.1.9}.
One-third of the freshwater marshes in the lower Parana
delta were converted between 1999 and 2013 (well
established) {3.4.1.9}. The vast biologically rich South
American Pantanal has been increasingly degraded due to
cattle ranching and cropping (well established) {3.4.1.9}.
Mechanized peat mining in southern temperate peatlands
has promoted invasive plant species, increased beaver
presence and produced hydrological changes (well
established) {3.4.1.9}. In recent years, the United States of
America lost an average of 5,600 hectares per year of
wetland habitat, lowering capacity for water filtration
{3.4.1.9}. In the past four decades, invasive species have
become an increasing threat to biodiversity in the Florida
Everglades and other wetlands (established but incomplete)
{3.4.1.9}. Some wetlands in Mesoamerica have been
contaminated with heavy metals and pesticides (established
but incomplete) {3.4.1.9}.

o Oceans of the Americas contain high biodiversity,
can have high numbers of threatened species, and
include large numbers of species that are important
for human well-being (established but incomplete).
Respectively, over 12,000 marine organisms have been
found in the Caribbean, 10,000 in the Humboldt Current
system, and 9,000 on the Brazilian shelves {3.2.4.1},
numbers that are considered to be conservative. Oceans of
the Americas contain three of the seven global threat
hotspots for neritic and epipelagic oceanic sharks in coastal
waters (established but incomplete) {3.4.2}. The highest
number of threatened or endangered marine mammal
stocks around the globe are found in the Pacific, but some
populations have recently begun to recover (well
established) {3.4.2}. Stock assessments for a number of
chondrichthyes in the Americas report declines of 20 to 80
per cent from unfished conditions. In Canada, marine fish
populations declined by an average of 52 per cent from
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1970 to the mid-1990s and then remained stable
(established but incomplete) {3.4.2}.

o Biodiversity in coastal habitats has experienced
major losses in recent decades (well established).
Coral reefs in the Caribbean declined in cover by more
than 50 per cent by the 1970s, with only 10 per cent
remaining by 2003, followed by widespread coral
bleaching in 2005 and subsequent mortality from infectious
diseases (established but incomplete) {3.4.2.1}. Coastal
salt marshes and mangroves are rapidly disappearing
(established but incomplete) {3.4.2.1}. Considerable
declines in seagrasses have occurred (established but
incomplete) {3.4.2.1}.

o Urban expansion constitutes both a threat to
biodiversity and an opportunity for biodiversity
conservation {established but incomplete). Urban
areas are now home to 80 per cent of the population of the
Americas {3.3.4}. Urban encroachment is associated with
declining native species richness and shifts in species
composition, yet increased total plant diversity with
cultivation of non-native species (established but
incomplete) {3.3.4}. Remnant vegetation in cities can
support significant native biodiversity, such as bees and
birds (well established). Botanical gardens, major reservoirs
of ex situ conservation, and important for recreation and
environmental education, found mostly in urban areas, are
unequally distributed among subregions and biomes (wel/
established) {3.3.4}. Green areas that incorporate native
biodiversity have the potential to accomplish the dual goals
of conservation and human well-being {3.3.4}.

o Alien species continue to appear in terrestrial,
freshwater, and marine habitats in the Americas, but
rates of introduction, where known, differ among
subregions (established but incomplete). Terrestrial
and marine habitats house outstanding numbers of alien
plants and bird species {3.2.2.3, 3.2.4.2}. North America
and the Caribbean are the mostly strongly invaded
subregions (established but incomplete) {3.2.2.3}. Rates
of appearance of alien species are currently somewhat
lower in North America than in South America
(established but incomplete) {3.2.2.3}. Marine habitats of
the North American subregion are more heavily invaded
than other subregions, with the Pacific Ocean more
invaded than the Atlantic (established by incomplete)
{3.2.4.2}. For freshwater, temperate piscivorous, and
carnivorous fish cause negative impacts on the native fish
fauna (established but incomplete) {3.2.3.2}. In the
Americas, several endangered and threatened species
have declined as a result of emerging infectious diseases
{3.2.6}. Strongly invasive alien species can entail
significant economic costs for infrastructure {3.2.3.2},
and significantly lower productivity (well established)
{3.2.2.3}.
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@ Overall, species threat level is high in the
Americas, but the underlying causes vary among
subregions (established but incomplete). Based on
14,000 species assessed that occur in the Americas, close
to a quarter of species face extinction risk (established but
incomplete) {3.5.1}. Aggregate threat risk over the past two
decades was highest in South America and the Caribbean
(well established) {3.5.1}. Since 1989, the number of
threatened North American freshwater fishes has increased
by 25 per cent, with 7.5 extinct taxa per decade post-1950
{3.2.3.1} (well established). In Central America, 42 per cent
of close to 500 known amphibian species have been
assessed as threatened (well established) {3.2.3.1}. The
International Union for Conservation of Nature category
“Invasive species, other problematic species, genes and
diseases” is the main cause for extinction risk in the North
American subregion, while the categories “Biological
resources use” and “Agriculture and aquaculture” are the
most important causes in the Mesoamerican, Caribbean
and South American subregions (established but
incomplete) {3.5.1}.

0 While protection measures in the Americas have
increased and diversified over the past 30 years,
major differences in protection effort persist between
terrestrial and marine ecosystems and among biomes
(well established). The increase in protection has been
notable in South America where 25 per cent of this
subregion is now protected. South America, Mesoamerica,
and the Caribbean lag behind North America in terms of
marine protection (well established) {3.5.2}. Twenty percent
of all designated key biodiversity areas globally are found in
the Americas (well established} {3.5.2}, yet, less than 20 per
cent of these are completely covered (well established).
Certain biomes are still poorly protected (well established)
{3.5.2}. Temperate grasslands in general and South
American Mediterranean forests, woodlands and scrub and
drylands are among the least protected biomes {3.5.2}.
Tropical and subtropical savanna and grasslands, tropical
and subtropical dry forests, and tropical and subtropical
coniferous forests are poorly protected {3.5.2}. Indigenous
reserves and private initiatives and are increasingly
important {3.5.2}.

@ Many Aichi targets are unlikely to be met in some
countries (established but incomplete). Although the
rate of loss of natural habitat has decreased in some
biomes, degradation and fragmentation continue {3.4.1.10},
making it unlikely to achieve Aichi target 5. Unsustainable
fishing continues {3.4.2} (Aichi target 6). Likewise, many
intensive agricultural, silvicultural and aquacultural systems
do not follow biodiversity-friendly practices {3.3.5} (Aichi
target 7). Alien and invasive alien species are widespread
and continue to appear across the Americas {3.2.2.3,
3.2.3.2,38.2.4.2, 3.4} (Aichi target 9). Coral bleaching
continues in response to coastal pollution and global

warming {3.4.2.1} (Aichi target 10). Total protected area
coverage for the Americas is 14 per cent, with 18 per cent
terrestrial and 9 per cent marine, but some biomes remain
severely under-protected {3.5.2}. Better biome
representation would allow meeting Aichi target 11.
Although conservation efforts have improved, overall
extinction risk for species has increased in some subregions
{3.5.1} (Aichi target 12).

@ Major biodiversity data and knowledge gaps
persist across the Americas (well established). Basic
exploration is incomplete, especially in the richest
biodiversity areas. Brazil contributed the largest number of
new plant species to the global inventory from 2004 to
2016, and 42 per cent of recently described new mammals
species worldwide between 1993 and 2008 came from the
Americas (well established) {3.6}. In South America experts
predict that around 50 per cent of marine biodiversity
remains undiscovered (established but incomplete) {3.6}.
Research on functional diversity and the relationship
between biodiversity and ecosystem functions across
taxonomic groups is growing but remains scarce in some
subregions. Enormous data gaps persist at the biome level
in all subregions. Despite its very high biodiversity, South
American houses the fewest georeferenced species
occurrence records per unit area, while the highest number
is in North America, despite much lower richness {3.6}.
Major challenges for the future are: scaling up from
ecological studies to the biome level, coordinated
conservation efforts in biomes that cross country
boundaries, making all biodiversity data available online, and
the production of standardized biodiversity data useful for
policymakers {3.6}.
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3.1 BACKGROUND

3.1.1 Setting the stage

The Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES) recognizes
that humans benefit both consciously and unconsciously
from ecosystem functions and biodiversity, through the
ecosystem services they are coupled with, referred to as
nature’s contributions to people (NCP).

The biodiversity of the Americas comes from many different
marine, freshwater, and terrestrial sources and offers
humankind numerous products and services. To protect
the enormous potential of this biodiversity to provide NCP,
it is critical to understand the geographic distribution of
biodiversity as well as how biodiversity, and the ecosystem
functions that both depend on and support biodiversity,
have been changing over time.

This chapter assesses: (1) our current understanding of

the distribution, status and recent trends of ecosystem
functions and biodiversity across the Americas; (2) how
people interact with biodiversity, highlighting the importance
of local and indigenous knowledge; (3) how biodiversity

and ecosystem functions vary within and have changed
across the units of analysis in each subregion; (4) current
understanding of the extent to which biodiversity is imperiled
and protected; and (5) major data and knowledge gaps in

all of these realms. The chapter focuses on biodiversity and
ecosystem function (Figure 3.1) in the context of how they
contribute to NCP (Chapter 2) and are impacted by drivers
of change (Chapter 4).

3.1.2 How is biodiversity linked
to ecosystem functions and
ecosystem services?

Biodiversity loss is known to substantially decrease ecosystem
function and stability (Cardinale et al., 2011; O’Connor et
al., 2017). Consequently, biodiversity loss and ecosystem
degradation diminish the ability of humans to benefit from or
establish spiritual relationships with other living beings.

The relationships between biodiversity and ecosystem
function have been rigorously investigated in numerous
experiments (e.g. Cardinale et al., 2011) and in theoretical
(Loreau, 2010; Tilman et al., 1997) and observational
studies in a wide range of ecosystems, including grasslands
(Grace et al., 2016; Hautier et al., 2014), forests (Gamfeldt
et al., 2013; Liang et al., 2016; Paquette & Messier, 2011),
drylands (Maestre et al., 2012) and marine systems (Dee

et al., 2016; Duffy et al., 2016), many conducted in the
Americas. Recent studies have also revealed many potential
benefits of increasing plant diversity in managed production
systems, including enhancing the production of crops,
forage, wood, and fish; stabilizing productivity; enhancing

Figure '3 @ Within the IPBES conceptual framework, Chapter 3 focuses on the status
and trends of biodiversity, which encompasses a range of dimensions,
and ecosystem functions, as well as the linkages between them.

Biodiversity and ecosystem functions underpinning NCP, treated in Chapter 2, are influenced by drivers of
change, treated in Chapter 4. See Chapter 1 for the complete IPBES framework. Source: own representation.
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pollinators and pollination; suppressing weeds and other
pests; and accumulating and retaining soil nutrients and
carbon (Balvanera et al., 2006, 2014; Cardinale et al., 2012;
Kremen & Miles, 2012; Letourneau et al., 2011; Quijas et al.,
2010; Scherer-Lorenzen, 2014).

3.1.3 Conceptual and theoretical
linkages between biodiversity and
ecosystem functions and services

Biodiversity loss can alter ecosystem function. Here,

we focus on relationships between plant diversity and
productivity. Theory (Thébault & Loreau, 2003) and
experiments (Lefcheck et al., 2015) have shown that these
relationships are largely generalizable to other trophic levels.
Furthermore, given that rates of primary productivity limit
the energy available to animals at all higher trophic levels,
effects of changes in biodiversity on productivity have many
cascading effects on other pools and fluxes of matter and
energy in ecosystems (McNaughton et al., 1989).

Plant species richness increases primary productivity when
interspecific competition is reduced relative to intraspecific
competition (Loreau, 2004; Vandermeer, 1981). Reduced
competition among species for resources can occur in
diverse communities because different plant species
consume somewhat different resources (e.g. different forms
of nitrogen) or consume the same resources at somewhat
different times (e.g. phenological niche partitioning) or places
(e.g. different rooting zones) (McKane et al., 2002; Tilman

et al., 1997). Such resource partitioning likely contributes

to both coexistence and positive effects of plant diversity

on ecosystem productivity in many ecological communities
(Turnbull et al., 2016). Similarly, increased plant species
richness can lead to increased ecosystem productivity when
there is reduced apparent competition in diverse communities
because plant species can avoid natural enemies, such as
specialized herbivores or pathogens, that become diluted in
diverse communities (Petermann et al., 2008; Turnbull et al.,
2016). Strong effects of complementarity between species
or groups of species (Brooker et al., 2008), such as between
grasses and legumes (Temperton et al., 2007), contribute

to the positive effects of plant diversity on ecosystem
productivity. Results from the five longest-running grassland
biodiversity experiments suggest that these complementarity
effects grow stronger over time, while the importance of
individual species that are particularly productive become
less important for ecosystem productivity (Fargione et al.,
2007; Isbell et al., 2009; Marquard et al., 2009; Reich et al.,
2012; van Ruijven & Berendse, 2009). Based on abundant
empirical evidence, it is now well-established that local
complementarity effects often explain positive effects of
biodiversity on ecosystem productivity (Cardinale et al.,
2011; Loreau & Hector, 2001), especially in long-term studies

(Cardinale et al., 2007; Fargione et al., 2007; Isbell et al.,
2009; Marquard et al., 2009; Reich et al., 2012; van Ruijven &
Berendse, 2009), but the precise mechanisms are not always
possible to discern and are the subject of ongoing research.

Biodiversity experiments address limitations of observational
studies and have been designed and conducted to tease
apart effects of changing numbers of species (richness) from
effects of changing identities of species (composition) (c.f.,
O’Connor et al., 2017). Such experiments have revealed
some surprisingly productive species and combinations

of species, even when excluding legumes (van Ruijven &
Berendse, 2005; Wilsey & Polley, 2004) or mixing species
within functional groups (Bullock et al., 2007; Reich et al.,
2004). Changes in grassland plant species richness can
influence plant productivity as much as changes in species
composition (Hector et al., 2011), intensive agricultural
management (Weigelt et al., 2009) and many other factors
long known to regulate plant productivity (Hooper et al.,
2012; Tilman et al., 2012). Similar strengths of biodiversity
effects on ecosystem function have been found in terrestrial
and aquatic habitats (O’Connor et al., 2017). Meta-analysis
reveals that herbivore diversity influences more ecosystem
functions than plant diversity (Arias-Gonzalez et al., 2016;
Lefcheck et al., 2015). Additional examples of biodiversity
links to ecosystem functions in different biomes and other
units of analysis can be found throughout the chapter.

3.2 CONTINENTAL
DISTRIBUTION OF
ECOSYSTEM FUNCTIONS
AND BIODIVERSITY

3.2.1 Status and trends of
ecosystem functions linked to
biodiversity

3.2.1.1 Carbon cycling and energy fluxes

Status. The carbon cycle is strongly linked to land cover
change (section 3.3.2) and energy flux since energy enters
and moves through ecosystems in the form of carbon-
based molecules. Therefore, the carbon cycle has major
implications for ecosystem function and provisioning of
ecosystem services. Land use change increases carbon
emissions or sequestration depending on the nature of
vegetation replacement. Agriculture and deforestation are
the main land use changes that have altered carbon fluxes
and stocks. Overall, agriculture has reduced carbon inputs to
ecosystems through harvest and/or increased carbon output
from cultivation; human appropriation of primary production
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(a measure of the amount of energy captured by humans
from ecosystems) is particularly high in agricultural regions
of the Americas (Haberl et al., 2007). Agricultural soils lose
carbon when monocultures of annual crops are planted
without rotations (Ernst & Siri-Prieto, 2009; Franzluebbers,
2005). However, recent trends in double cropping, no-till
practices and used cover crops have the potential to at least
partially restore soil organic carbon stocks (Franzluebbers,
2005; Poeplau et al., 2015; Rimski-Korsakov et al., 2016).

Forest ecosystems of Americas contain near 250 picograms
of carbon (Kohl et al., 2015), with large amounts of biomass
carbon stored in South American forests and high soil
carbon stocks located in the permafrost boreal regions

of Canada (Jackson et al., 2017). Deforestation (section
3.2.2.1 and Chapter 4) has significantly decreased plant
biomass stocks (80 to 95%) throughout the Americas
(Chapin et al., 2012) and also soil carbon stocks (Villarino

et al., 2016) except in moist forests replaced by pastures
that may increase soil organic carbon stocks (Eclesia et

al., 2012; Guo & Gifford, 2002). Maintaining the integrity

of forests in the Americas thus is essential for climate
regulation. Croplands today in the Americas contain 20

to 40% less carbon than under native forest, savannas or
grasslands (Alvarez, 2005; Guo & Gifford, 2002).

Recent trends. Forest regrowth in some parts of the

North American subregion increased between 1990 and
2015 (Keenan et al., 2015), and primary production in
plantation forests mostly in South America has sequestered
significant atmospheric carbon (Wright et al., 2000).
Recent decreases in deforestation rates in Amazonia have
favored net atmospheric carbon sequestration (Davidson
et al.,, 2012; Nepstad et al., 2014; Zarin et al., 2016).
Afforestation of grasslands has increased carbon uptake
(primary production) and biomass carbon stocks (Vassallo
et al.,, 2013), and increased soil organic carbon on dry
sites but decreased soil organic carbon contents on humid
sites (Berthrong et al., 2012; Eclesia et al., 2012). While
recent woody encroachment in the USA and Argentina has
increased biomass stock, it may have negative impacts on
deep carbon storage (Asner & Archer, 2010; Jackson et al.,
2002). Satellite-detected trends in the Normalized Difference
Vegetation Index (a proxy of primary production) support
observed changes in carbon stocks (Hicke et al., 2002;
Paruelo et al., 2004). Finally, oceans around the Americas
must be storing significant amounts of carbon, given they
represent a significant fraction of the 2 picograms/year
global ocean total. The Americas total is not available.

The net impact of land use on climate change is still under
debate (Anderson-Teixeira et al., 2012; Houspanossian et
al., 2017; Jackson et al., 2008). Meanwhile, it is clear that
soil organic carbon loss severely affects sail fertility and plant
production and that such losses are associated with nutrient
releases and erosion that promote the eutrophication of
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rivers, lakes and oceans, all affecting human well-being.
Several studies show negative impacts of land use changes
on water cycling and other ecosystem services (Jackson et
al., 2005; Trabucco et al., 2008).

3.2.1.2 Water cycle and regulation

Status. The water cycle is strongly regulated by
evapotranspiration, which reduces water available for
runoff and groundwater recharge (Brauman et al., 2007).
Evapotranspoiration depends on the physical structure

of vegetation and characteristics of individual species,
particularly rooting depth, which controls plant access to
water in water-limited environments (Le Maitre et al., 2015).
Woody vegetation generally has higher evapotranspiration
than other vegetation, reducing streamflow (Bosch &
Hewlett, 1982; Brown, et al., 2005; Sahin & Hall, 1996).
Studies supporting this conclusion are largely from
temperate regions (Andréassian, 2004), athough some
research has also been carried out in the tropics (Cashman,
2014; Tomasella et al., 2009). The reduction in woody
vegetation is also associated with higher soil infiltration
(Farley et al., 2005; Ochoa-Tocachi et al., 2016). Changes
in infiltration have been also attributed to the impact of
conversion on soils, which are compacted by timber
harvesting and cattle grazing (Tomasella, et al., 2009). The
hydrologic impact of forest conversion to pasture depends
on grazing intensity, with high-density grazing causing more
surface flow (Ochoa-Tocachi et al., 2016). These kinds of
links with biodiversity are important for water regulation.

Recent trends. Reduced evapotranspiration can lead to
reduced rainfall. Measurements and models of climate impacts
of deforestation demonstrate a threshold by which complete
deforestation of the tropics would substantially reduce rainfall
(Lawrence & Vandecar, 2015). More realistic measurements
and models of deforestation in the Amazon and non-
Amazonian South America, however, show land use change
to reduce precipitation only on the order of a few percent
(Lawrence & Vandecar, 2015). The impact of changing climate
on streamflow is complex, and most large rivers worldwide
have not changed measurably at this point. Ten of the 14 large
rivers that show increasing discharge are in the Americas.
These rivers mostly correspond to places where rainfall has
measurably increased (Milliman et al., 2008).

3.2.1.3 Nutrient cycling

Status. Over the past century, land use change, new
agricultural practices, and fossil fuel combustion have
drastically disrupted nutrient cycles worldwide (Canfield et al.,
2010). Latin America showed high biological nitrogen fixation
in native ecosystems until the mid-1990s (26.6 teragrams

of nitrogen) and maintained fertilization and legume crops
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at relatively low rates (5.0 and 3.2 teragrams of nitrogen,
respectively). In contrast, North America is characterized by
relatively low natural fixation (11.9 teragrams of nitrogen),
and high fixation by legume crops (6.0 teragrams of nitrogen)
and fertilization (18.3 teragrams of nitrogen) (Galloway et

al., 2004). While increased nitrogen input into agricultural
ecosystems in the Americas has increased food production,
it has promoted a four-fold increase in river nitrogen exports
and a four- to seven-fold increase in nitrogen emissions to
the atmosphere (Galloway et al., 2004) resulting in reduced
drinking water and air quality, freshwater eutrophication,
biodiversity loss, rain acidification, stratospheric ozone
depletion, climate change and coastal ecosystem destruction
(dead zones). Severe pollution occurs with the discharge

of the Mississippi River into the Gulf of Mexico, of several
rivers on the eastern coast of North America and from some
rivers in South America associated with agriculture (Diaz &
Rosenberg, 2008).

Recent trends. As a result of the green revolution, nitrogen
inputs increased in the Americas, particularly in South America
over the past two decades (Austin et al., 2006). Soybean
crops expanded from 17 to more than 46 million ha between
1990 and 2010 (FAO, 2011). Some 48% of all croplands in
southern South America (Brazil, Argentina, Uruguay, Paraguay,
and Bolivia) are soybean (FAO, 2011). In addition, both

North and South America have become key grain exporters;
currently around 8 teragrams of nitrogen are being exported
from the Americas, mainly to Europe and Asia, while around

6 teragrams of nitrogen come back as fertilizers, generating
an imbalance in the region of 2 teragrams of nitrogen per

year as a result of international trade (Galloway et al., 2008).
However, the Americas show a better nutrient balance in
agricultural systems than other regions of the world (Vitousek
et al., 2009). Although technology is available for improved
nutrient recycling in cities and farms, it is seldom used in the
Americas (Grimm et al., 2015; Snapp at al., 1998). The use

of legumes and catch crops (i.e. fast-growing crops that

are grown between successive plantings of a main crop)

to tighten or close the nitrogen cycle via synchronization of
nutrient uptake and mineralization to avoid nutrient loses is a
challenging issue for the Americas.

3.2.2 Status and trends of
terrestrial biodiversity

3.2.2.1 Land cover status and trends

With better technology and availability of country surveys,

we now have fairly reliable estimates of land cover in the
Americas, especially for forests (Figures 3.2. and 3.3). More
than two-thirds of the Americas is composed of closed to
open vegetation, including forests, savannas, and grasslands,
as well as mosaics of those vegetation types. About 16% of
the region is occupied exclusively by croplands (e.g. corn,
soybeans, wheat, sugarcane, and grazing land) and 1% by
urban or bare land (Tuanmu & Jetz, 2014).

Forest cover in the Americas represents ca. 40% of the
global forest cover, with ca. 842 millions of hectares in
South America, 723 millions of hectares in North America
and 20 millions of hectares in Central America (Keenan et
al., 2015). Following the last update of Global Forest Watch
(2017), which differentiates native from planted forests, the
Americas have 1.668 millions of hectares of natural forest
and ca. 67 millions of hectares of planted areas (e.g. timber,
oil palm, rubber). Around 870 millions of hectares of the
natural forest cover is considered primary forest (no clear
indications of human activity or significant disturbance)

and 797 millions of hectares is naturally regenerated native
forests with clear indications of human activities (Global
Forest Watch, 2017).

Figure 3 @ Forest gain and loss across the Americas between 2000 to 2012.
Source: Modified from Hansen et al. (2013).
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Figure 3 @ Total forest cover trends by subregions. Indicator data source: FAO (2015).
The figure prepared by Task Group on Indicators and Knowledge and Data

Technical Support Unit.
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Forest cover has changed throughout the Americas in
recent decades (Figure 3.3). It continues to decline in most
subregions except in the Caribbean where forest regrowth
predominates (see also 3.4.1.1). In North America the overall
amount of forest has slightly increased (Figures 3.2 and
3.3). Further details on declines can be found for the specific
biomes assessed in section 3.4.

Grasslands and shrublands are frequently confounded
with agricultural areas or pasturelands at coarse scales
and usually represented as a “mosaic of vegetation and
cropland” (Arino et al., 2012). This mixed class covers
about 12% of the Americas (and includes almost 80% of
the croplands) (Arino et al., 2012) distributed predominantly
in the USA (Central Great Plains), Canada (e.g. northern
grasslands), Chile (Patagonian grasslands), Brazil (campos
sulinos) and Argentina (pampas, Patagonian grasslands).
Shrublands or savannas represent another 10% of the
Americas’ land cover, with extensive coverage in the USA
(e.g. Californian chaparral, arid shrublands, Great Plain
shrublands) and Brazil (Cerrado). For details of changes in
the different biomes of the Americas (section 3.4).

3.2.2.2 Status and patterns of diversity
for taxonomic groups

Overall richness patterns. Despite several centuries of
exploration, accessible and accurate data for biodiversity
across the entire Americas is limited to a very small number
of taxonomic groups. Data compiled at the subregional
level for such groups confirms that the Americas region
(comprising 28% of the world’s land area, including
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water bodies), holds significant proportions of the world’s
biodiversity, as high as 51% for amphibians and 41%

for birds (Table 3.1). Species richness is highest for all
taxonomic groups in the South American subregion and far
higher in South America than in North America (Table 3.1).
Mesoamerica and the Caribbean are very rich in relation

to their land area. For example, the Caribbean subregion
(<1% of the Americas’ land area) is more diverse than
North America (51% of the Americas” area) for reptiles and
is not that far behind for plants (Table 3.1). Mesoamerica
(6% of the Americas” land area) has more species in all
taxonomic groups — in three out of five cases over twice
as many — as the much larger North American subregion.
The Americas account for some 33% of plants that have
been recorded to be useful to humans globally (Table 3.1).
The absolute numbers of useful plants in Table 3.1 are
likely to be conservative, given that comprehensive surveys
of useful plants have still to be undertaken in many parts of
the Americas.

Continent-level spatial patterns. The development of new
biodiversity metrics that go beyond traditional species
richness and better spatial data coverage of species over
the past 15 years have greatly improved our understanding
of how biodiversity is distributed at a finer geographical
scale within the Americas. New patterns have emerged that
are highly relevant for the valuation of biodiversity across the
region. See the glossary for definitions of the biodiversity
metrics assessed.

Reflecting the subregion-level survey data (Table
3.1), amphibians, birds, mammals, and plants all
show high species richness in tropical South America
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Table 3 @ Species richness for taxonomic groups where data could be compiled for IPBES
subregions of the Americas. The percentages under the subregional headings give the
amount of land (including water bodies) in relation to the total for the Americas. The
percentages for the different taxonomic groups and useful plants in each subregion
are calculated in relation to the totals for the Americas.

Taxon Total for % of world North America | Mesoamerica Caribbean South America
Americas total (51%) (X)) (<1%) (42%)
29

Plants'® 98,473 13,214 26,551 11,473 63,725
(seed plants only) (108,320 (13%) (27%) (12%) (65%)
Useful plants® 10,188 33 4,252 4,217 2,915 5,621
(seed plants only) (42%) (41%) (29%) (55%)
Birds* — 4,374 41 649 1,191 320 3205
breeding species (15%) (27%) (7%) (73%)
Mammals® 1,963 35 458 627 185 1,266
native — terrestrial (23%) (32%) 9%) (64%)
Amphibians® 3,928 51 307 812 234 2,809
(8%) (21%) (6%) (72%)
Reptiles’ 3,652 35 431 1231 637 1,990
(12%) (34%) (17%) (54%)

1. Compiled by the Royal Botanic Gardens, Kew. Seed plants include angiosperms and gymnosperms and both native and non-native
species. Data are from the World Checklist of Selected Plant Families (published and unpublished), which is 90% complete. The families
Melastomataceae and Asteraceae and the genus Solanum are not included at this stage.

2. Estimate if the two missing families and Solanum are included. Percentage of the world total in the Americas is based on the estimated total
and a world total of seed plants of 370,492 (Lughadha et al., 2016). The subregional totals have not been adjusted and thus are conservative.

3. The useful plant data come from the Royal Botanic Gardens, Kew Useful Plants Data Base. This database is formed from a combination of
resources amounting to 31,128 species. The data are for seed plants only and include exotic species, but not commercially-grown crops.

4. Compiled by Chapter 3 from Del Hoyo et al., 1992a, b; Gill and Donsker (2017); Rodewald (2015); Wetmore et al. (1957). World total data from
Gill and Donsker (2017).

5. North America — Bradley et al. (2014); Caribbean — Upham (2017) and IUCN, (2014); Mesoamerica -— [UCN, (2014); South America — IUCN,
(2014). Total for calculation of world %: I[UCN Red List.

6. amphibiaweb.org.

7. reptile-database.org

8. After the Summary for Policy Makers (SPM) for the Americas assessment was completed in early December 2017, in a paper published in
Science on 14 December 2017, Ulloa Ulloa et al. (2017) reported 124,993 species of vascular plants (seed plants, ferns and fern allies) for the
Americas region found in 6227 genera and 355 plant families. The number of species reported corresponds to 33% of the world total.

and Mesoamerica (Figure 3.4a). For mammals and In contrast to species richness, which is broadly congruent
amphibians, the highest richness is found in the Andes, across taxa and reaches its peak in tropical South America,
the coastal northwest of South America and the Atlantic highest evolutionary distinctiveness is found outside of
coast of Brazil; plants (Figure 3.4a) reach their highest the tropics for all taxa (Figure 3.4. b). For the taxa where
richness in Mesoamerica, the Andes and other regions information is available, this indicates that the regions where
of South America. Avian richness shows peaks in both Co-occurring species are more distantly related on average
the lowlands and parts of the Andes. Evidence from ants tend not to be found in the tropics. Among amphibians,

(Dunn et al., 2009) and soil fungal communities (Tedersoo high evolutionary distinctiveness is found in western North
et al., 2014) suggests that these taxa may also reach their America and parts of Mesoamerica. Mammals have high

peak diversity in tropical regions, although considerable evolutionary distinctiveness throughout the Americas,

gaps exist in spatial sampling for these groups. Outside especially in the Mediterranean region of southwestern

of the tropics, amphibians and plants show moderately South America. Birds and plants both have hotspots of

high species richness in the southeastern USA (Figure evolutionary distinctiveness at high latitudes, indicating that

3.4. a) (Buckley & Jetz, 2007), and plants and mammals even in these regions where low numbers of species persist,
both reach high or moderately high richness in the the species that do occur are drawn from distinct branches

western USA. across the tree of life. Birds also achieve moderately high
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Figure 3 @ Terrestrial biodiversity across the Americas in amphibians, birds, mammals
and plants, reported as: @) species richness (SR); @ evolutionary distinctiveness
(ED); ® phylogenetic endemism (PE); and ® plant functional diversity (FD).
Source: own representation.
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FD was measured as the variance in specific leaf area (log cm2/g), seed mass (log g) and plant maximum Network (BIEN 2) database, Enquist et al. (2016); Maitner et al. (2017). Phylogenies: Mammals, Fritz
height (log m) in 1 degree latitude and longitude grid cells using BIEN 2 and TRY Data. The red end of et al. (2009); birds, Jetz et al. (2012); amphibians, Pyron (2014); plants ED, BIEN 3 phylogeny, Maitner et al.
the color spectrum indicates greater SR, ED, PE and FD. Vertebrate metrics were calculated in 108x111 km (2017 ); plants PE, Zanne et al. (2013) (trimmed to genus). R software (R Development Core Team, 2017)
cells; plant richness, ED, PE and FD in 100x100 km cells. A quantile color scale that emphasizes variation and picante package (Kembel et al., 2010); Nipperess and Wilson (2017) were used for calculations
in lower values is used for species richness and PE. Species distributions: Birds, BirdLife International of the phylogenetic metrics and the R packages raster (Hijmans, 2016) and letsR (Vilela & Villalobos, 2015)
& NatureServe (2012); amphibians and mammals, IUCN, (2009); plants, Botanical Information and Ecology were used to create the rasters.
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evolutionary distinctiveness in the tropical lowlands of South
America. Overall, these trends indicate that subtropical,
temperate or boreal regions can be rich in certain
dimensions of biodiversity. This, of course, does not mean
that the tropics have less overall evolutionary diversity, but
rather that tropical species often co-occur with many close
relatives, reducing their evolutionary distinctiveness.

In all taxa, high phylogenetic endemism occurs in
Mesoamerica and in parts of tropical South America,
particularly the coastal northwest and tropical Andes
(Figure 3.4. c). Amphibians, mammals, and plants

have further hotspots of phylogenetic endemism in the
western USA, and amphibians and plants also have high
phylogenetic endemism in the southeastern USA. Central
and part of southern Chile also stand out for some groups.
With some deviations, geographic patterns of phylogenetic
endemism in these particular areas of the Americas tend to
mirror species richness, signifying overall that they generally
house large numbers of evolutionary distinct species and
lineages not found elsewhere. Such areas are worthy of
special concern in conservation decision-making but are
sometimes located where protection measures are still
poor (3.5.2).

Variation in functional traits, a measure of functional diversity,
can tell us about the diversity of ecological adaptations
among a set of organisms and the potential of particular
ecosystems to adjust to environmental change. Data are
available on three functional traits for plants; specific leaf
area, seed mass and plant height. Specific leaf area (the
area of a leaf divided by its dry weight) is tightly linked to
photosynthetic rates and nutrient content. It is indicative

of the life history strategy of the plant along a spectrum
ranging from rapid growth and competitive resource capture
to slow growth and stress tolerance (Wright et al., 2004).
Seed mass is indicative of reproductive and dispersal
strategy (Leishman et al., 1995; Moles et al., 2005), and
plant height is a critical indicator of life history, indicating
growth form and habit (Loehle, 2000). These three traits are
important for understanding major axes of variation in plant
function and ecological strategy (Westoby, 1998). As with
species richness, we tend to see the greatest diversity in
seed mass and height of vascular plants in tropical regions
of the Americas (Lamanna et al., 2014) (Figure 3.4. d).
Nevertheless, temperate regions tend to be enriched in
functional diversity for specific leaf area relative to tropical
areas (Figure 3.4. d). This might reflect a tendency to retain
more diversity in leaf economic strategies under harsher and
less equitable climatic conditions (Lamanna et al., 2014;
Swenson et al., 2012). Variation in different plant functional
traits is maximized in different regions. Likewise, different
components of diversity are highest in different regions and
these patterns vary by taxonomic group. As a consequence,
conservation efforts across regions will be crucial for
maintaining both the diversity of ecological strategies we

observe in plants and the full spectrum of biodiversity across
the tree of life, the basis of many NCP.

3.2.2.3 Patterns and trends in alien and
invasive alien species

Status. We define alien species as species that become
distributed beyond their native ranges intentionally or
unintentionally aided by humans. The introduction and
spread of alien species in the Anthropocene has led

to greatly heightened levels of dispersal of organisms
around the globe. Invasive alien species are alien species
that modify ecosystems, causing potential damage to

the environment, human health, and consequently, the
economy. The distinction between these two categories is
not always clear because designating an alien species as
an invasive species requires detailed studies and objective
and comparable criteria. The economic damage caused

by alien invasive species can be severe. For example,
globally, invasive insects (some of which carry diseases) are
estimated to cost a minimum of $70.0 billion per year, while
associated health costs exceed US$6.9 billion (Bradshaw
et al., 2016). Control of invasive species requires knowledge
of global and local introduction trends and distinguishing
harmful alien species from the more benign ones; that said,
not all alien species are harmful (Table 3.2).

Comprehensive data on naturalized alien species for the
Americas is available for plants and birds. Currently the
North American (which includes Greenland and Mexico)
and the South American (which includes Mesoamerica
south of Mexico and the Caribbean) biogeographic regions
are home to 3,513 (39%) and 1,806 (20%) respectively of
the world’s 9004 plant species that have been introduced
from one continent to another (Van Kleunen et al., 2015,
and personal communication). Additional intra-continental
plant movements beyond their natural ranges within

North and South America, bring the total numbers of alien
records to 5,958 and 3,117, respectively. North America
has been a much larger donor of alien plant species to
other continents than has South America; additionally
North America, as defined by IPBES, is one of the most
heavily invaded areas of the world (Van Kleunen et al.,
2015). The Caribbean subregion is also strongly invaded in
relation to its land area (see also Figure 3.5, where there
are many plant species).

Some 3,661 alien bird introductions (first known occurrence
of a given species in a given country) were reported across
the globe from 1500 to 2000 (Dyer et al., 2017). Relative to
other regions the Americas, particularly the North American
and Caribbean subregions, support large numbers of alien
birds (Dyer et al., 2017). Reports of introduced birds are
currently lacking in some tropical areas in northern South
America (Dyer et al., 2017).
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Table 3 @ Multiple effects of mostly recent terrestrial alien introductions in the Americas. Alien
species can have both negative and positive impacts on humans and biodiversity.
See Chapter 4 for additional examples. ® = negative impact; - = positive impact.
Sources: 1 Morales et al. (2013); Aizen et al. (2014); 2 Sanguinetti & Singer (2014); 3 Dangles et al. (2008); 4 Herms
& McCullough (2014); 5 Martyniuk et al. (2015); 6 Pefa et al. (2008); Taylor et al. (2016); 7 Zamora Nasca et al.
(2014); 8 Garcia et al. (2015); 9 Baruch & Nozawa (2014); 10 Svriz et al. (2013); 11 Pauchard et al. (2009); Barros &

Pickering (2014); 12 Mufoz & Cavieres (2008); 13 Ledn & Vargas-Rios (2011); 14 Diaz-Betancourt et al. (1999); 15
Rodrigues da Silva & Matos (2006); 16 Choi (2008); 17 Jiménez et al. (2014).
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[ ] European Bombus terrestris reduces fitness of native plants and replaces the native bumblebee, B. dahlbomii.!

Introduced bees increase fitness in some native orchids.?

° Three potato moths reduce crop harvest in the northern Andes.3
() The Asian emerald ash borer beetle (Agrilus planipennis) has killed millions of ash trees in N. America.*
I
® Seed set on the native Austrocedrus chilensis is reduced by interference of introduced conifer pollen.®
(] Encroachment of exotic plantation tree species into native forests reduces habitat area.®
[ J Ligustrum lucidum reduces soil water availability in secondary forests.”
[ Teline monspessulana increases fire proneness in native forests.8
° Aggressive Syzygium jambos interferes with natural regeneration in abandoned coffee plantations.®

Rubus rubiginosa acts as a nurse plant for regeneration of native forest trees on drier sites.'®

[ ] Non-native species on trails homogenize the floras of protected areas, reducing landscape value.
° Taraxacum officinale reduces pollinator visits on native species in the high Andes of central Chile.'2
° Ulex europaeus invades paramos, displacing native species and possibly harming water supply.'3

Introduced weeds in the Americas include many edible species.

° Post-fire invasion by Pteridium aquilinum in the Atlantic rainforest hinders natural forest regeneration.!®

I
° North American beaver affects forest hydrology and forest regeneration in Tierra del Fuego.'®
° American Mink preys on the eggs of water birds and the iconic Magellanic woodpecker.!”

Figure 3 @ Invasive alien plant and animal species considered to threaten native biodiversity
and ecosystems listed in the Global Invasive Species Database (GISD) that are
found in the four subregions of Americas.

Data include a few marine and freshwater species. Grey bars are species that have been reported somewhere
in that subregion as being strongly invasive; orange bars are additional species listed in GISD that occur in the

subregion but that are not necessarily invasive there or whose invasive status is unknown. Source: Data from
Global Invasive Species Database http://www.iucngisd.org/gisd/. Accessed March, 26 2017.
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Although much progress has been made, we currently
cannot say how many alien species in the Americas are
harmful. Comprehensive risk analyses are lacking in most
countries. In general, the number of harmful species is likely
to higher than currently visualized because detailed studies
are lacking and due to the fact that many potentially strongly
invasive species will be still in a lag phase. In Mexico, a
comprehensive risk analysis found 41% of 472 species
(including agquatic species) analyzed out of a total of

1,683 potentially invasive species to be very high-risk
species (Gonzalez Martinez et al., 2017).

Across all taxonomic groups, some 521 species considered
to be harmful to biodiversity in Global Invasive Species
Database are known to be strongly invasive somewhere in
the Americas. North America has far more such species
than the other subregions, but for its small land area, the
Caribbean is clearly very susceptible to invasion (Figure
3.5). Additional species found in Global Invasive Species
Database that are not considered to be invasive at the
moment in a particular subregion could eventually become
invasive (Figure 3.5). For the World’s 100 Worst Invaders
found in Global Invasive Species Database, 78% have

been recorded to occur in at least one subregion of the
Americas. Beyond invasive species that harm biodiversity,
many alien species have negative impacts on agriculture
and forestry. For example, in Brazil, more than 500 species
of alien pathogenic fungi, 100 viruses, 25 nematodes and
one protozoan attack crops and reduce crop production an
estimated 15% (Pimentel, 2002). Chapter 4 provides more
information on the effects of harmful invasive species and on
their drivers.

Recent trends. Globally, 37% of all recorded naturalized
aliens from a wide spectrum of taxonomic groups were
recorded for the first time as recently as 1970--2014
(Seebens et al., 2017). This signifies that invasion risk is
currently high and with increasing globalization will not
cease. For the Americas, rates of appearance for different
groups have varied over time, with a tendency for steeper
early climbs and an earlier tendency to decline in North
America than in South America (Figure 3.6). Insects
showed a very rapid rate of increase in South America as of
the 1950s.

For birds, half of the naturalized alien introductions
worldwide occurred after 1956, in concert with increasing
globalization and economic growth. As with plants, early
bird introductions came mostly from Europe. However,
more recently the Indian subcontinent, Indochina, and
sub-Saharan Africa have become important sources of alien
birds (Dyer et al., 2017). For the Americas, as of 1983, at
the country level, 102 new alien birds were registered for
the Caribbean subregion, 8 the Mesoamerican subregion,
and 19 for South America. At the individual state (USA) or
province (Canada) level, 163 were recorded for the North

America subregion - calculated from Supplementary material
(Dyer et al., 2017).

Overall, alien introductions and their spread are likely to
continue in the Americas (Seebens et al., 2017) opening the
door to additional negative effects on biodiversity, forestry
and agriculture. Modeling suggests that many established
alien species in the Americas do not yet fully occupy

their climatic niches (Arriaga et al., 2004; Pefia-Gomez et
al., 2014) and thus can be expected to expand further,
facilitated by disturbance. We are currently in a modern era
of assisted dispersal heightened by global travel, tourism,
and the introduction of pets and pest-carrying plant parts
(see Chapter 4). A dramatic example of how alien species
have increased recently in relation to increasing vector
availability is seen in the Galdpagos Islands (Box 3.1,
Figure 3.7).

Knowing which geographic areas are likely to receive more
alien species is useful for the development of early-warning
systems. According to a recent analysis of current invasion
vectors and environmental susceptibility to invasion, the
threat of invasion is very unevenly distributed across the
Americas (Early et al., 2016) (Figure 3.8). The dominant
invasion vectors differ between high-income countries
(imports, particularly of plants and pets) and low-income
countries (air travel). Climate change, further biome
transformation (e.g. 3.4.1.6) and increased fire frequency
(e.g. 3.4.1.4) are expected to hasten the spread of invasive
alien species once established. Given that strongly invasive
alien species, in addition to signifying economic costs,
have been the cause of many extinctions (Bellard et al.,
2016), alien species are a component of biodiversity that
requires attention.

3.2.3 Status and trends of
freshwater biodiversity

3.2.3.1 Patterns of diversity for
taxonomic groups

Taxonomic groups. The Americas hold the most diversified
freshwater fish fauna in the world, with 1,213 species in the
North American biogeographical region and 4,035 in the
South American biogeographical region for a world total of
over 13,600 species (Burkhead, 2012). Other freshwater
taxonomic groups of note include crayfishes, with high
diversity in the southeastern USA (Crandall & Buhay, 2008);
amphibians, with nearly half of all salamander species
found in North America; 40% of all water-dependent

frog species found in the Neotropical realm (Vences &
Kohler, 2008); 11 of the world’s 23 crocodilian species
(Martin, 2008); the vast majority of the world’s temperate
freshwater turtle species in North America (Bour, 2008);
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Figure 3 @ Trends in the appearance of alien species in North America and South America
from 1800 to 2000.

Source: Based on data in the global alien species first record database www.dx.doi.org/10.12761/
SGN.2016.01.022. Accessed: August 25, 2016.
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Box 3 @ Alien species in the Galapagos Islands.

Described by UNESCO (United Nations Educational, Scientific through unintentional human assistance. The rate of introduction
and Cultural Organization) as a “living museum and showcase represents an average of around three species per year.

of evolution”, the Galapagos Islands, a World Heritage site, Geographic origins and modes of introduction have diversified
are today a major tourist attraction. Some 1,476 of 1,579 alien over time, reflecting the increase in human influence on the
terrestrial (and marine) species have become established on islands. In general, islands are prone to invasions. The mythical
the islands (Toral-Granda et al., 2017); 50% of aliens were first oceanic Robinson Crusoe islands are also strongly invaded
reported after the 1990s and just over 50% were introduced (Wester, 1991).

Figure 3 @ Normalised decadal values for the cumulative number of alien species, residents
and tourists, in the Galapagos Islands, ecuador. Source: Based on data given in

supplementary material in Toral-Granda et al. (2017).
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the most diverse freshwater bivalve fauna globally also in
North America (Bogan, 2008); and an especially diverse
assemblage of decapods in Central America (Wehrtmann
et al., 2016).

Freshwater species contribute NCP in numerous ways.
Freshwater mussels cleanse water (Nobles & Zhang, 2011).
Fish regulate nutrients in water (Holmlund & Hammer, 1999).
North American Pacific salmon transfer nutrients from
marine to freshwater realms when they die en masse after
migrating upstream (Flecker et al., 2010). In the Amazon,
Orinoco, and parts of Central America, frugivorous fish
disperse seeds for floodplain forest trees (Flecker et al.,
2010). An estimated 450,000 tons of riverine fish are landed
each year in the Amazon, with important implications for the
food security of local people (Junk et al., 2007; Mclntyre et
al., 2016). However, riverine fish catch is estimated to be
low in large North American rivers like the Mississippi, where
recreational fisheries dominate commercial or artisanal
fisheries (Mclntyre et al., 2016). Overall, reported inland fish
catch in the Americas is low compared to other regions
(Bennett & Thorpe, 2008).

Status. Much freshwater biodiversity in the Americas is
threatened, derived largely from catchment land use, water
use and direct habitat alterations (Vérésmarty et al., 2010)
(see Chapter 4 for discussion of drivers). Some 23% for

the Nearctic and 22% for the Neotropics of freshwater
mammals, amphibians, reptiles, fishes, crabs and crayfish
collectively fall here. The well-studied North American
biogeographical region freshwater fish fauna in the 20"
century had the highest extinction rate worldwide among
vertebrates (Burkhead, 2012). Some 72% of freshwater
mussels in the USA and Canada were considered imperiled
as of the early 1990s (Williams et al., 1993). In Central
America, 42% of ca. 500 known amphibian species have
been assessed as threatened, with stream-dependent
species at particular risk (Whitfield et al., 2016). Regions with
low threat are remote areas in northern Canada, Alaska, and
the Amazon.

Recent trends. In North America (including Mexico), since
1989, the number of threatened freshwater fishes has
increased by 25%; extinctions peaked after 1950 with

7.5 extinct taxa per decade post-1950 (Burkhead, 2012).
This level of extinction gives reason for great concern. In the
Caribbean native fish species continue to decline and be
extirpated with dam building, pollution and overharvesting
exerting considerable pressure (Cooney & Kwak, 2010). In
the 1970s, a noticeable decline in populations of freshwater
turtles in the Amazon was observed (Eisemberg et al.,
2016). Amphibian population declines in Mesoamerica and
South America have been documented largely beginning

in the 1970s-1990s, with the majority in the 1980s (Young
et al., 2001). Freshwater mussel extinctions have been
documented in the USA from the beginning of the 20"
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century, with a peak of eight extinctions in the 1920s through
the 1940s and seven documented extinctions in the 1970s
(Haag, 2009).

3.2.3.2 Patterns and trends in alien and
invasive species

Status and recent trends. Data on freshwater alien species
is scattered, making it difficult to provide an overall picture
for the Americas and its subregions. Where databases are
available, numbers of alien species can be high, as seen

in over 1000 species in the USA (plants excluded) (Fuller &
Neilson, 2015) and 50 species of fishes (including marine
species) in Mexico (Mendoza & Koleff, 2014) (see also Box
3.2). The impacts of aquatic alien species are multiple and
can be severe (Table 3.3). The spread of some aquatic
invasive alien species, moreover, has been very rapid,
leaving cause for concern.

In North America, alien freshwater species have been
arriving for close to two centuries and continue to arrive.
Some of the earliest known introductions occurred in the
late 1800s when fish were transported from coast to coast
(Benson & Boydstun, 1999). Crayfish and other freshwater
organisms were moved from the southeastern USA to

the western USA to serve as game species or forage for
game species. Temperate piscivorous and carnivorous fish
species have been reported to cause much harm to native
fish fauna, especially in Cuban freshwaters, Lake Atitlan
(Guatemala) and Lake Titicaca (Bolivia and Pert) (Revenga &
Kura, 2003).

The zebra mussel (Dreissena polymorpha), native to Europe,
and the Asian clam (Corbicula fluminea) are estimated

to cost the $1 billion a year, largely through impacts to
infrastructure (Pimentel et al., 2005). Their spread has been
recent, with the first established zebra mussel population
recorded in the USA in 1988 (Benson, 2012). Some
freshwater invasive species in South America have also
spread very rapidly. For example, the exotic freshwater
water-fouling mussel, Limnoperna fortunei, was introduced
into Rio de la Plata estuary in 1991; from there it spread at
a rate of up to 250 km year' and is now found in freshwater
systems in Argentina, Uruguay, Paraguay, Brazil, Bolivia
(Darrigran et al., 2012; Darrigran & Ezcurra de Drago,
2000; Cliveira et al., 2015). This mussel, which is similar to
invasive Dreissinids in North America, has altered benthic
communities and is predicted to expand further. This
example shows that insufficient measures to prevent the
introduction of invasive aquatic species can have severe
consequences. The most invaded freshwater system in

the Americas, and a warning to what can happen without
adequate control from the beginning, are the Great Lakes
of North America (Box 3.2, Figure 3.9). Other examples of
freshwater invasions are shown in Table 3.3.
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Table 3 @ Multiple effects of freshwater invasive species in the Americas. See Chapter 4
for additional examples. ¢ = negative impact; « = positive impact.

Sources: 1 Junk (2007); 2 Thompson et al. (1987); 3 Brown & Maceina (2002); 4 Perry et al. (2001);
5 Pyron et al. (2017); 6 Wilson et al. (2011); 7 Howard (2016); 8 Leal-Flérez (2008); 9 Montecino et al. (2014);
10 Villamagna & Murphy (2010); 11 Bacheler et al. (2004).

- Invasive species

° Introduction of rainbow trout in Lake Titicaca decreased native fish food supply.!
[ Purple loosestrife (Lythrum salicaria) has reduced the biomass of 44 native plants and dependent endangered wildlife species.?
[} Infestations of the aquatic weed hydrilla (Hydrilla verticillata) have reduced angling up to 85%.3
[} The rusty crayfish (Orconectes rusticus), native to the Ohio River basin, is spreading in the USA and replacing native species.*
° A§ian carp contriputed to mgqificatipns in native fish assemblages in the Wabash River, USA, likely by competing
with native planktivore / detritivore fishes.5
° The cane toad (Bufo marinus) has spread to the Caribbean and is killing the threatened endemic Jamaican boa (Epicrates subflavus).8

e ? Hippos introduced into Colombia are now multiplying and may contribute to eutrophication via their waste.”

Accidental introduction of Oreochromis niloticus into Colombia’s Santa Marta estuary has provided local fishermen with a source of income during short

J periods of low salinity, when native fish catches drop. However, this same species has had negative impacts in many other American ecosystems.8
° The alien diatom Didymosphenia geminata recently expanded in southern Chile and Argentina greatly reducing aesthetic value of lakes and streams.®
° The water hyacinth (Eichhornia crassipes), native of lowland tropical America, has become invasive in many countries of the region with mostly negative
effects on waterways, but some positive effects on biodiversity.1?
° In Puerto Rico, there is a significant overlap in diet between the native Gobiomorus dormitor and largemouth bass Micropterus salmoides

introduced from North America.!!

Box 3 @ The Great Lakes history with invasive species.

The Great Lakes in North America have accumulated an excess Lakes during the 20" century, impacting several fisheries. Zebra

of 165 alien species in what is still an ongoing process (Figure mussels and quagga mussels, first detected in the late 1980s,
3.9). Some species have had significant negative impacts on create dense colonies that harm ecosystems, harbors and
aquatic ecosystems (Higgins & Vander Zanden, 2010). Among waterways and clog water intakes in water treatment facilities
the most damaging is the sea lamprey (Petromyzon marinus), and power plants.

which appeared in the 1830s and spread throughout the Great

Figure 3 @ Trends in the accumulation of alien and invasive species in the North American
Great Lakes over time.

The upper line of the graph shows total cumulative number; the other lines show the contribution from
various vectors. “Release” includes both intentional and unintentional; “other” includes railroads, highways,
aquaria, and baitfish. Source: Data compiled from Kelly (2007), Kelly et al. (2009) and Ricciardi (2006).
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3.2.4 Marine biodiversity

3.2.4.1 Patterns of diversity for
taxonomic groups

Status. Marine life in the Americas is found in the Atlantic,
Pacific and Arctic oceans, and in the Caribbean Sea.
Atlantic and Pacific offshore and deepwater areas (> 200 m)
encompass a range of habitats with a wide diversity of
species (OBIS, n.d.) (Figure 3.10). Exceptional diversity

is being revealed for the oceans. Including all taxonomic
groups (except bacteria and phytoplankton), 12,046 marine
species have been found in the Caribbean realm (Miloslavich
et al., 2010), 10,201 in the Humboldt Current System,
6,714 in the Tropical East Pacific, 9,103 on the Brazilian
shelves, 2,743 in the Tropical West Atlantic, and 3,776 on
the Patagonian shelf in South America (Miloslavich et al.,
2011). These numbers are considered to be conservative
(see 3.6). Marine mammals in the Americas include

74 cetacean species, 22 pinnipeds, 3 sirenians, 3 mustelids
and the polar bear. Additionally, six of the world’s seven sea
turtles and more than 400 chondrichthyan species occur

in the Americas. The Arctic Ocean, in its waters, ice and
seafloor, hosts unique biodiversity of many thousands of
species, including mammals, seabirds, fish, invertebrates,
and algae (Gradinger et al., 2010) in a rapidly changing

environment (see Chapter 4). The Caribbean basin deep-
sea species database (OBIS. n.d.) lists 1,530 species from
12 phyla, but much more work is needed (Miloslavich et
al., 2010). The Caribbean Sea holds most of the Americas’
biodiversity associated with coral reefs.

In many species of coastal fish, mangroves, seagrasses,
squids, non-oceanic shark species, and corals, diversity
generally peaks near the equator (Tittensor et al., 2010).

In contrast, pinniped (seals and sea lions) diversity is

highest in polar regions. Cetacean species diversity peaks

in the subtropics in both oceans, and is highest on the
Atlantic coast of Argentina (Tittensor et al., 2010). Shark
species peak in biodiversity between 30 and 40 degrees

N and S; southeastern Brazil and the southeastern USA

are considered global hotspots of shark biodiversity with
high species richness, functional diversity, and endemism
(Lucifora et al., 2011). Brazil alone has 31 endemic shark
species (Lucifora et al., 2011). Seaweed biodiversity peaks in
temperate regions around 35 degrees latitude N and S in the
Pacific (Gaines & Lubchenco, 1982), although it is also highly
diverse in the Caribbean (Kerswell, 2006). Kelp diversity is
greatest in colder parts of both oceans, and algal diversity
reaches its nadir in the southeastern Atlantic (Argentina,
<100 species) (Kerswell, 2006). The America’s host hundreds
of thousands - if not millions — of invertebrate species;

their biogeographic patterns are still poorly known (Sala &

Figure 3 {® Species richness across coastal fishes, marine mammals, mangroves, corals,
foraminiferans, euphausids, cephalopods, tuna and sharks in the coastal

ecoregions of the Americas.

Source: own representation from supplementary data in Tittensor et al. (2010).
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Knowlton, 2006). Invertebrate diversity within many distinct
taxonomic groups generally (with some exceptions) follows
the latitudinal trend of increasing species diversity per area
at lower latitudes, as seen in South American crabs on both
coasts (Astorga et al., 2003), and fish (Rohde et al., 1993),
molluscs (Roy et al., 1998) and foraminifera (Rutherford et
al., 1999) in North America. Different biogeographic regions,
reflecting major oceanographic features, have distinct
invertebrate species assemblages off South America,

North America, the Arctic and the Caribbean. This pattern
is exemplified by the spatial distribution of the estimated
1,539 species of echinoderms inhabiting Latin America
(Pérez-Ruzafa et al., 2013). The Western Atlantic and the
coast of South America host an exceptionally high diversity
of the world’s 2064 ophiuroid echinoderms (335 species)
with high rates of endemism (Stohr et al., 2012).

3.2.4.2 Patterns and trends in marine
invasive species

Status. Pagad et al. (2017) document 2,103 introduced
marine species worldwide, of which 305 are considered
strongly invasive. According to this source, the North
American continent has 388 alien marine species

(70 invasives); Mexico, 94 (6 invasives); the Caribbean
Sea, 47 (5 invasives); Brazil, 49 (9 invasives); Argentina, 25
(1 invasive) and Greenland, 1 (not invasive).

In general, North American waters are more heavily invaded
than those of other subregions (Figure 3.11). However,

differences between North and South America are less
evident when considering invasive algae (including native
invasive species) (Figure 1.A in Seebens et al., 2016).
Miloslavich et al. (2011) report more alien species at cooler
latitudes in South America, but this difference might be
influenced by sampling density at other latitudes. Most alien
and invasive invertebrate and algal species are found in bays
and estuaries, with few occurring on outer coasts (Ruiz et
al., 2015). San Francisco Bay, USA, may the most invaded
marine region on Earth, with more than half its fish and
most of its benthic invertebrates being non-native (Cohen &
Carlton, 1998).

As in terrestrial habitats, recent invasions may not be
detected for many years. Controlling the introduction of
marine species and their impacts, however, is far more
difficult than controlling terrestrial and freshwater species
given that they are not so obvious. Moreover, introduced
marine species can transport many other alien species. For
example, the American oyster, Crassostrea virginica, was
introduced to the Pacific coast to supplement stocks of
local species. Oyster drills (Urosalpinx cinerea), slipper shells
(Crepidula fornicata and C. plana), polychaetes (Polydora
cornuta), and cordgrass (Spartina alterniflora) may have
been introduced with them (Ray, 2005). Worms used for live
bait (Glycera dibranchiata) are shipped packed in seaweed,
which carries many potentially invasive organisms such as
snails, crabs, isopods, insects, plants and algae (MD Sea
Grant, n.d.). Some species arrive by multiple mechanisms,
e.g. the Chinese mitten crab (Eriocheir sinensis) may have
arrived in ballast water and in live trade as food (Ruiz et al.,

Figure 3 @ Relative invasion levels in marine habitats across the Americas based on the

number of species with high ecological impact scores per ecoregion. Source:
Modified from Molnar et al. (2008).
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2000) or as pets from the aquarium trade (Dee et al., 2014;
Smith et al., 2008). Overall strategies to deal with marine
invasion require international collaboration.

Recent trends. As is occurring in terrestrial and freshwater
systems, the spread of alien species in marine systems of the
Americas continues. Marine species once established, can
spread very rapidly. The Asian green mussel Perna viridis,
native to the Indo-Pacific, was first observed in Caribbean
waters in 1990 (Agard et al., 1992). Within 10 years, green
mussels were found along the coasts of Venezuela, Jamaica
and Tampa Bay, Florida (Benson et al., 2001; Buddo et al.,
2003; Ingrao et al., 2001; Rylander et al., 1996). Rates of
marine introduction seem to be increasing in some places.
For example, Cohen and Carlton (1998) estimated that

the San Francisco Bay and Delta ecosystem has received
about one new invasive species every 36 weeks since 1850:
as of 1970, the rate increased to one new species every

24 weeks. A huge number of marine species (280) were
recently found to have crossed the Pacific from Japan to the
west coast of North America on debris swept to sea by the
2011 tsunami (Carlton et al., 2017), warning that increasing
amount of debris in the oceans are a potential source of
invasive marine species. Invasions related to human food
production are a current concern. Non-native shrimp (Asian
tiger shrimp, Penaeus monodon), oysters (Ostrea edulis) and
Atlantic salmon (Salmo salar) cultured in marine enclosures,
have generated concern over disease and other impacts that
might arise from their escape.

3.3 BIODIVERSITY AND
PEOPLE

3.3.1 Cultural diversity: How many
indigenous groups and languages
are represented in the Americas?

Cultural diversity is defined as the spiritual, material,
intellectual, and emotional processes and dynamics
developed by a social group. It is composed of livelihoods,
values, traditions, knowledge, and beliefs centered on
nature (Berkes, 2008; Posey, 1999; UNESCO, 2002).
Traditional cultural and spiritual values provide the context in
which environmental stewardship can be nurtured (Kothari,
2009; Robson & Berkes, 2012).

In the 1980 census, half of the Latin American countries
quantified their indigenous populations based on linguistic
criteria (CEPAL, 2014; Correa, 2011). As of 2000, 16 out of
19 countries identified their indigenous populations on the
basis of self-determination, common origin, territories, and
linguistic and cultural dimensions (Bartolomé, 2006; CEPAL,
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2014; F. Correa, 2011; International Labour Organization,
1989). Based on these criteria, in 2014, 826 native
populations were legally recognized in the Americas (305 in
Brazil, 102 in Colombia, 85 in Peru, 78 in Mexico, 39 in
Bolivia) and 15 First Nations populations were recognized
in Canada and the USA (United Nations Development
Programme, 2014). In Latin America in 2010, indigenous
peoples numbered about 45 million. Mexico is home to

17 million (15.1% of the total population); Peru, 7 million
(24%); Bolivia 6.2 million (62.2%) and Guatemala, 5.8 million
(41%) (CEPAL, 2014). In Canada, First Nations population
was less than 1 million (2.6% of the total population) and in
the USA, 5.1 million (1.7%) (United Nations Development
Programme, 2014). In the 2011 census, aboriginal peoples
in Canada totaled 1.4 million, or 4.3% of the population.
Some 600 First Nations governments or bands with
distinctive cultures, languages, art, and music were
recognized. In the USA, 566 distinct Native American tribes
are recognized by the government as of 2016, including
indigenous peoples of Alaska and Hawaii (Federal Register,
2016). In 2010, the US Census Bureau estimated that about
0.8 or 0.9% of the USA population was of native American
descent; one-third of that population lives in California,
Oklahoma and Arizona (USA quickfacts census, 2012).

Languages underpin ethnobotanical, ethnozoological and
ethnoecological knowledge and guides a people’s spirituality
and worldview. Indigenous and local knowledge (ILK) is
transmitted by language and thus conserving languages is
crucial for understanding biodiversity as it relates to human
well-being. Over 1,000 indigenous languages are spoken
across the Americas. Most of the indigenous American
languages in North America are in trouble, dying or already
extinct. Other subregions also face language extinction but
are somewhat more stable (Chapter 2, Table 2.2).

3.3.2 Cultural and biological
diversity: Traditional knowledge
and worldviews among the
indigenous communities of the
Americas

Traditional knowledge. “Traditional knowledge is the
ancestral wisdom and the collective and integrated
knowledge that indigenous, Afro-descendants, First Nation
peoples, and local communities share based in their

praxis in the interrelationship human-nature, transmitted
from generation to generation” (De la Cruz et al., 2005).
Biodiversity has significance to indigenous communities for
human nature, culture and spirituality. Traditional knowledge
is collective, intergenerational and linked to the right of free
determination and worldview (De la Cruz, 2011; Robson

& Berkes, 2012). These interrelationships constitute the
biocultural heritage of indigenous people that is intimately
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related to their connection to land and sacred or spiritual
places, and influence how people interact with and manage
land. A good example is seen in the indigenous Menominee
people who inhabit the Great Lakes region (Box 3.3).

Worldview. The “worldview” is the structured group of
diverse ideological systems by which a social group
understands the universe and the order of systems,
knowledge, and interrelationships with nature. (Lopez-Austin,
1990). Recognition of worldview signifies appreciation for

a system that has the potential to be less damaging to the
environment than many current dominant practices. The
worldview is interrelated with territory, nature, religion, politics
and the economy (Zolla & Zolla, 2004). Most indigenous
populations share principles that derive from their worldview,
including the principle of reciprocity, the principle of
correspondence between the micro-cosmos and the macro-
cosmos and the principle of complementarity, in which the
cosmos functions with all of its parts (Zolla & Zolla, 2004).

For the Otomi people, an indigenous group in Mesoamerica,
worldview explains the universe; the origin and destiny of
humanity; the origin of their territory and mountains as the
source of fertility and force; the dialogues between humans
and animals to seal protection; the creation of plants, health,
and sickness as a unity among body, soul and land; and

the circle of time and space (Galinier, 1997; Pérez, 2008).
Humans are integrated with land, animals, plants, and
mountains. Well-being consists of finding equilibrium among
these parts. “To be fine is to dominate our soul (ro mui)”
(Pérez, 2008). Among the Kichwa people in Ecuador, the
Sumak Kawsay (“good living”) is based on a communitarian
space, continuous dialogue with Mother Nature or Mother

Earth (pachamama), the conservation of ecosystems,
different ways to produce knowledge by all members,
social organization based on the principle of reciprocity
and solidarity (minka, ranti-ranti, makikuna, uyanza). For
Manuel Castro (ECUARUNARI, Ecuador), Sumak Kawsay
implies social equity, justice, and peace (Houtart, 2014).
For Eugenia Choque, suma jakafia means to achieve

food sovereignty, and for Xabier Albé it denotes to “live
together well” (Houtart, 2014). This worldview constitutes an
alternative for development and a “cosmic ethic” (Gudynas,
2009, 2011; Houtart, 2014). Much can be learned from
the worldview of indigenous peoples when it comes to
sustainability and biodiversity conservation.

3.3.3 Domestication and use of
biodiversity and agroforestry

Domestication. The northeastern USA, Mesoamerica,

the Andean region of Peru, Ecuador and Bolivia, and the
Amazon basin are widely recognized as primary sites of
management and domestication of biological diversity in the
Americas (Casas et al., 2007; Chacon et al., 2005; Clement
et al., 2010; Galluzzi et al., 2010; Harlan, 1971; Kwak et al.,
2009; Parra & Casas, 2016; Perry et al., 2007; Smith, 1994)
(see also Chapter 2).

Many plants were domesticated in Mesoamerica (mainly
30 food species, such as maize, beans, tomatoes,

cacao, squash, and chili), and the Andean region (potato,
quinoa, squash, maize, beans, chil), Brazil, Paraguay
(mate, pineapple, some nuts) (Harlan, 1961; Kloppenburg,
1991; Nemoga Soto, 2011) (see also Chapter 2). In the

Box (3 @ The Menominee Nation: an example of indigenous knowledge and practice.

The Menominee Nation is a nation of indigenous people

of North America that has existed for thousands of years.
Currently situated in Wisconsin (USA), it stewards one of

the significant regions of contiguous vestiges of old growth
hardwood forest that remain in the Great Lakes Region. The
present-day Menominee reservation is only a fraction of the
estimated 4.05 million hectares of ancestral lands accessed
by the Omaegnomenewak prior to European contact.
Treaties with the USA government between 1817 and 1856
resulted in a large loss of land, down now to approximately
95,313 ha (Omaegnomenew Masenahekan, 2004). Much of
the Menominee forest is old growth due to efforts by early
leaders to manage the resource sustainably in a time when land
barons were harvesting what they perceived were unlimited
supplies of timber. Some 68% of the region was covered by
old-growth forests in the late 1800s (Frelich, 1995), but only
about 1% of Wisconsin’s old-growth forests remain today as
a consequence of producing more than 8.26 million cubic

meters of timber annually in the late 1800s. Guided by tribal
leaders’ philosophy for managing forests and processing of
forest products, Menominee forested land provides economic
benefits not only through sustainable timber harvesting and
wood product manufacturing but also through access to
culturally important plant and animal species and ecosystems.
As a result, the Menominee forest is home to ecosystems not
seen in Wisconsin since before the great forest clear-cuts of
the 1800s. The current sustainable forest management is a
reflection of the worldview of early tribal leaders expressed in
the following management goal: Maintain the diversity of native
species and habitats, continue to improve environmental and
cultural protection, improve planning efforts, further develop
economic opportunities, promote communication, and
increase environmental education for the Menominee people,
while maximizing the quantity and quality of forest products
grown under sustained yield principles (Menominee Tribal
Enterprises, 2012).
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northeastern USA, native peoples domesticated perhaps

20 plant species, dogs, and turkeys; in the Mesoamerica
subregion nearly 200 plant species, dogs, turkeys, and
cochineal were domesticated (Casas et al., 2017; Zarazla,
2016). In the Andean region of Peru, 182 plant species,
dogs, and two species of camelids (llamas and alpacas)
were domesticated (Wheeler, 2017), as well as the guinea pig
and possibly the duck Cairina moschata (Torres-Guevara et
al., 2017). In the Amazon, at least 80 species of edible plants
have been domesticated (Clement, 2017; Clement et al.,
2016). In Mexico, incipient management may include 800 to
1,200 plant species, whereas in Peru nearly 1,800 species
are incipiently managed (Casas et al., 2016; Casas et al.,
2017; De Jong, 1996; Fraser et al., 2011; Moreno-Calles

et al., 2016; Moreno-Calles et al., 2016; Peri et al., 2016;
Somarriba et al., 2012; Torres-Guevara et al., 2017).

In addition to agricultural development, local populations
manage a high diversity of forests (tropical, dry, temperate,
boreal) and ecosystems (coastal, wetland, mountain, plain,
desert, aquatic) from which they obtain food, medicine,
wood, fuelwood, water, tools, handicrafts, colorants, fodder,
ornamental, biological control and instruments. Traditional
agricultural systems in the Americas, a result of millennia

of cultural and biological evolution, harbor high levels of
biodiversity, planned and associated, and represent a high-
quality matrix that allows forest species movements among
patches (Galluzzi et al., 2010; Larios et al., 2013; Perfecto
& Vandermeer, 2008). Traditional farming systems can have
a structural complexity and multifunctionality that benefit
people and ecosystems and allow farmers to maximize
harvest security and reap the benefits of the multiple use of
landscapes with low-environmental impacts (Altieri, 2000;
Galluzzi et al., 2010). For example, Mayan milpa systems,
characterized by open field gaps, reforested plots, and
mature closed-canopy forests are recognized for their high
agrobiodiversity. In Mayan milpa systems of Greater Petén
on the Yucatan Peninsula, around 99 cultigens of native
species have been reported as dominant plants on the open
multi-crop maize fields, and more than 30 native tree species
are managed or protected inside the long-lived perennial
reforestation plots and under closed canopies (Ford & Nigh,
2015). Saving such biodiversity should be a priority.

Use of biodiversity. Besides domestication, the biologically-
diverse Americas contain a large amount of other
biodiversity used by people, including plants, vertebrates,
arthropods, fungi, lichens, bacteria, and yeasts. For Mexico,
the ethnobotanical data bank at the Universidad Nacional
Autdbnoma de México records close to 7,000 useful plant
species out of a total of 24,000 for the country (Casas et
al., 2017; Casas et al., 2016). Studies in some regions

of Mexico indicate that, on average, nearly 40% of plant
species are useful. Such information leads to an estimate
of around 10,000 useful plants in Mexico. In Peru, different
studies have recorded some 4,400 useful plant species
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(Torres-Guevara et al., 2017). Mesoamerican peoples

are known to use about 7,000 plant species, mainly for
medicines; 3,000 animal species (including insects); and
120 fungal species (Caballero & Cortés, 2001; Hernandez,
1985; Rojas, 1991).

Agroforestry. In Latin America, an estimated 200 to

357 million ha are under agroforestry (Somarriba et al.,
2012). About 12 recognizable types are found, seven in the
tropics and five in temperate zones (AFTA, 2017; Jose et al.,
2012; Kort et al., 2014; Nair, 1985; Nair et al., 2008; Peri
et al., 2016; Somarriba et al., 2012). Agroforestry systems
in North America and part of southern South America are
of recent origin, while central and northern South American
agroforestry systems are bound to highly diverse cultural
zones, where societies have preserved their traditional
knowledge over thousands years (Casas, Parra et al., 2016;
Casas, Parra-Rodinel, Rangel-Landa et al.,2017; De Jong,
1996; Fraser et al., 2011; Moreno-Calles, Casas, Rivero-
Romero et al., 2016; Moreno-Calles, Casas, Toledo et al.,
2016; Somarriba et al., 2012; Torres-Guevara et al., 2017).
Ethnoagroforestry management conserves native wild
plants, wild and domesticated animals, and the interactions
among them (Moreno-Calles et al., 2016; Pell, 1999).
Species richness of non-volant mammals and amphibians
is similar for agroforestry systems and forests (Chaudhary
et al., 2016; Danielsen et al., 2009; Garcia-Morales et

al., 2013; Mendenhall et al., 2014; Philpott et al., 2008).
However, forest birds, particularly specialist species, and
phytophagous bats have declined over time in richness and
abundance, respectively, in agroecosystems (Danielsen et
al., 2009; Garcia-Morales et al., 2013; Mendenhall et al.,
2014; Philpott et al., 2008; Gongalves et al., 2017).

Agroforestry systems are being lost due to human migration,
access to commercial markets, land use change, and the
disinterest of government agencies (Montes-Leyva et al.,
2017; Van Vliet et al., 2012). The creation of agroforestry
systems based on traditional indigenous and local
knowledge and novel technological advances promises
improvement of ecological interactions, provision of multiple
products and ecosystem services (Jose et al., 2012;
Moreno-Calles et al., 2016; Moreno-Calles et al., 2016;

Peri et al., 2016), and if stimulated, would contribute to
biodiversity conservation.

3.3.4 Status and trends of
biodiversity in urban anthropogenic
systems

Status. Urban areas are home to about 80% of the
population in the Americas. Urban land in the North
American (excluding Greenland) and Mesoamerican
subregions accounts for 5% of the total land (Gineralp
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& Seto, 2013). The Caribbean subregion has the highest
urban land fraction (16%) and South America the lowest
(2%). Currently, the Americas host eight (20%) of the
world’s 40 Megacities (population over 10 million): two in
the North American subregion, one in the Mesoamerican
subregion and five in the South American subregion. There
are many other large cities in the Americas that do not
qualify as megacities (Figure 3.12A). Urban ecosystems
in the Americas are expected to continue to expand and
coalesce (Seto et al., 2012). This signifies that urban areas
will be the main contact point with nature for an increasingly
large proportion of the Americas population. Policies that
conserve and enhance urban biodiversity will thus enhance
human well-being.

Urban areas in many parts of the Americas are surrounded
by high-diversity ecosystems. Major changes in species
richness, species composition, and ecosystem functioning
have accompanied urbanization (McPhearson et al.,

2013; Pauchard & Barbosa, 2013) although cities may

be hotspots of plant biodiversity because of human
cultivation (Mdller et al., 2013). A survey of spontaneous
and cultivated flora across seven USA cities found a positive
association between species richness and urbanization
(Pearse et al., 2018), a pattern that has been observed

in other regions (Hope et al., 2003; Walker et al., 2009).
However, urbanization can lead to loss of spontaneous
species richness and phylogenetic diversity and selects
for plants with functional traits that allow them to disperse
and reproduce well in the urban environment (Knapp et al.,
2012). That is, the urban flora is a non-random sample of
plant biodiversity.

Cultivated plant species in North America, and perhaps
across the Americas, include a high number of introduced
species (Pearse et al., 2018). Such introduced species

can escape cultivation (Knapp et al., 2012; Pearse et al.,
2018) and interact with native species, changing the floral
composition in urban areas and beyond (Shochat et al.,
2010). Indeed, the proportion of exotic plants is expanding,
and the number of native species is declining in urban areas
in the Americas (Reichard & White, 2001; McKinney, 2002;
Kowarik, 2008; MacGregor-Fors & Ortega-Alvarez, 2013),
while urban floras are tending to homogenize (La Sorte

& McKinney, 2007). Consequently, urbanization affects
community assembly and leads to more simplified (Aronson
et al., 2014; McKinney, 2002; Stranko et al., 2010) and
more homogenized ecosystems (Groffman et al., 2014; Hall
et al.,, 2016; La Sorte & McKinney, 2007; McKinney, 2006;
Steele et al., 2014).

Some plant and animal species tend to do well in the
physical structure of the urban landscape and are able

to take advantage of the availability of resources such as
human garbage. However, animal species richness tends to
decline along urbanization gradients (Aronson et al., 2014;

Chace & Walsh, 2006; Gonzéalez-Urrutia, 2009; Groffman

et al.,, 2003; Hamer & McDonnell, 2008; McKinney, 2002,
2008; Moore & Palmer, 2005; Ortega-Alvarez & MacGregor-
Fors, 2011; Paul & Meyer, 2001; Stranko et al., 2010; Urban
et al., 2006). That said, nonlinear relationships have also
been reported for animal species along these gradients
(Blair & Launer, 1997; Faggi & Perepelizin, 2006; Germaine
& Wakeling, 2001; Mclntyre et al., 2001; McKinney, 2008).

Urban environments are associated with a decline in native
mammals, with the rare exception of species able to thrive
near humans. Carnivorous and large mammals have been
progressively excluded from urban areas, while middle-size
omnivorous mammals that eat anthropogenic foods tend to
persist (McCleery, 2010; Pereira-Garbero et al., 2013). Many
small mammals in the Americas are poorly represented in
cities except rats and mice (Cavia et al., 2009; Childs &
Seegar, 1986; Himsworth et al., 2013). The response of
reptile biodiversity to urbanization is poorly understood,
although positive trends were reported for turtles and
snakes (Barrett & Guyer, 2008). In Arizona, lizard diversity
and abundance follows a humped pattern on a residential
density gradient (Germaine & Wakeling, 2001).

Birds are among the most studied urban animals. Avian
diversity and urbanization are negatively correlated, while
the total abundance of birds may increase with urbanization
(Chace & Walsh, 2006; Gonzalez-Urrutia, 2009; Ortega-
Alvarez & MacGregor-Fors, 2011). As in other taxa, these
trends are associated with shifts in functional traits along
urbanization gradients (Chace & Walsh, 2006; Leveau,
2013; McKinney, 2002) and species ability to use waste as
food (Marateo et al., 2013). Urban bird diversity is enhanced
by increases in the number, size, connectivity and habitat
heterogeneity of urban parks and vegetation remnants
(Beninde et al., 2015; Diaz & Armesto, 2003; Garitano-
Zavala & Gismondi, 2003; Gonzalez-Urrutia, 2009; Juri &
Chani, 2009; Manhaes & Loures-Ribeiro, 2005; Maragliano
et al., 2009; Ortega-Alvarez & MacGregor-Fors, 2011;
Perepelizin & Faggi, 2009; Sacco et al., 2013; Villegas &
Garitano-Zavala, 2010). Significant raptor diversity has
been reported, even in larger cities. For example, more than
20 raptor species were recorded in Buenos Aires, Argentina
(Cavicchia & Garcia, 2012). Some 24 species (83% of
Chilean raptor species) were observed in the Chilean
Metropolitan Region of which 18 occur in the vicinity of
Santiago; seven are considered urban or suburban (Jaksic
et al., 2001). In Baja California, Mexico, raptor richness
was unaffected by the anthropogenic transformation of the
habitat (Rodriguez-Estrella et al., 1998). At the same time,
non-native avian species have progressively established in
urban areas. In Mesoamerica some urban areas now have
non-native avian abundances similar to those observed

in developed countries at temperate latitudes (Gonzalez
Oreja et al., 2007). In the midwestern USA, raptors such as
the peregrine falcon, whose populations plummeted with
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Box 3 @ Botanical gardens in the Americas.

Botanical gardens are stores of plant biodiversity that provide
ex-situ conservation and biodiversity education to urban
populations. However, there is a large imbalance in the
distribution of botanical gardens across the subregions. Of the
2,728 botanical gardens registered globally with the botanic
gardens Conservation International, 765 occur in North America,
127 in Mesoamerica, 46 in the Caribbean, but only 164 in

South America (Figure 3.12. B). South America’s relatively low
number is noteworthy given that it houses higher plant species
richness and more megacities than North America. Some very
rich biomes, like the South American Mediterranean forests,
shrublands and scrub biome, have a very poor representation of
certified botanical gardens (Figure 3.12. B).

Figure 3 (® @ Largest cities in the Americas based on population size shown by biome.
@® Location of accredited botanical gardens from the BGCI garden search

database in relation to biomes.

Source: A: http://simplemaps.com/data/world-cities, last updated in 2015. B: Search database www.bgci.org.

Accessed August 5, 2017.
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pesticide use in the mid-20™ century, have been successfully
reintroduced in cities where tall buildings provide suitable
nesting sites (Tordoff & Redig, 2001).

Arthropods show a range of responses to urbanization

(Mclntyre, 2000; Mdller et al., 2013, Raupp et al., 2010).
In the Phoenix area, for example, birds were found to be a
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dominant force controlling arthropod ecology (Faeth et al.,
2005). While some urban gradients involve small changes
in richness or abundance of arthropods, community
composition may change considerably (Mclntyre et al.,
2001). In Palo Alto, California, butterfly diversity has
progressively declined with increasing urbanization (Blair &
Launer, 1997). However, several studies show a positive
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relationship between urbanization and some bee guilds (e.g.
cavity-nesters within urban areas, Potts et al., 2010).

Recent trends. An increase in high-rise buildings has greatly
increased population density in many cities of the Americas.
Urban ecosystems within these cities have increased in size
as the human population has grown (Grimm et al., 2008).
This portends large-scale transformations for the provision
of water, food, and services (Vordsmarty et al., 2000).
Associated transportation systems have created a network
of interconnected urban habitats that has grown significantly
in extent, density and flow (Kohon, 2011; Rodrigue et

al., 2017).

Over the past two decades, the uneven accessibility

of urban greenspace has become recognized as an
environmental justice issue as awareness of its importance
to public health has become recognized (Dai, 2011). Some
cities in Latin America have begun to set goals to plan for

a minimum of 9 m? of green area per inhabitant'. Data on
green areas for cities in the Americas is scarce and this is an
area that needs better attention. The percentage of urban
areas dedicated to green areas is highly variable across the
Americas (Figure 3.13). Considerable variation, moreover,
can occur within individual cities. For example one of

the wealthiest suburbs of Santiago, Chile has 56 m2 per
inhabitant, while one of the poorest has only 2.4 m? (Reyes
& Figueroa, 2010). Generally, the incorporation of green
areas of any kind has promoted urban biodiversity (Cameron
et al., 2012), although the development of green areas has

1. http://ipco.gob.mx/images/documentos/estudios/piam_colima
final 2010.pdf

not been commensurate with the population increase in
urban areas. Thus, conserving biodiversity in urban areas
should be a priority. The establishment of green areas using
native species can simultaneously contribute to biodiversity
conservation and human well-being and should be a priority.

The Americas are projected to experience significant
increases in urban land extent (Figure 3.14. a) (GUneralp

& Seto, 2013). Moreover, North America is expected to
have more than 50% of its total urban lands within 25

km of protected areas and 90% of its urban lands within

50 km of protected areas by 2030; in contrast, South
America is projected to have about 65% within 50 km

while Mesoamerica and the Caribbean are projected to
have somewhat more (Figure 3.14. b) (GUneralp & Seto,
2013). Documented changes in hydrology with urbanization,
including alteration of wetlands (Steele et al., 2014),
pollution, simplification of freshwater environments and loss
of riparian vegetation, will tend to reduce biodiversity among
algae, plants, invertebrates and vertebrate communities
(Groffman et al., 2003; Moore & Palmer, 2005; Paul & Meyer,
2001; Stranko et al., 2010; Urban et al., 2006). Amphibians
are particularly vulnerable to urban development (Hamer

& McDonnell, 2008), habitat loss, homogenization and
isolation (Birx-Raybuck et al., 2010; Cushman, 2006; da
Silva et al., 2011, 2012; Delis et al., 1996; Fahrig, 2003;
Fahrig et al., 1995; Sutherland et al., 2010) and changes

in hydrodynamics (Barrett et al., 2010; Eskew et al., 2012;
Price et al., 2011).

Long-term data on biodiversity in cities of the Americas
still tends to be limited and fragmented. In the USA, two

Figure 3 ® Percentage of urban areas dedicated to green areas in different cities of the
Americas. Based on data from World Cities Culture Forum (http://www.worldci-

tiescultureforum.com/data/of-public-green-space-parks-and-gardens).
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Figure 3 @ @ Total urban extent in 2000 (light green) and projected in 2030 (dark green);
® percentage of total urban land in 2000 (light green) and projected (dark green)
in 2030 within 50 km of protected areas (PA) for North America (NA), Mesoamerica,
the Caribbean (MA+CA) and South America (SA).

Source: Modified from figures in main text and supplementary material in Glineralp & Seto (2013).
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urban Long-Term Ecological Research sites (Baltimore
and Phoenix) have been established to gather social and
ecological data (Redman et al., 2004). Such Long-Term
Ecological Research sites are valuable for the purpose

of comparative international research on urban socio-
ecological systems and their links to decision-making. The
City Biodiversity Index (“Singapore Index”), which integrates
biodiversity data, has been widely used in South East
Asia to assess the role of cities in conserving biodiversity.
This, or some similar index, could be adapted for use in
the Americas.

3.3.5 Status and trends of
biodiversity in agricultural,
silvicultural and aquacultural
anthropogenic systems

European colonization simplified agricultural systems and
landscapes across the Americas, reducing crop diversity,
marginalizing several native crops and eroding knowledge
associated with traditional farming practices (Galluzzi et
al., 2010; Galluzzi & Lopez Noriega, 2014; Khoury et al.,
2014; Kremen & Miles, 2012; Winograd et al., 1999). As
a consequence, large amounts of land in the Americas
are today devoted to intensive cropping and forestry (c.f.,
Beddow et al., 2010). Conversion of land from natural
systems to crop production and agriculture has important
impacts on habitat for biodiversity and differs by biome
(Ramankutty et al., 2010) and type of farming system.

For Latin America, expansion of pastures is the main
cause of habitat loss and is responsible for more than
two-thirds of deforestation in the Amazon region, with
agrofuel and fodder (soybean) monocultures also adding
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pressure to forests (Altieri, 2009; Pacheco et al., 2011;
Thornton, 2010). Agricultural intensification changes and
diminishes ecological functions (Goijman et al., 2015) and
can lead regionally to shifts in species composition (section
3.4 for details of impacts in different terrestrial biomes).
Traditional knowledge and systems for the maintenance
of crop genotypes have been lost as agriculture has been
commercialized. For example, there is evidence of a loss
of large numbers of native potato in Cusco (Gutiérrez &
Schafleitner, 2007), due to the introduction of commercial
strains. This is a vast area of knowledge that was not
possible to cover in the present assessment and warrants
an assessment on its own merits.

Non-native species are often the base of production systems
and can impact ecosystem services needed to support
production in the long term. Fishes in aquaculture represent
a good example, as nearly all countries culture tilapias, carp
and trout, none of which are native to the Americas. Although
Brazil contains 20% of the world’s fish species, aquaculture
is based solely on non-native species — some are native to
the country but produced beyond their native ranges (13N,
2016). The same trend is present in silviculture. Pines (Pinus
spp.) are widely invasive in the southern hemisphere, with

at least 16 species that have spread from planting sites

into natural or seminatural vegetation (Richardson et al.,
1994), while acacias (Acacia spp.) and gums (Eucalyptus
spp.) are either not planted as much or are less aggressive.
These taxa, either in plantations or invasions, have been
documented as intensive water users; areas invaded with
these trees tend to have low economic value and low
productivity (Versveld et al., 1998).

Recent trends. The Americas have led world production
of high-demand agricultural products like soybeans,



CHAPTER 3. STATUS, TRENDS AND FUTURE DYNAMICS OF BIODIVERSITY AND ECOSYSTEMS UNDERPINNING NATURE’S CONTRIBUTIONS TO PEOPLE

sugarcane, and cattle meat over the past five decades.
During this period, the net agricultural production of the
region has grown together with its population (Ramankutty
et al.,, 2002). This has led to increases in the conversion of
land to agriculture (Figure 3.15). The apportionment of land
to agriculture (aggregated within each subregion) shows
the greatest increases in Mesoamerica followed by South
America, but recent declines in the Caribbean and North
America. The total extent of arable and pasture lands in
Latin America has increased at an annual rate (1990-2008)
of 0.87% for South America (16.4 million ha) and 0.15%
for Mesoamerica (828,000 ha). Pasture land grew by

11.3 million ha (0.14% per year) in South America, while in
Mesoamerica it declined 2.7 million ha (-0.17% per year)
(Pacheco et al., 2011). Conversion of land for agricultural
purposes has often come at the expense of forest,
woodland, and other vegetation types (section 3.4).

From 1992 to 2010, richness and phylogenetic diversity
of crop production and exports from all subregions have
been relatively constant. However, South America and
Mesoamerica have higher phylogenetic diversity in crop
production than does North America, and Mesoamerica
has higher crop species richness than both North and
South America (Nelson et al., 2016). In contrast, North
America has a higher consumption of species richness than
other subregions, even while all subregions have similar
phylogenetic diversity in crop consumption (Nelson et
al., 2016).

Pollinator-friendly agricultural systems can help maximize
crop yields by preserving the pollination services offered
by wild bees (Garibaldi et al., 2014; Shaver et al., 2015).

Pollinator loss has been particularly rapid in tropical

regions (Ricketts et al., 2008) as well as in extensive
temperate regions that have experienced drastic land use
transformations, like the Pampas of South America (Medan
et al.,, 2011) and the USA Midwest and Great Plains (Koh et
al., 2016). The high use of pesticides across the Americas
(Liu et al., 2015) is an important additive and interactive
cause of bee declines (Goulson et al., 2015).

Aquaculture has increased in the Americas. In the USA,
aquaculture growth for marine fish and shellfish has been
below the world average, rising annually by 4% in volume
and 1% in value (Naylor, 2006). The main marine species
are Atlantic salmon, shrimp, oysters, and hard clams,
which together account for about one-quarter of total USA
aquaculture production. In South America, Chile is now the
second largest producer of salmon globally after Norway
(Buschmann et al., 2006). Excessive use of antibiotics in
Chilean salmon farms have resulted in antibiotic resistance
(Burridge et al., 2010), and this trend may be widespread.

3.3.6 Emerging diseases and
biodiversity

Emerging infectious diseases have become a major concern
(Hatcher et al., 2012). Bacteria, viruses, protozoan, fungi,
helminths and drug-resistant microbes are commonly
reported in emerging infectious diseases outbreaks
worldwide affecting a wide taxonomic spectrum (Jones

et al., 2008; Pedersen et al., 2007). Multiple mechanisms
and causes for emerging infectious diseases have been
recognized, including biodiversity loss, land use change,

Figure 3 ® Changes in the percentage of land in agriculture for each subregion from 1961
to 2014. Greenland is not included in the calculation for North America.

Percentages of individual countries were multiplied by their area, summed, and divided by the total area of the
subregion. Source: World Bank (2017). World Development Indicators (https://data.worldbank.org/indicator/
AG.LND.AGRI.K2) Last updated Date: March 23, 2017.
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urbanization, climate change, human demographics,
international travel and commerce, species invasions,
pollution, microbial adaptation, war and famine, poverty,
and breakdown of public and animal health measures
(Hatcher et al., 2012; Jones et al., 2008; Loh et al., 2015).
Individually or synergistically, these causes affect patterns of
species distributions and favor invasions of reservoirs, hosts,
vectors, and pathogens affecting native species (Keesing et
al., 2010; Suzéan et al., 2009).

Emerging infectious diseases are reported in marine and
terrestrial ecosystems and are responsible for several
species and populations extinctions worldwide. Coral reef
fragmentation, pollution, and warming have favored toxins
and pathogens like Serratia marcescens (white pox disease)
and Vibrio AK-1 (coral bleaching), producing widespread
coral reef mortality (Sutherland et al., 2010; Vega Thurber et
al., 2014). Likewise, marine mammals have been threatened
by morbilliviruses, poxviruses, and papillomaviruses globally
(Harvell, 1999). In terrestrial systems, plant communities
have been decimated by emerging infectious diseases such
as Dutch elm disease (Ophiostoma spp.), chestnut blight
(Cryphonectria parasitica), and jarrah dieback (Phytophthora
cinnamomi) that affects hundreds of host plants (Anderson
et al., 2004). Several examples of emerging infectious
diseases have been reported to affect vertebrates, including
Batrachochytrium dendrobatidis, a fungal infection
producing population and species extinction in amphibians
worldwide, and malaria infection in Hawaiian birds (Smith

et al., 2009). In the Americas, several endangered and
threatened species have declined as a result of emerging
infectious diseases such as West Nile virus in native birds
(Robinson et al., 2010; Smith et al., 2009), plague in prairie
dog colonies (Stapp et al., 2004) and White-nose syndrome
in North American bats (Frick et al., 2017). Several infections
affect top predators, including canine parvovirus in wild
carnivores (Pedersen et al., 2007) and canine distemper,
which is associated with extinction in the wild of the black-
footed ferret (McCarthy et al., 2007; Thorne & Williams,
1988). Increasing spread of infectious diseases can be
expected with globalization, calling for greater vigilance.

3.4 STATUS AND
RECENT TRENDS OF
BIODIVERSITY BY UNITS
OF ANALYSIS

3.4.1 Terrestrial biomes

In this section, snapshots of the status and recent trends
in biodiversity for the major terrestrial biomes are examined
in each subregion where they occur (see Chapter 1 for
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official units of analysis map of the assessment). Although
coverage is extensive, space limitations prevented
assessment of all biomes in each subregion and exhaustive
treatments for the biomes that are assessed. Status and
recent trends in biodiversity and the relative importance of
NCP are synthesized in Figures 3.24 and 3.25, respectively.
Summary data on species richness for the biomes assessed
in each subregion can be found in Table 3.4.

3.4.1.1 Tropical and subtropical moist
forests

Mesoamerican subregion

Status. Species diversity in the Mesoamerican broad-leaved
tropical/subtropical moist broadleaf biomes is high, with low
to moderate species endemism (Myers et al., 2000; Ray et
al., 2006). In Mexico, moist wet forests and montane cloud
forests have the highest diversity of plant species per unit
area among vegetation types (Rzedowski, 1991). Tropical
lowland broadleaf moist forests house around 17% of the
flora of Mexico, while montane mesophyll forests contain
around 9% of the flora (see also, Table 3.4 for numbers)
(Challenger & Soberdn, 2008). Mesoamerican coniferous
forests in general support low to moderate species diversity.
Notably, however, Mexican coniferous forests contain

very high numbers of pine and oak species (Table 3.4).
Species diversity and endemism for amphibians are high in
the moist forests of the Mesoamerican highlands (Kéhler,
2011; Lamoreux et al., 2015). In Mesoamerican lowland
rainforests, the diversity of mammals decreases from
eastern Panama to southern Mexico (Voss & Emmons,
1996). The mesic forests of southeastern Mexico have been
classified as critically endangered (Hoekstra et al., 2005).

Recent trends. Over the past 50 years, loss of lowland moist
forest in Mexico was acute, the yearly deforestation rate
reaching 2.6% for 1976-1993 and 1.3% for 1993-2002
(Challenger & Dirzo, 2009); by 2002 primary forest was
down to only 17.5% of the original area. Before the late
1980s, forest loss was generally caused by small-scale
slash-and-burn agriculture. In the past 25 years, however,
large-scale cropping and pastures became the main causes
of tropical habitat loss (Gibbs et al., 2010; Laurance, 2010).
Montane mesophyll forest (including cloud forest) was
reduced from less than 50% to 28% of its original extent
over the period 1976 -2003; coniferous forests fared better,
with around 50% still remaining (Challenger & Dirzo, 2009).

Removal and fragmentation of moist forest have led to

a significant decrease of regional species diversity (Ray

et al., 2006). Many amphibian species have experienced
severe local and regional declines across the moist forests
of the Mesoamerican highlands due to habitat destruction,
emerging infectious diseases and other factors (Lamoreux
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et al., 2015; Stuart et al., 2008). The increased use of
pesticides and fertilizers, loss of live fences, and decline of
natural habitat fragments within agroecosystems — have also
exacerbated biodiversity losses due to habitat reduction
(The Nature Conservancy, 2005).

In general, tropical forests seem to be resistant to the
impacts of invasive plant species (Denslow & DeWalt, 2008),
and compared with habitat loss and fragmentation, exotic
invasive species are considered a relatively minor threat

to moist forest biodiversity as seen in Mexico (Challenger

& Dirzo, 2009; Dirzo & Raven, 2003). Of the 42 exotic
species reported by Rejmanek (1996), most are confined to
pastures, clearings, or other highly disturbed sites (Foster

& Hubbell, 1990; Hammel, 1990). However, there is some
evidence that invasive species are increasing (Aguirre-
Mufoz & Mendoza, 2009; Espinosa & Vibrans, 2009). The
Asian house gecko, Hemidactylus frenatus, has been widely
introduced in Mesoamerica and is replacing the native
leaf-toe gecko, Phyllodactylus tuberculosus, especially
along the forest edge and in disturbed forests (G. Kéhler
unpubl. data). It is known to carry the pentastomid parasite,
Raillietiella frenata, native to Asia, and has been shown to
transfer this parasite to Rhinella marina, a toad native to
Mesoamerica (Kelehear et al., 2015). Several species of
Caribbean frogs of the genus Eleutherodactylus have been
documented as invasive species in Mesoamerican Tropical/
Subtropical Moist Broadleaf Forests (Crawford et al., 2011;
Kohler, 2008).

Caribbean subregion

Status. The tropical moist forest biome is thought originally
to have covered around 81,000 km? in the Caribbean
(Dinerstein et al., 1995). As of European colonial times and
especially before the 1900s (Gould et al., 2012; Lugo et al.,
2012), much forest was cleared for agriculture (Fitzpatrick
& Keegan, 2007). Dinerstein et al. (1995) estimate that
50% of the original wet forest in the Greater Antilles (90%
in Jamaica and Hispaniola) and 25% in the Lesser Antilles
was removed or degraded. Land too steep or distant from
coastal markets was often left untouched and today forms
the core of the remaining biodiversity in Caribbean islands.
Vegetation at higher altitudes on the islands of the Lesser
Antilles was often retained for “attraction of the rains”
(Fitzpatrick & Keegan, 2007; Lugo et al., 2012).

In general, endemism is high for plants and vertebrates

in the Caribbean subregion, as is plant species richness.
The biodiversity data for the subregion (Table 3.4) to

some extent correlates with Caribbean tropical moist forest
extent, given that this biome contains a high proportion of
Caribbean terrestrial biodiversity. In the Lesser Antilles, the
upland moist forests are more species diverse and host the
majority of the endemic plant species due to biogeographic
factors and human deforestation of the lowlands (Adams,

1997). On the other hand, montane moist forests in the
Dominican Republic appear to have lower rates of species
richness and endemism than do dry forests (Cano-Ortiz

et al., 2015). Cuban invertebrates seem to show high
endemism levels similar to those found in vertebrates

(e.g. Alayo, 1974; Alayén Garcia, 1999; Starr, personal
communication). Among those assessed, some 316 species
of plants and vertebrates in the Caribbean are considered
threatened (Anaddn-Irizarry et al., 2012; IUCN, 2017).

In the Caribbean, terrestrial habitats, including productive
areas, are affected by a multitude of invasive alien species
— among them, agricultural pests that were introduced

with crops. Adverse impacts of invasive species are most
severe in the Greater Antilles and Northern Lesser Antilles
on islands that have been isolated for the longest time
periods and have the greatest degree of human degradation
and disturbance (Kairo et al., 2003). However, there is
speculation that some invasive exotic plants may act as
nurse plants for native species and will decline in importance
once native species recover from human disturbance (e.g.
Leucaena in Puerto Rico) (Lugo et al., 2012). There is also
growing acceptance that exotic species have become
important components of many island ecosystems (Lugo et
al., 2012).

Recent trends. Forests at mid- to high altitudes began

to regenerate when agriculture declined after World War

| (Gould et al., 2012; Lugo et al., 2012). In Puerto Rico,
forest cover increased from approximately 5% to over
30% between 1940 and 1990 (Aide et al., 2000). Tropical
moist forest tends to regrow in mountainous areas where
agriculture is more likely to be small scale (Asner et

al., 2009); 2,550 km? of mountain tropical moist forest
regenerated between 1984 and 2002 in the Dominican
Republic (Grau et al., 2008) and 1,036 km? of dry/moist/
wet mountain forest regenerated between 1991 and 2000
in Puerto Rico (Parés-Ramos et al., 2008). The area of
Caribbean forests in general increased by an average of
0.81% between 1990 and 2010 (FAO, 2011), but in Puerto
Rico, the increase has now ceased (Grau et al., 2008).
Loss of native predators and herbivores due to introduced
predators in post- and pre-Columbian times continues
(Kairo et al., 2003).

South American subregion

Status. In South America, this biome is centered on the
Amazonian wet forest, Atlantic coastal forest, and Andean
tropical montane forest. It is also found on the western
side of the northern Andes (at low altitudes) and in lowland
Venezuela, Guyana, Suriname, and French Guiana.
Amazonian wet forest covers 6.7 million km? — half of

the planet’s remaining tropical forests. Around 17% of
Amazonian wet forest has been destroyed (Charity et al.,
2016) (see also Figure 3.16). Andean tropical montane
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Figure '3 @ The Amazon basin showing basin-wide deforestation (including all areas
classified as under human use in both forests and savannah ecosystems), main
waterways and river channel network, protected areas, hydroelectric dams,
areas available to be leased for oil exploration, and proposed areas for future
lease for oil exploration. Source: Castillo et al. (2013).

forest comprises cloud forests (northern Andean forests,
Yungas forests and Bolivia-Tucuman forests) and seasonal
(wet) forest mostly found above 1,500 m.a.s.l. Atlantic
coastal forest once covered around 1.5 million km? but
today is down to ~12% of its original pre-colonial extent
(Ribeiro et al., 2011). Continuous expanses of forest
(measured as the proportion of forest more than 1 km
from the forest edge) have decreased from 90% (historical)
to 75% (today) in Amazonian wet forest and from 90%

to less than 9% in Atlantic coastal forest (Haddad et al.,
2015). The Amazon, long thought to be a pristine forest, is
now recognized as having been subject to long-standing
indigenous management and transformation (Roberts et
al., 2017). At least 138 crops in 44 plant families, mostly
trees or woody species, were cultivated, managed or
promoted in Amazonia upon European contact, although
some were subsequently lost (Clement, 1999). Human use
of biodiversity has been associated with the origin of many
new varieties of manioc in both Amazonian wet forest and
Atlantic coastal forest (Emperaire & Peroni, 2007).

Exceedingly rich (Table 3.4), Amazonian wet forest is
estimated to house one-tenth of all known species of plants
and animals (Charity et al., 2016), although these estimates
require careful verification. Although opinions differ widely
regarding total tree species richness (Table 3.4), it seems
that relatively few species account for the bulk of the
Amazonian wet forest trees (ter Steege et al., 2013, 2016).
Also very rich, Atlantic coastal forest has high endemism
(Kier et al., 2009; Mittermeier et al., 2005; Tabarelli et al.,
2010). For example, 16-60% of birds, mammals, reptiles,
and amphibians in Atlantic coastal forest are endemic
(Mittermeier et al., 2005; Tabarelli et al., 2010). Andean
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tropical montane forest likewise has many range-restricted
species (Fjelds& & Rahbek, 2006), high bird species diversity
(Table 3.4), high species turnover along altitudinal gradients
and high endemism. Epiphytes, which have high water
storage, are especially abundant in Andean tropical montane
forest (Brown, 1990; Kessler, 2001; Kramer et al., 2005;
Kromer et al., 2006; Klper et al., 2004; Roque & Ledn,
2006), as they are in Atlantic coastal forest (2,256 species of
hemi-epiphytes, the equivalent of 15% of all vascular plants
in these forests) (Freitas et al., 2016).

South American tropical and subtropical moist forests
provide important biodiversity-linked NCP. Amazonian wet
forest stores 10% of global carbon and places seven trillion
tons of water per year into the atmosphere, contributing to
the stabilization of local and global climate and nurturing
agriculture (Charity et al., 2016). Although globally less
relevant than Amazonian wet forest, mature Andean tropical
montane forest has higher above-ground biomass than

was originally thought (Spracklen & Righelato, 2014). Slope
stability, critical in Andean countries, is higher in secondary
Andean tropical montane forest than in forest land converted
to pastures (Guns & Vanacker, 2013). Pollination provided
by wild bees and birds, and animal dispersal are additional
biodiversity-linked ecosystem services provided by this
biome (see Box 3.5). Currently, many orchids in Ecuador are
grown commercially (Mites, 2008), and orchid greenhouses
are now a major tourist attraction.

Recent trends. Deforestation rates in the Amazon decreased
during the past decade but increased again as of 2015
(RAISG, 2015). Habitat loss in Atlantic coastal forest remains
high in most regions, attaining annual rates of 0.5% for the
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whole biome (Teixeira et al., 2009, see also Chapter 4).
Between 2000 and 2012, the net loss of Atlantic coastal
forest was proportionally lower than for other tropical
woody biomes (Figure 3.19), but this is considered to be
due mainly to the establishment of exotic tree plantations
(Salazar et al., 2015). Andean tropical montane forest

was lost in all Andean countries between 2005 and 2010:
between 1985 and 2000 Colombia lost close to one million
ha of montane forest (Tejedor Garavito et al., 2012).

Deforestation has impacted tree species in Andean tropical
montane forest, judging by the 235 species classified as
globally threatened according to the International Union
for Conservation of Nature (IUCN) Red List of Categories
and Criteria (Tejedor Garavito et al., 2014). Upon taking
recent deforestation into account, some Andean species
representing different taxonomic groups in the IUCN lists
were judged as requiring updating in terms of extinction risk
(Tracewski et al., 2016), suggesting heightened impacts.
Reductions in habitat and biodiversity in Andean tropical
montane forest are in part due to down-burning fires set
in paramo and puna (e.g. Roman-Cuesta et al., 2011).
Ongoing deforestation is affecting range sizes (Peralvo

et al., 2005; Ocampo-Pefiuela & Pimm, 2015), genetic
connectivity among populations (Klauke et al., 2016) and
stream quality (Ihiguez-Armijos et al., 2014). Moreover,
hydrologic connections between the atmosphere and
surface waters and their downstream effects have been
altered in Andean tropical montane forest - soil moisture
can be significantly lower in pasture compared with forest
(Ataroff & Rada, 2000).

Forest fragmentation has been associated with long-

term losses in species richness and changes in species
composition (Haddad et al., 2015; Metzger, 2009;
Laurance et al., 2017). In Atlantic coastal forest, old-
growth forest patches operate both as irreplaceable
habitats for forest-obligate species and as stable source
areas (Tabarelli et al., 2010). Fragment size distribution,
structural connectivity, matrix quality, remaining forest cover,

presence of old-growth forest patches and/or proportion

of edge-affected habitats have been identified as key
correlates of species richness and abundance in bats,
reptiles, birds, canopy/emergent trees, small mammals,
mammalian carnivores, butterflies, chironomid insects,

and frogs (Tabarelli et al., 2010). Multi-taxa data collected
at regional and local scales in the northern Amazon
demonstrate reduced species richness with increasing
anthropogenic disturbance and considerably more biotic
homogenization in arable croplands and cattle pastures
than in disturbed, regenerating and primary forest (Solar et
al., 2015). Likewise, multi-taxa studies reveal a threshold
forest cover that triggers local extinctions (Joly et al., 2014).
A survey of a wide range of taxa within a large forest mosaic
recorded only about 50% of old-growth forest species
richness within patches of tree plantations (Araucaria, Pinus
and Eucalyptus) (Fonseca et al., 2009). Overall, habitat
degradation has driven a fraction of Atlantic coastal forest’s
unigue biodiversity to near extinction (Joly et al., 2014;
Tabarelli et al., 2010). Nevertheless, landscape dynamics
suggest young secondary forests are beginning to expand
in the Amazon, reducing forest isolation and maintaining

a significant amount of the original biodiversity (Lira et al.,
2012). On the other hand, reduction of traditional practices
in Atlantic coastal forest has led to the local loss of cultivar
varieties (Peroni & Hanazaki., 2002).

Overharvesting in Amazonian wet forest has caused recent
declines in animal populations and basinwide collapse in
aquatic species (Antunes et al., 2016). Likewise, many
species have proven susceptible to road kill, predation or
hunting by humans near roads (Laurance et al., 2009).
Hunting of large mammals that disperse seeds of many
Neotropical trees can lead to important losses in above-
ground biomass (Peres et al., 2016). Defaunation thus has
the potential to erode carbon storage, even when only

a small proportion of large-seeded trees are extirpated
(Bello et al., 2015). The conservation of large frugivorous
vertebrates is therefore important to reduce emissions from
deforestation and forest degradation.

Box 3 @ Nature’s contributions to people (NCP) of the South American Atlantic coastal forest.

Reflecting the very high NCP contribution of tropical and
subtropical moist forest (Figure 3.25), the importance of the
Atlantic coastal forest goes beyond its rich and diverse biota.
First, Atlantic coastal forest provides water for 125 million
people, representing three-quarters of Brazil's population and
for electricity production. Additionally, Atlantic coastal forest
provides food. The fruits of the Myrtaceae species, palms,
legumes, and passion flowers are important components of
the diet of traditional and local people, while other species
provide raw materials such as fibers and oils. Many traditional
populations rely on Atlantic coastal forest vertebrates as a

source of protein. This part of the more inclusive tropical and
subtropical moist forest biome plays an important role in climate
regulation and soil stability. Disrupting this stability signifies
increased landslides and floods, with disastrous consequences
for human populations. In terms of agriculture-related NCP,
Atlantic coastal forest hosts some 60 species of Euglossini
bees, known to be long-distance pollinators. Finally, the cultural
value of Atlantic coastal forest dates back >8,000 years.
Atlantic coastal forest remnants are increasingly important for
recreation in urban areas, where they serve as parks or urban
forests (Joly et al., 2014).
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3.4.1.2 Tropical and subtropical dry
forests

Mesoamerican subregion

Status. Tropical and subtropical dry forests are rich in
biodiversity, particularly insects, as seen for data for mostly
northwestern Costa Rica and Mexico (Table 3.4). The
flora of Mexican lowland dry forests shows outstanding
endemism (25% at the generic level and 40% the species
level) (Challenger & Soberdn, 2008). An estimated 72%

of this biome, found mostly along the Pacific side of the
Mesoamerican subregion, from Panama to western Mexico,
is converted (Portillo-Quintero & Sanchez-Azofeifa, 2010).
Today Tropical and subtropical dry forests are considered
among the most threatened of all terrestrial ecosystems
worldwide (Calvo-Alvarado et al., 2013; Janzen, 1988;
Frankie et al., 2004). Mexico contains the largest remaining
extent in the Mesoamerican subregion (181,461 km?)
(Portillo-Quintero & Sanchez-Azofeifa, 2010).

Tropical and subtropical dry forests have attracted far

less attention than tropical moist forests. Not surprisingly,
comprehensive information on population trends is

less abundant. However, several large mammals have
gone locally extinct, including the greater anteater
(Myrmecophaga tridactyla) from Costa Rica (Janzen,
2002). For the dry forests of Mexico, seven mammals, one
reptile, and seven birds have been reported as extinct:
twelve plant species have been registered as extinct in
states of Mexico dominated by dry forest extinct (Baena

& Halfflter, 2008; Flores-Villela & Gerez, 1994). For the
Chamela-Cuixmala region of Mexico, at least 40 vertebrate
species (fishes not included) are at risk of extinction,
representing about 15% of the regional vertebrate diversity
(Ceballos et al., 1993).

More open Tropical and subtropical dry forests is more
susceptible to invasion than closed moist tropical forest.
Invasive species, especially plants, abound. In Chamela,
Jalisco, Mexico, 20 exotic species from seven families of
plants have been recorded, the grass family (Poaceae) being
amply represented, along with three exotic animal species,
one rodent (Mus musculus) and two birds (Bubulcus ibis
and Passer domesticus) (CONABIO, 2016). For Yucatan
forests, 90 species of plants from 28 families have been
registered as exotic (again, the most species-rich family is
Poaceae, followed by legumes) as well as 18 species of
animals, including three birds, one rodent and five reptiles
(CONABIO, 2016).

Recent trends. Tropical and subtropical dry forests in
Mesoamerica have disappeared rapidly over the past 50
years (Bawa et al., 2004; Janzen, 1988). The deforestation
rate in Mexico was estimated to be 0.5% per year for

the period 1993-2002; by 2002 only 26% of the original
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cover, by the authors’ definition, remained, and only 38%
of that is considered to be old-growth forest (Challenger &
Dirzo, 2009). Most of this deforestation may be attributed
to conversion to pastures and agricultural crops (Masera
et al., 1995). However, a major effort to promote natural
regeneration of Guanacaste dry forest is ongoing (Calvo-
Alvarado et al., 2009) and should serve as a stimulus for
other countries in the Mesoamerican subregion for the
recuperation of this biome. In the 1970s, the scarlet macaw
(Ara macao) still occurred in the Guanacaste Conservation
Area (Janzen, 2002); reintroduction can be expected in the
future as forests regenerate.

The Africanized honeybee (Apis mellifera) arrived in the
Guanacaste Conservation Area in the early 1980s and

now is a low-density member of the local bee fauna
(Janzen, 2002). In the 1990s, wild native bee diversity

and abundance severely declined throughout Guanacaste
Tropical and subtropical dry forests; this is thought to be a
possible consequence of reduced flower abundance due to
the elimination of pastures and forest not counterbalanced
by Tropical and subtropical dry forest restoration (Janzen,
2002). The flammable African pasture grass jaragua
(Hyparrhenia rufa) has now reached high abundance in
Guanacaste, increasing fire frequency with complex impacts
on biodiversity (Bonoff & Janzen, 1980; Janzen, 2002;
Janzen & Hallwachs, 2016).

Caribbean subregion

Status. Some 92% of the areas suitable for Tropical and
subtropical dry forests in the Caribbean are found in Cuba
and the Dominican Republic, a total of 124,488 km?,
which is close to 9% of this biome in Latin America overall
(Portillo-Quintero & Sanchez-Azofeifa, 2010). Around 66%
of Tropical and subtropical dry forests has been converted
to nonforest in the Caribbean (66% in Cuba, 78% in Haiti,
58% in the Dominican Republic, 54% in Jamaica and
64% in the Cayman Islands) (Portillo-Quintero & Sanchez-
Azofeifa, 2010).

In the insular Caribbean, a typical island pattern of
moderate to low species richness (Table 3.4) but high
species endemism is observed in Tropical and subtropical
dry forests (Banda-R et al., 2016). The endemism rate in
this biome’s woody plant species is 77.5% in the insular
Caribbean (Linares-Palomino et al., 2011). Mirroring the
poor conservation state of Caribbean ecosystems, available
data show a large proportion of species in Tropical and
subtropical dry forests to be vulnerable to extinction or
under a greater threat level according to IUCN Red Data List
criteria (IUCN, 2017). Terrestrial and freshwater Tropical and
subtropical dry forests ecosystems include 51 threatened
plant species, 108 threatened reptile species, 16 threatened
amphibian species, 35 threatened birds species and four
threatened mammal species (IUCN, 2017).
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In pre-Columbian times, humans altered habitats using

fire and shifting cultivation — especially in Tropical and
subtropical dry forests where soils are fertile. Humans

also caused the extinction of large mammal species by
overhunting or modifying habitat (Fitzpatrick & Keegan,
2007). In European colonial times large areas of this biome
were cleared for agriculture in the insular Caribbean, and by
the start of the 1900s Tropical and subtropical dry forests
on most islands had been largely cleared or degraded
(Fitzpatrick & Keegan, 2007; Gould et al., 2012; Lugo et
al., 2012).

Recent trends. As mentioned earlier, the Caribbean forest
area (both Tropical and subtropical dry forests and moist
forests) increased by an average of 0.81% between 1990
and 2010 (FAO, 2011) as agriculture declined on most
islands, domestic energy requirements shifted to imported
fossil fuels, living standards increased and population levels
stabilized or declined and people moved to urban centers
from rural areas (Walters & Hansen, 2013). In Puerto Rico,
forest cover increased from approximately 5% to over
30% between 1940 and 1990, particularly Tropical and
subtropical dry forests (Aide et al., 2000; Ramjohn et al.,
2012). However, during the same period urban expansion
and tourism lead to declines in Tropical and subtropical
dry forests in coastal areas (Gould et al., 2012; Lugo et
al., 2012). Notwithstanding, some local declines of the
last kind, Caribbean dry forest seems to be on the way

to recuperation.

South American subregion

Status. The definition of Tropical and subtropical dry forests
in South America lacks consensus (Banda-R et al., 2016;
Portillo-Quintero & Sanchez-Azofeifa, 2010; Salazar, et al.,
2015). Some authors include the Caatinga and Chaco in
tropical and subtropical dry forests while others do not.
This makes assessing this biome difficult in South America.
The biome scheme adopted by the Americas assessment
considers dry Chaco as part of tropical and subtropical
savannas and grasslands (3.4.1.6), while Caatinga is
considered under drylands (3.4.1.8).

Species diversity in South American Tropical and subtropical
dry forests is moderate to high with high species endemism
(Table 3.4) (Banda-R et al., 2016; Linares-Palomino et al.,
2011; Ojeda et al. 20083; Pizano & Garcia, 2014; Sandoval
& Barquez, 2013). According to one source, between 45-
95% of Tropical and subtropical dry forests in the Andean
countries has now been converted (Venezuela, 74%;
Colombia, 67%; Ecuador, 75%; Peru, 95%; Bolivia, 45%)
(Portillo-Quintero & Sanchez-Azofeifa, 2010). The figure for
Bolivia is likely to include some Chaco. However, another
source for Colombia suggests a greater loss at more than
90% (Gomez et al., 2016; Pizano & Garcia, 2014). Some
58 species of amphibians found in Colombian dry forest

have been assessed to be at some level of risk; many
mammals likewise are at risk (Pizano & Garcia, 2014).

Recent trends. Reflecting the poorer state of knowledge

of tropical and subtropical dry forests compared to moist
forests (c.f. 3.4.1.1), little data is available on recent trends in
this biome in South America. The biome in Eastern Andean
Colombia now shows one of the highest fragmentation
levels among all vegetation types (Armenteras et al., 2003).
Deforestation rates have descended notably of late in
Ecuador (Ministerio del Ambiente, 2014; Sierra, 2013).
However, over the period 1990-2008 some 31% of the
remaining 4985 km? of dry and semi-dry coastal forest was
removed (Sierra, 2013). For Venezuela, 88% of 3522 km?
of Maracaibo Tropical and subtropical dry forests was lost
between 1985 and 2010 (Mordn Zambrano et al., 2015).
These data attest to a general tendency for very high
deforestation rates in Tropical and subtropical dry forests in
South America (Armenteras & Rodriguez Eraso, 2014) and
are of great concern given the high NCP contribution of this
biome (Figure 3.25).

3.£.1.3 Temperate and boreal forests
and woodlands

North American subregion

Status. Temperate and boreal forests in North America
cover most of the eastern USA and Canada and the Pacific
Northwest. Boreal forests, which include many coniferous
tree species, occur in colder regions, while deciduous
hardwood forests occur in both cold and warm temperate
regions. Temperate forests occupy ca. 70% of the land
area that was forested at the time of European settlement
(Flather et al., 1999). Large numbers of plant and animal
species depend on these forest habitats. An estimated
90% of the resident or common migrant vertebrate species
in the USA (Flather et al., 1999), and likely in Canada, use
forest habitats. The number of forest-associated species is
highest in the Southeast and in the arid ecoregions of the
Southwest (U.S. Forestry Service, 2015).

Several natural forest types and numerous species have
been greatly reduced by human activities. For example,
longleaf pine, and loblolly and shortleaf pine forests now
cover less than 2% of their presettlement ranges (Noss

et al, 1995). Less than 1% of North American temperate
deciduous forest has not experienced anthropogenic
disturbance (Frelich & Reich, 2009). Temperate deciduous
forests have a smaller fraction of original primary forest
remaining than do boreal or tropical forests, although
most of the original species remain present (Frelich, 1995);
94% of forest-associated vascular plants fully occupy
their former range (Nelson et al., 2016). Logging, grazing,
fire suppression and manipulation of wildlife populations
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have altered forest composition, structure, and landscape.
An estimated 32% of amphibian species and 12-15% of
mammals, birds, reptiles, and fish are possibly extinct or

at risk of extinction in USA forests (Nelson et al., 2016). In
addition, 32-34% of vascular plants and select invertebrates
are possibly extinct or at risk of extinction (Nelson et al.,
2016) (Figure 3.17).

North American forests sequester large amounts of
carbon. In the USA, the highest carbon stock densities
(> 80 Mg/ha) are found in the upper Lake States, Pacific
Northwest, northern New England and coastal areas of
the southeastern USA (Heath et al., 2011). Kurz et al.
(2013) estimated carbon stock densities above 200 Mg/
ha in many managed boreal forests of Canada. However,
these values cannot be directly compared because the
Canadian estimates included carbon in dead wood and
soil. Temperate forests also absorb significant levels of air
pollution, including particulate matter, nitrous oxides, sulfur
dioxide and ozone, providing benefits to human health
(Nowak et al., 2013).

Recent trends. Moderate habitat degradation has occurred
over the past 50 years, although forest cover is stable (Fig.
3.2, 3.2) (Hansen et al., 2013), and some sources report
that the amount of forest cover has slightly increased
(Keenan et al., 2015). Some 92% of the non-federal land
in the USA that was in forest land use in 1982, remained
as forest in 2007. Of the 12.8 million hectares of forest
land that was transformed during this period, most (54%)
was converted to developed lands; 22% went into pasture
or rangeland, 14% changed to cropland or other another
type of rural land, and about 10% went into water areas or
federal ownership (USDA, 2007).

The arrival in recent decades of exotic pests and pathogens
has caused declines in some of the most highly abundant
tree species and genera in North America, including elms
and hemlocks (Orwig et al., 2002) and ash and oaks (Juzwik
et al., 2011). Tree mortality caused by insects and diseases
was reported on nearly 1.82 million hectares in the USA in
2013 (USDA, 2015). Weed et al. (2013) identified 27 insects
(6 non-indigenous) and 22 diseases (9 non-indigenous)
that notably disturb North American forests. In Canada,

the mountain pine beetle has killed trees on 20 million ha

in British Columbia and Alberta. European earthworms,
arriving in plant root balls and introduced for use as fishing
bait, have invaded Canada and many parts of the USA and
have caused population declines in many native understory
herbaceous plant species (Holdsworth et al., 2007;
Wiegmann & Waller, 2006). The worms feed on the upper
layer of the forest soil, where symbiotic fungi occur, causing
fungi as well as the plant species that host them to decline
and leading to changes in soil properties, nutrient cycling
and ecosystem functions (Frelich et al., 2006; Hendrix et al.,
2006; Ewing et al., 2015; Hale et al., 2005; Resner et al.,
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2015). Qil extraction in the tar sands of Alberta has led to
forest losses of 141,000 km? (Johnson & Miyanishi, 2008).

High-latitude forests in North America have warmed
rapidly since the mid-1900s (Chapin et al., 2005; Allen et
al., 2010). From 1902 to 2002 tree ring studies evidence
declining growth, with increasing rates of decline since
1942, particularly in critical boreal conifer species (Lloyd &
Bunn, 2007). The breeding ranges of some mobile species
(e.g. certain bird species), have been expanding northward
in association with climate amelioration (USDA, 2007).
Current research suggests a northward shift of boreal
forests is occurring (yet data is still limited) (Evans & Brown,
2017), with upward altitudinal shifts of tree species in some
locations (Beckage et al., 2008).

In the southwestern part of the biome, over the past 30-
40 years, forests have come under increasing stress as a
result of severe drought. This has seen an increase in tree
death, stronger outbreaks of bark beetle and an increase in
the area affected by wildfire (Williams et al., 2013) (Figure
3.18), illustrating multiple effects and predicting future
changes in forest composition.

South American subregion

Status. South American cool temperate forests are found

in Chile and Argentina. Strongly isolated from the nearest
closed-canopy forests on the eastern side of South America
(Armesto et al., 1998), southern temperate forests are
important for carbon sequestration and storage and play a
pivotal role in water regulation (Armesto, 2009; Peri et al.,
2012). In Chile, where most of southern temperate forest is
found, around 78% of the original forest remains (calculated
from Luebert & Pliscoff, 2006), thanks to large masses of
remote forests in the southern part of the country, much

of which is in protected areas. Several forest-dwelling
mammals, nevertheless, are threatened (e.g. Darwin’s fox:
Pseudalopex fulvipes, huemul: Hippocamelus bisulcus),

but overall southern temperate forest biodiversity in a far
better state than in the Mediterranean-type climate forests
to its north.

Plant species (including trees) richness in southern
temperate forests is low (Table 3.4). Tree species richness
drops off dramatically with latitude, while mean latitudinal
range size increases (Arroyo et al., 1996). However,
interestingly, these forests have higher woody phylogenetic
diversity relative to their species richness than South
American forests from lower latitudes (Rezende, 2017).
Iconic organisms, including the smallest deer and one of
the most long-lived tree species in the world, are important
tourist attractions. Geographic isolation has fostered
outstanding endemism levels across a wide array of taxa
(Arroyo et al., 1996; Stattersfield et al., 1998; Villagran &
Hinojosa, 1997; Vuilleumier, 1985) and include a third of
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Figure 3 @ Trends in the percentage of forest-associated species determined to be possibly
extinct or at risk of extinction. Source: Based on Nelson et al. (2016), using data
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Figure 3 ® Normalized Difference Vegetation Index (NDVI) @, tree mortality @, bark beetle
outbreak ® and area affected by fires @ from 1980-2012 compared with the FDSI
(Forest Drought Stress Index, red, right y-axis) for forests in the southwestern
USA. Source: Williams et al. (2013).
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woody plant genera, two woody families (Arroyo et al., services supplied by southern temperate forests are
1996), and almost all trees (Villagran & Hinojosa, 1997); enhanced by an especially high level of protection in the far
several endemics are shared with Mediterranean forest. southern part of their distribution (Luebert & Pliscoff, 2006).
Comprehensive surveys reveal large numbers of edible,
medicinal, dye, basketry and ornamental plants and edible Recent trends. Substantial habitat loss has occurred in the
fungi in these forests used by indigenous peoples and northern part of South American temperate forests over the

local people (Tacon et al., 2006). The important ecosystem past 40-50 years. The main losses came from deforestation
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for plantation forestry, farming, and raising of livestock. From
the mid to late 90s until around 2013, 138,000 ha of native
forest were lost in southern Chile, principally to plantation
forestry (70%) (Instituto de Asuntos Publicos-Centro de
Andlisis de Politicas Publicas, 2016). From 1985 to 2011

a total gross loss of temperate forest of 30% was reported
for the Coast Range in Chile but the net woody cover loss
was only 5.1% due to other shrubland and agricultural and
pasture land being converted to secondary forest following
natural regeneration (Zamorano-Elgueta et al., 2015).

Twelve introduced mammalian herbivores (including three
species of deer and beaver) are found in the southernmost
forests, leading to altered forest regeneration and increased
exotic plant richness in some forest types (Vazquez, 2002).
Exotic plants are known to generate significant impacts on
biodiversity of understory vascular plants, epigeal beetles
and birds in Nothofagus dombeyi forest by diminishing
species richness, abundance and diversity and generating
maodifications in assemblage composition (Paritsis & Aizen,
2008). The invasive Ulex europeaus has become a serious
threat to Chilean agriculture and plantation forestry in some
parts of the temperate forest zone (Norambuena et al.,
2000). Exotic beavers cut down trees and have altered
water regulation, silting levels and landscape values (see
also chapter 4). Introduced conifers have now began to
seed naturally in steppe vegetation and are associated
with declines in plant species richness and cover (Taylor et
al., 2016).

Fast-growing exotic plantation trees tend to consume more
water than native trees and can be associated with reduced
seasonal water provision (Lara et al., 2009). Nevertheless,
there have been some recent positive signs of native forest
recuperation. Between 1983 to 2007, in a part of the
Araucania in Chile, the dominant land cover transitioned
from agriculture to native vegetation, with largest increases
occurring around residential areas found close to closed
stands of native forest (Petitpas et al., 2016). These positive
changes are attributed to the growth of tourism and a
growing cultural preference for “natural” spaces.

On a longer timescale, in northwestern Patagonia

in Argentina, during the last century, forests (mainly
Nothofagus) expanded to cover almost 50% of the
historically burned land, and more than 60% of the
shrublands (Gowda et al., 2012). The estimated carbon
stock recovery time for severely burned Nothofagus forests
in Patagonia is 150--180 years (Bertolin et al., 2015)
indicating a severe ecosystem service loss due to burning.
However, regrowth is far from homogeneous in time and
space: net forest expansion took place mainly from 1914
to 1973, probably favored by a wetter climatic period, and
has shown a marginal retraction since then. Although forest
gains remained high during the last 30 years, substantial
areas of forests in this area were converted to grasslands

and shrublands as a result of recent fires associated with
extremely dry springs (Gowda et al., 2012). A major drought
in 1998-1999 coincident with a very hot summer led to
extensive dieback in a Nothofagus species (Suarez et al.,
2004). In another dominant Nothofagus species, several
periodic droughts have triggered forest decline as of the
1940s (Rodriguez-Caton et al., 2016).

Over the past 20-30 years, the biodiversity of southern
temperate forests has become widely recognized for its
ecotourism and tourism values. For example, the recent
scientific finding of outstanding bryophyte diversity in the
southern temperate forests, which led to the concepts of
“miniature forests” and “tourism with a hand lens” (Rozzi
et al., 2008) in the Cape Horn Biosphere Reserve on

the southern tip of the continent, has seen a substantial
increases in visitors, favoring local human well-being

in an area where climate precludes agriculture and
plantation forestry.

3.4.1.4 Mediterranean forests,
woodlands and scrub

North American subregion

Status. The Mediterranean climate zone in North America
encompasses the California Floristic Province, including
southwestern Oregon, California west of the Sierra Nevada
and a portion of northwestern Baja California, Mexico
(Baldwin et al., 2012; see Ackerly et al., 2014, for a stricter
definition and mapping of Mediterranean-climate regions
based on current climate). The broader Mediterranean
forests, woodland and scrub area has a very rich and
endemic flora (Table 3.4) (Burge et al., 2016), with many
evolutionary lineages represented ( Baldwin, 2014). High
levels of plant endemism are found in ephemeral vernal
pools (Keeley & Zedler, 1998) and on serpentine soils
(Anacker, 2014). California has more than 300 endangered
and threatened species listed by the USA government,
the largest for any USA state, and more than 100 others
are listed by the state (California Natural Resources
Agency, 2015). Hobbs & Mooney (1998) report 49 extinct
taxa for seven groups of organisms (including some
subspecies) (34 for plants) along with numerous cases of
local population extinctions. According to the most recent
account, 17 taxa (13 species and four subspecific taxa) of
Californian vascular plants are globally extinct (Rejmanek,
2017) with 15 additional species extinct in California but
found elsewhere (together 0.53% of the Californian flora);
extinctions are associated with small range sizes and
lowland habitats.

North American Mediterranean forests, woodland and scrub

houses 991 species of alien plants and 109 species of alien
vertebrates (including 26 mammals) (Zavaleta et al., 2016).
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Some 183 plant species are currently listed as invasive
plants capable of damaging the environment and economy
by the California Department of Food and Agriculture
(California Natural Resources Agency, 2015). Coastal sage
is very heavily invaded (Cleland et al., 2016). Brooms and
gorse invade woodlands and shrublands and can displace
native vegetation when not controlled (California Invasive
Plant Council, 2017).

Forests in the Sierra Nevada play a critical role in water
supply. Most urban and agricultural water originates in these
mountains, and 30% of California’s water is stored for a part
of the year in the snowpack. Healthy forests reduce flood
risks and lead to more predictable water flows.

Recent trends. In the past 50 years, urbanization, exurban
development, and agriculture have caused considerable
conversion of natural habitat (Brown et al., 2005; Wilson

et al., 2016); for example, a fourfold increase in vineyard
acreage between 1976 and 2010 removed much oak
woodland in coastal counties (Davis et al., 2016). Vegetation
fragmentation — possibly exacerbated by changing climate
in some cases — and the secondary effects of urbanization
such as predation by urban cats on birds have reduced
butterfly richness, bird abundances, genetic connectivity
and species diversity in some taxa and produced declines
in plant species richness in different vegetation types
(Benson et al., 2016; Casner et al., 2014; Cooper et al.,
2012; Johnson & Karels, 2016). Nevertheless, urban and
semi-urban areas can house considerable plant diversity
(Schwartz et al., 2006) and support high levels of bee
diversity (Frankie et al., 2009) and thus could turn out to be
very relevant for conservation.

Mediterranean forests, woodland and scrub has
experienced warming (Diffenbaugh et al., 2015). Upward
elevational range shifts, consistent with warming, have

been reported in small mammals (Moritz et al., 2008), birds
(Tingley et al., 2009) and plants (Wolf et al., 2016), as well as
earlier butterfly appearance (Forister & Shapiro, 2003) and
arrival of migratory birds. Downward elevational shifts have
also been reported in birds (Tingley et al., 2009) and plants
(Crimmins et al., 2011). For plants, there is disagreement
both about the trends and inferred link to climate
(Stephenson & Das, 2011). Since the 1920s, tree densities
increased and size class distributions have changed in
forests across California (Dolanc, et al., 2014; Dolanc et

al., 2014; (Mcintyre et al., 2015), in part due to changing

fire regimes (see below). Reductions in the density of large
trees are correlated with increased severity of summer water
deficits (Mclintyre et al., 2015).

California experienced a severe drought from 2012 to 2016,
and even before it ended some calculations estimated that
it exceeded in duration and intensity those observed for at
least a century and possibly more than 1,000 years (Griffin
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& Anchukaitis, 2014). By one estimate, the intensity of the
drought was increased by up to 27% due to increased
temperatures on top of low rainfall (Wiliams et al., 2015).
Widespread tree mortality has been observed, especially

in Sierra Nevada conifer forests, with estimates exceeding
100 million dead trees spread over more than 3 million ha of
forest (US Forest Service, 2016).

Several recent invasions of pathogens and disease

have impacted biodiversity. Virulent pathogens affecting
amphibians have been detected in a high proportion of
wetlands (Hoverman et al., 2012); chytrid fungus has been
attributed to amphibian declines in northern California,
especially in high elevation populations of mountain yellow-
legged frog (Piovia-Scott et al., 2015; Briggs et al., 2005).
Sudden oak death (Phytophthora ramorum) arrived in the
mid-1990s on horticultural trade plants and has caused
extensive oak mortality in moist-climate, coastal woodlands
(Zavaleta et al., 2016).

In Sierra Nevada pine forests, fire suppression led to
marked increases in overall forest density, especially in small
trees (Mclintyre et al., 2015). Dense forests contribute to
catastrophic wildfires that exceed the range of historical
fire variability, such as the 104,000 ha Rim Fire in 2013,
the largest fire on record in the Sierra Nevada (Kane et al.,
2015). At mid- to high elevations, larger areas are being
burned, likely due to past fire suppression, changing fire
management policies, and warmer and drier climatic
conditions. The length of the fire season increased by over
two months from 1970 to 2003, associated with warming
trends (Westerling et al., 2006). More frequent fire has led
to much type conversion of shrubland to grassland (Zedler,
1995; Halsey & Syphard, 2016).

South American subregion

Status. Part of a Biodiversity Hotspot (Myers et al., 2000),
South American Mediterranean forests, woodland and
scrub found in central Chile, under a broad definition, is
characterized by high endemism, richness and phylogenetic
diversity (Arroyo et al., 2002; Rundel et al., 2016; Scherson
etal., 2017) (Table 3.4). Around 50% of Mediterranean
forests, woodland and scrub has been transformed (Luebert
& Pliscoff, 2006) — this percentage is considerably higher
under a narrower definition of the biome (Figure 3.19).
Many native species are threatened (Ministerio del Medio
Ambiente, 2017), although only a small fraction (ca. 3.5%)
of all Chilean species have been analyzed (OECD/ECLAC,
2016). Alien species including close to 600 plant species
(Fuentes et al., 2015; Jiménez et al., 2008), >100 insect
species (Ministerio del Medio Ambiente, 2017), and 30
vertebrate species (Iriarte et al., 2005; Jaksic, 1998) — several
of which are considered harmful by stakeholders (COCEI,
2014) — are abundant in disturbed areas, urban areas, and
semi-natural grasslands (Arroyo et al., 2000; Contreras et
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Figure 3 (® Total change in vegetation type and recent change (2000-2012) in forest cover for
several biomes in South America. Source: Modified from Salazar et al. (2015).
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al., 2011; Estay, 2016; Figueroa et al., 2011; Gartner et al.,
2015; Jaksic, 1998; Martin-Forés et al., 2015). Plant-animal
interactions for pollination and seed dispersal are especially
well developed and critical for vegetation regrowth and
restoration. Other biodiversity-NCP links include the provision
of medicinal plants (Niemeyer, 1995), nectar and pollen
sources for honey making (Bridi & Montenegro, 2017), runoff
control on steep slopes (Pizarro Tapia et al., 2006) and the
aesthetic value of the rural-natural landscape mosaic.

Recent trends. One study suggests Mediterranean forests
have recently increased but this is acknowledged as likely
due to the inclusion of exotic forests (Figure 3.19) (Salazar
et al., 2015). National data for approximately between the
last decade of the past century and the first of this century
for Mediterranean-climate forest (V-VIII Regions) come up
with a net loss of 99,451 ha, mainly distributed among
conversion to exotic plantation forestry (24%), agriculture
(11%), scrub and open vegetation (59%), and urban areas
(2%) (Instituto de Asuntos Publicos-Centro de Andlisis

de Politicas Publicas, 2016). Exotic plantation forestry
accounted for most of the forest loss in the southern part
of the biome. Although some passive renovation has been
occeurring, previously forested areas tend to remain as
scrub (Schulz et al., 2010, see also Hernandez et al., 2016).
Plantation forests have been shown to have a negative effect
on annual stream flow in the biome (Iroumé & Palacios,
2013) and loss and fragmentation of native forests have
negatively affected many plant and animal species (Braun &
Koch, 2016; Bustamante & Castor, 1998; Mufoz-Concha
et al., 2015; Saavedra & Simonetti, 2005; Soto-Azat et al.,
2013; Vergara et al., 2013; Vergara & Simonetti, 2004) and
pollination services to native plants (Valdivia et al., 2006).

Among the new insect invaders (Grez et al., 2010; Ide et
al., 2011; Lanfranco & Dungey, 2001; Montalva et al., 2011)
and introduced fungal diseases (Duran et al., 2008; Slippers
et al., 2009), some are spreading at remarkable rates (e.g.
Schmid-Hempel et al., 2014, Grez et al., 2016). Bombus
terrestris, introduced in the 1990s for crop pollination,
moved rapidly into Argentina and is now displacing native
bumblebees there (Geslin & Morales, 2015). Many native
plant species in Mediterranean forests, woodland and
scrub are visited by B. terrestris (Montalva et al., 2011),

but the impacts of B. terrestris on the wider bee fauna of
central Chile (Table 3.4), likely to assist crop pollination, are
unknown. The escaped introduced frog Xenopus laevis has
now been found to harbor amphibian pathogens, posing a
potential threat to the biome’s highly endemic amphibians
(Soto-Azat et al., 2016) and showing that single invasions
can have secondary effects.

Between 1994 and 2015, fire affected close to 128,000 ha of
closed Mediterranean forest as well as huge areas of exotic
plantation forests (based on Instituto de Asuntos Publicos-
Centro de Anadlisis de Politicas Publicas, 2016). A recent
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megadrought ushered in a notable increase in fire frequency
and extent in Chile (with most fires in the Mediterranean
area) (Figure 3.20), culminating in the massive forest fires
of the austral summer of 2016 which affected 518,000 ha,
including 105,000 ha of native forest and 284,000 ha of
exotic forest plantations (CONAF, 2017), mostly in the
Mediterranean zone. Although there is still some discussion
on the issue, it is generally agreed that unlike North American
Mediterranean forests, woodland and scrub, South American
Mediterranean forests, woodland and scrub was cut off
from natural lightning strike fires as of the Miocene and
consequently is not strongly adapted to fire (Rundel et al.,
2016). Although many native woody species can resprout
after fire, recovery of Mediterranean forest may require
25-30 years and often is never complete (Montenegro et al.,
2003), indicating limited resilience. Fire additionally provokes
the entrance of invasive species (Contreras et al., 2011;
Gomez-Gonzélez et al., 2011; Gomez-Gonzélez & Cavieres,
2009; Pauchard et al., 2008) further altering species
composition and NCP delivery. Warmer and drier conditions
in central Chile also saw a significant decrease in growth
rates of Nothofagus macrocarpa as of the 1980s (Venegas-
Gonzélez et al., 2018).

Urban expansion in central Chile, often recent, has also
contributed to local habitat and species losses (Pauchard
et al., 2006; Pavez et al., 2010; Simonetti & Lazo, 1994).
However, urban spaces clearly can play an important role
in maintaining biodiversity, as seen by the 42 native bee
species in a semi-natural botanical garden in Santiago
(Montalva et al., 2010).

3.£.1.5 Tundra and high mountain
habitats

North American subregion

Status. Species richness beyond latitudinal treeline in

North American arctic tundra is low in relation to its vast
area (Table 3.4), and decreases with increasing latitude
(Meltofte, 2013; Walker, 1995). Endemism is rare because
many tundra-adapted taxa are distributed across both
North American Arctic tundra (including Greenland) and the
Eurasian arctic tundra. For example, 80% of vascular plant
species in the Arctic are common to both regions, so just
1.1% of North American Arctic tundra vascular plant species
are endemic (Callaghan et al., 2004; Elven at al., 2011). The
extent and biodiversity of the North American arctic tundra
remain largely unchanged compared to pre-European
settlement, with localized reductions in extent associated
with natural resource extraction and permanently settled
villages and cities (Raynolds et al., 2014; Young & Chapin IIl,
1995). Non-native species in arctic tundra are uncommon
and usually associated with human activity (Ackerman &
Breen, 2016; Elsner & Jorgenson, 2009; Forbes & Jefferies,
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Figure 3 @ The number of forest fires (grey line) and hectares affected (red line) in Chile

between 1970 and 2016.

Year refers to the austral spring-summer season beginning in the year indicated. Source: Data from
http://www.conaf.cl/incendios-forestales/incendios-forestales-en-chile/estadisticas-historicas/.
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1999). Carbon storage in North American Arctic tundra soils
is high relative to other biomes, due to low rates of organic
matter decomposition. Hugelius et al. (2013) estimate
25-100 kg C/m? across most of North American Arctic
tundra. At local scales, stocks of carbon and soil nutrients
vary widely based on vegetation community type (Shaver
et al., 2014). Across all community types, soil nitrogen is
dominated by non-mineral forms, so primary productivity
in North American Arctic tundra is often limited by rates of
nitrogen mineralization (Chapin & Shaver, 1985; Shaver et
al., 2014; Chapin et al., 1995).

Globally, North American Arctic tundra stores carbon in
soils frozen year-round called permafrost (Michaelson et al.,
1996). Biodiversity alters this ecosystem service through
plant traits (Chapin et al., 2000). For example, plants with
extensive mat growth forms, like Sphagnum spp., insulate
permafrost soils from direct sunlight (O’'Donnell et al., 2009).
Permafrost stores 1,330-1,580 picograms of organic
carbon, nearly half of the global organic carbon pool (Schuur
et al., 2015). Locally, North American Arctic tundra benefits
subsistence hunters, providing game species including
caribou (Rangifer tarandus) and ptarmigan (Lagopus spp.)
(Alaska Department of Fish and Game, 2016).

Western North American alpine ecoregions contain diverse
ecosystems and over 1,400 plant species (Malanson et
al., 2015). Similarity among plant communities throughout
mountain ranges of western North America is driven
primarily by geographic distance, but also by hydroclimatic

variables (Malanson et al., 2015). Endemism is common in
western North America (45% of plant species), while exotic
species are rare (Malanson et al., 2015). Native biodiversity
of the western North America high altitude areas remains
largely intact since European colonization. The eastern
North America alpine ecoregion (Appalachian Mountains)
is understudied and lacks a comprehensive record

of biodiversity.

Recent trends. Species richness has not changed
significantly in North American Arctic tundra. Some

boreal plant species, including trembling aspen (Populus
tremuloides) and white spruce (Picea glauca), have
expanded locally into North American Arctic tundra due

to infrastructure development (Ackerman & Breen, 2016;
Elsner & Jorgenson, 2009). The only reported extinction is
the Eskimo curlew (Numenius borealis), an over-exploited
migratory shorebird (Harris et al., 2012). It is very well
established that woody deciduous shrubs native to North
American Arctic tundra have become increasingly dominant
due to warming (Fraser et al., 2014; Moffat et al., 2016;
Myers-Smith et al., 2011, 2015; Naito & Cairns, 2015;
Pizano et al., 2014; Sturm et al., 2001; Tape et al., 2006;
Tremblay et al., 2012). While the overall area of North
American Arctic tundra has not changed significantly,
habitat has been degraded biome-wide due to high-latitude
concentration of atmospheric pollutants (Hung et al., 2010;
Krachler et al., 2005; Quinn et al., 2007) and regionally due
to road construction (Auerbach et al., 1997; Hinkel et al.,
2017; Raynolds et al., 2014; Walker & Everett, 1987).
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Above-ground standing biomass has increased at low
latitudes in the Arctic (Epstein et al., 2012), and vegetation
cover has increased in mid- to high-latitudes, possibly due
to increased maritime climate moderation linked with sea
ice decline (Bhatt et al., 2010). Despite elevated productivity,
overall carbon storage across North American Arctic tundra
has decreased since 1970 due to warming-induced carbon
losses from soil (Hayes et al., 2014; Hinzman et al., 2005;
Oechel et al., 2000; Schuur et al., 2009). Recent trends

in water balance are uncertain, though there has been a
general acceleration of the hydrologic cycle across North
American Arctic tundra due to changes in precipitation,
evapotranspiration, and drainage conditions (Andresen &
Lougheed, 2015; Bring et al., 2016; Cherry et al., 2014;
Hinzman et al., 2005; Liliedahl et al., 2016; Oechel et al.,
2000; Rawlins et al., 2010; Vihma et al., 2016; Young et

al., 2015).

Greater variability in the timing and magnitude of
precipitation events in North American Arctic tundra has
decreased accessibility and yield for subsistence hunters
(Berkes & Jolly, 2002; Rennert et al., 2009). Further,
atmospheric deposition of pollutants in North American
Arctic tundra has threatened the health of local communities
through the bioaccumulation of toxins in organisms used
for food (Kelly & Gobas, 2001). To improve community
resilience to these changes, Chapin et al., (2006) suggest
diversifying the economies of indigenous communities by
reinvesting tax revenue from natural resource extraction into
local education and infrastructure.

The extent of alpine habitat in western North America has
decreased due to warming-induced treeline advance,
though rates of advance are spatially variable (Elliott, 2011;
Harsch et al., 2009). Some degradation from logging,
pasturing, and recreation is evident, but these disturbances
have been minor compared to in alpine zones on other
continents (Bowman & Seastedt, 2001). Recent changes
include increased shrub cover and diminished species
richness, likely in response to a combination of climatic
change, and high levels of nitrogen deposition from
anthropogenic pollution (Elmendorf et al., 2012; Formica et
al., 2014; Sproull et al., 2015). The most notable change
among alpine fauna populations is the rapid decline of the
American pika, a small alpine mammal experiencing an
upslope range contraction in response to climate warming
(Beever et al., 2011, 2016; Stewart et al., 2015).

South American subregion

Status. South American high elevation habitats occur
principally along the entire length of the Andes (Arroyo &
Cavieres, 2013). These habitats, found under a variety of
climatic conditions, are remarkably rich in plant species
(Table 3.4.) and evolutionary lineages (Sklenér et al., 2011)
and support the richest tropical alpine flora in the world
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(Sklenar et al., 2014). High-elevation habitats support many
species of large mammals (Ojeda et al., 2003), lizards
(Pincheira-Donoso et al., 2015), birds (Arbelaez-Cortés

et al., 2011; Fjeldsa & Rahbek, 2006; Fjeldsa, 2002) and
pollinating insects (Arroyo et al., 1982). Puna lakes supports
58 species of native fishes (Vila et al., 2007), diverse
waterfowl (Cendrero et al., 1993), and rich assemblages

of gastropods (Kroll et al., 2012), while hot springs and
periglacial soils fascinating assemblages of microorganisms
(Costello et al., 2009; Schmidt et al., 2009).

Species-level endemism and turnover in the high tropical
Andes can be very high (Londofo et al., 2014; Sklenér et al.,
2014). Mountain-top vegetation is richer in plant genera and
species in paramo compared to puna (Cuesta et al., 2017)
but the puna and southern Andean steppe house more
endemic genera than paramo (Arroyo & Cavieres, 2013).
Paramo and puna have long been under human influence
(Box 3.6), but more intensely so as of colonial times
(Vasquez, et al., 2015). In the high southern Andes, human
influence has never been very great. Today it is principally
via low-intensity transhumance summer grazing, skiing,

and mining. Some Andean threatened species rely heavily
or partially on paramo, among them the Andean condor
(Vultur gryphus), the mountain tapir (Tapirus pinchaque), the
Andean bear (Tremarctos ornatus), and several deer species
(Pudu mephistophiles, Mazama rufina, M. americana and
Odocoileus virginianus) (Mufoz et al., 2000). In general,
South American high elevation habitats have garnered

few alien plant species (Alexander et al., 2016; Barros

& Pickering, 2014; Luteyn, 1999; Urbina & Benavides,
2015) and these are mostly confined to disturbed areas.

A few serious recent invasions have now been recorded

for paramo, as for example Ulex europaeus in Colombian
paramos (see Table 3.2) and more can be expected in the
future given trends in alteration (Box 3.6).

Paramo and wet puna are notable for rapid water
absorption but slow water release (Buytaert et al., 2005),
which is important for the support of agriculture and the
delivery of water to lowland areas. For example, 60% of
water in Colombia derives from paramo (Cadena-Vargas &
Sarmiento, 2016). Carbon storage is paramo is important
(Forero et al., 2015). In particular, it is very high in paramo
peatlands (Hribljan et al., 2015; 2016). Soils under older
pine plantations in paramo have lower carbon content and
retain less water compared with natural grasslands (Farley
et al., 2004, 2005, 2013) and the loss of water retention
after afforestation may be the dominant factor in carbon loss
(Farley et al., 2004).

Recent trends. Paramo and puna have seen an increasing
trend for afforestation with fast-growing exotic trees and
intensive agriculture. Both afforestation and cultivation have
been found to increase streamflow variability and decrease
catchment regulation capacity and water yield.(Ochoa-
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Box 3 @ The role of paramo and puna for human well-being.

Humans were living at 4,480 m.a.s.l. some 11,500 years ago in
the puna of Peru (Rademaker et al., 2014) and at 3,000-3,600
m.a.s.l some 13,000 calibrated years before the present on the
Chilean altiplano (NUufez et al., 2002). High altitude indigenous
peoples of the paramo and puna have accumulated a wealth
of ILK on high Andean biodiversity, especially useful plants
(Aldunate et al., 1983; Brandt et al., 2013; Califano & Echazu,
2013; Huamantupa et al., 2011; Monigatti et al., 2013; Pauro
et al., 2011; Ramos et al., 2013; Thomas et al., 2008, Villagran
et al., 2003) and have developed resilience to climatic extremes
by managing alternative crop varieties Local inhabitants have
developed their own taxonomic systems reflecting thousands
of years of interchange between different linguistic groups
(Aldunate et al., 1983; Villagran & Castro, 2003). High Andean
bogs in the arid puna are key habitats for native camelids which
sustain the livelihoods of high altitude peoples (Borgnia et al.,

2008; Tirado et al., 2016). The integrity of the paramo and puna
thus is critical to conserving ILK and for the livelihoods of local
inhabitants. Paramo and wet puna play critical roles in supplying
water supply to lowland Andean areas. Water availability is
threatened on two counts. First, severe glacier dieback has
occurred over the past decades (Figure 3.21). Second, paramo
and puna are increasingly being converted to other land use
types involving higher water-demanding trees (c.f., Hofstede

et al., 2002) and crops. Around 16% of Colombian paramos
have been now been transformed (Bello et al., 2014) mainly

due to cropping and pastures. Peruvian Jalca grasslands

were transformed at the rate of 1.5% per year over a 20 year
period starting 1987 due mostly to more intensive agriculture
and afforestation (Tovar et al., 2013). Rapid glaciar melt also
portends landslides on unconsolided deglaciated substrates
following heavy rains.

Figure 3 @ Compilation of mean annual area loss rates for different time periods for
glaciated areas in the northern Andes between Venezuela and Bolivia.

Source: Rabatel et al. (2013).
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Tocachi et al., 2016). Moreover, shifts to agriculture lead
to a loss of microbial functional diversity in paramo, which
is reflected in lower metabolic activity. Fishing, based on
native species, is a longstanding tradition in some large
high Andean lakes. However, the introduction of trout (and
silversides) together with more invasive fishing techniques
has seen a decline in endemic native fish (Vila et al., 2007).
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AVERAGE TROPICAL ANDES

2000 2010

High elevation areas have warmed in the southern (Falvey &
Garreaud, 2009) and northern (Hofstede et al., 2014) Andes.
Whether and the degree to which anthropogenic warming
has affected tree growth and the position of the treeline
along the Andes are still somewhat unclear. Anthropogenic
warming seems to have affected tree growth and increased
recruitment above treeline in some places, but not in others
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(Aravena et al., 2002; Daniels & Veblen, 2004; Fajardo &
Mclntire, 2012; Lutz et al., 2013; Rehm & Feeley, 2013;
Villalba et al., 1997). Some tree species have been moving
upward below treeline (Feeley et al., 2011). Lack of or

very slow upward movement of the treeline might reflect
recruitment difficulties in high altitude grasslands (Rehm &
Feeley, 2013, 2015, 2016) or under reduced precipitation in
some parts of the Andes. Historical comparisons suggest
upward movement in some plant and beetle species in

the northern Andes (Moret et al., 2016; Morueta-Holme

et al., 2015; but see Sklenar, 2016). In the longer term,
contractions of total area occupied can be expected in
high elevation species under warming given that land area
decreases with increasing elevation throughout much

of the Andes. Warmer soil conditions in the paramo are
expected to cause faster organic carbon turnover thereby
decreasing below-ground organic carbon storage (Buytaert
etal., 2011).

3.4.1.6 Tropical savannas and grasslands

South American subregion

Status. In South America, this biome occurs mainly in Brazil,
Paraguay, Argentina, Venezuela, Colombia, and Bolivia. The
largest extents are the Cerrado, originally covering around

2 million km?, and the Dry Chaco, originally over % of a
million square kilometers (Salazar et al., 2015).

Comprising a mosaic of tall savanna woodlands, gallery
forests and treeless grasslands, Cerrado is a recognized
Biodiversity Hotspot (Myers et al., 2000). It is characterized
by high plant and bird species richness and endemism
(Table 3.4). Birds use many habitats, especially forested
areas (Carmignotto et al., 2012), lizards prefer open
interfluvial habitats (Nogueira et al., 2009), while large
mammals use a wide range of habitats (Lyra-Jorge et al.,
2008), including converted land (Carceres et al., 2010). Over
half of Cerrado mammals and birds consume fruits with
about one-third of Cerrado plants depending on birds and
mammials for fruit and seed dispersal (Kuhimann & Ribeiro,
2016). Mammals and birds thus are fundamental for natural
Cerrado regeneration.

Some 52% of all South American Cerrado has been
converted (Salazar et al., 2015) (Figure 3.19). According to
(Beuchle et al., 2015), 47% of Brazilian Cerrado has been
transformed. Remaining Cerrado is highly fragmented with
the landscape dominated by crops and pastures (Carvalho
et al., 2009). Fragmentation reduces species richness and
alters the composition of small mammals land (Caceres

et al.,, 2010), and birds (Marini, 2001). However, large
mammals, which tend to use the entire the landscape,
appear less susceptible (Caceres et al., 2010; Vynne et

al., 2014). Shrubby pastures in Cerrado hold far more bird
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species than cleared ones and obligate natural grassland
bird species do not adapt well to pastures (Tubelis &
Cavalcanti, 2000). Butterfly richness and beta diversity

are lower in disturbed riparian Cerrado forest (Cabette

et al., 2017). Additional threats to Cerrado biodiversity

are fire suppression (Durigan & Ratter, 2016) and woody
encroachment (Stevens et al., 2017). Cerrado is resilient to
fire, expressed in rapid post-fire recuperation and fire aids in
maintaining the mosaic structure of Cerrado. Replacement
of grassy savannas with forests is also considered a threat
(Veldman et al., 2015) because dense tree cover severely
limits the richness and productivity of light-demanding
herbaceous plants while reducing habitat for animals
adapted to open environments. Several African grasses
which were introduced into Brazil for cattle grazing are
now highly invasive in the Cerrado leading to reductions

in native plant species (Almeida-Neto et al., 2010). In the
phosphorus-poor Cerrado, the addition of phosphorus
tends to increase the biomass of alien C4 grasses (Lannes
et al., 2016).

Some 34% of dry Chaco habitat has been converted
(Figure 3.19) (Salazar et al., 2015). The Gran Chaco

has a long history of colonization and land use change,
beginning with subsistence hunting by native people. Over
the past 200 years, dry Chaco has experienced drastic
land use changes as a result of intensive agriculture,
livestock production and logging (Eva et al., 2004; Hoyos
et al., 2013). Moreover, deforestation and the introduction
of domestic cattle have led to the elimination of fire-climax
grasslands and altered forest composition and structure
(Bucher, 1982; Gasparri & Grau, 2009). Chaco conversion
has had negative effects on biodiversity. Aimost 50% of
the largest frugivorous mammals and 80% of the largest
herbivores in the Argentine Chaco are threatened and
exhibit declining populations; this is expected to change
vegetation composition since more than half of Chacoan
woody plant species display endozoochory as their seed
dispersal mechanism (Periago et al., 2015).

Recent trends. The South American tropical and subtropical
savannas and grasslands assessed here are strongly
imperiled. As of around the 1970s, pasture development
for cattle grazing and extensive and mechanized agriculture
intensified, leading to the transformation of Cerrado into a
vast commercial production landscape with concomitant
charcoal production for the steel industry. Brazilian Cerrado
suffered a gross loss of around 266,000 km? of natural
vegetation between 1990 and 2010, but with a significant
amount of regrowth also occurring (Beuchle et al., 2015).
Although the annual net rate of loss (total loss adjusted for
regrowth) slowed in the last decade of the past century,
overall conversion occurred an average annual net rate

of -0.6% between 1990 and 2010 (Beuchle et al., 2015).
Between 2003 and 2013, the northeast agricultural frontier
in Brazil more than doubled from 1.2 to 2.5 million ha, with
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74% of new croplands sourced from intact Cerrado (Spera
et al., 2016). Shifts from Cerrado to cultivation have resulted
in huge soil losses under erosive storms (12.4t/ha/yr for
bare soil compared to 0.1t/ha/yr for Cerrado) (Oliveira et al.,
2015).The Parana river basin suffered a 66% decrease in
forest cover between 1977 and 2008, with a 3.5% annual
rate of forest loss (Bianchi & Haig, 2013). A recent review
(Hunke et al., 2015) concluded that while conversion of
Cerrado did not alter total soil nitrogen, nitrogen enrichment
in agricultural catchments has increased, indicating fertilizer
impacts and potential susceptibility to eutrophication;
moreover, pesticides are consistently found throughout the
entire aquatic system. Part of the loss of woody cover in the
Cerrado is due to charcoal production (Ratter et al., 1997).
For example, 34.5% of around 5.5 milion tons of charcoal
produced in the Brazil in 2005 still came from native Cerrado
species in spite of efforts to transition to planted forests
(Duboc et al., 2007).

Like Cerrado, the Chaco has recently undergone extensive
transformation (c.f., Figure 3.19). Rapid loss of chacoan
dry forest has been documented in Bolivia, Paraguay and
Argentina (Gasparri & Grau, 2009; Grau et al., 2005; Zak et
al., 2004), mostly due to agriculture (mainly, soybean). For
the Cordoba area in Argentina, Zak et al. (2004) estimated
clearing of 1.2 million ha between 1969 and 1999. For North
West Argentina between 1972 and 2007, another 1.4 million
ha were removed (Gasparri & Grau, 2009). According to
Fehlenberg et al. (2017), some 7.8 million ha out of a total of
110 million ha of dry Chaco in all countries was converted
between 2000-2012, (principally to support soybean
production and cattle ranching).

Conversion of vegetation has facilitated the spread of
invasive species, like Pyracantha angustifolia (Rosaceae),
which is now widely spread in the Chaco Serrano of
Argentina (Tecco et al., 2006). According to these authors,
this species can potentially enhance the recruitment of forest
species. However, a considerable number of other exotic
woody species, and especially Ligustrum, are also favored
by the presence of this exotic shrub (Tecco et al., 2006).

3.4.1.7 Temperate grasslands

North American subregion

Status. Grasslands were once widespread in midwestern
North America, occurring in a mosaic of tallgrass prairie

and savanna (Nuzzo, 1986). Prior to European settlement,
the central prairie of North America is thought to have
ranged from southern Alberta, Saskatchewan and Manitoba
south to mid-Texas, and from the foothills of the Rocky
Mountains eastward into Indiana, Kentucky and Ohio and
southwestern Ontario, covering about 2.4 million km?

(The Nature Conservancy, 2009; USDA & USDQI, 2012).

Diverse grasslands are major reservoirs for belowground
carbon storage and prevention of soil loss due to erosion.
Grasslands also serve as buffers increasing ecosystem
nutrient uptake reducing runoff of agricultural waste and
fertilizer into water bodies. Declines have been greatest

in the mixed-and tall-grass prairie, with estimates of less
than 5% (Sampson and Knopf, 1994) to 0.5% (The Nature
Conservancy, 2009; USDA & USDOI, 2012) of the pre-
European settlement tall-grass prairie remaining. Currently,
approximately 50% of the Great Plains - about 148 million
hectares in total - remains in grassland (i.e., not in annual
crops or developed land) (WWF, 2017a).

Grassland vegetation structure is strongly influenced

by fire frequency, driven by topographic barriers to the
spread of fire (rivers, lakes, and bluffs), with oak savannas
and prairies occurring on sites exposed to frequent fire
(Peterson & Reich, 2008). Prior to modern settlement, fires
annually burned large areas of the tallgrass prairie biome of
North America (Gleason, 1913). Most prairie and savanna
ecosystems were plowed under for agricultural uses or
succeeded to forest following reductions in fire frequency.
Prairie and savanna ecosystems are now exceedingly rare
and mostly restricted to sites with infertile sandy soils that
were unattractive for agricultural uses or where succession
to woodland was slow following reductions in fire frequency
(Nuzzo, 1986; Peterson & Reich, 2001; Will-Wolf &
Stearns, 1999).

Fire suppression and agricultural land uses are important
causes of habitat and biodiversity loss. For example, after
conversion of all but 0.1% of tallgrass prairie in the USA
state of lowa, recent surveys found only 55% (491) of

the original plant species formally known to be present
there (Smith, 1998; Wilsey et al., 2005). Fire suppression,
exacerbated by fragmentation has caused a decline in small
seeded and short stature species, as well as legumes, many
of which are fire-dependent or require open areas (Leach &
Givnish, 1996). In experimentally restored prairie/savanna
systems, plant species richness and phylogenetic diversity
are significantly higher in frequently burned grasslands than
in unburned forests on the same soil conditions (Cavender-
Bares & Reich, 2012; Peterson & Reich, 2008). Efforts to
restore biodiversity and ecosystem services often fall short
of the levels observed in remnant grasslands and other
ecosystems (Benayas et al., 2009; Martin et al., 2005).

Bison were formerly dominant herbivores and a keystone
species throughout the Great Plains (Knapp et al., 1999).
During the mid-1800s bison were reduced from tens of
millions to only a few thousand individuals, subsequently
recovering to more than 100,000 individuals. Bison grazing
maintains grassland plant diversity by suppressing dominant
warm-season grasses that would otherwise out-compete
many rare wildflowers (Collins, 1998). Many populations

of other animals dependent on prairie systems, including
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mammals and birds, have declined or are now absent from
large portions of their historical range.

Recent trends. In the Great Plains region, 21.4 million ha
of grassland have been converted to cropland since 2009.
This loss represents aimost 13% of the 170 million ha that
remained intact (i.e., not in annual crops) in 2009. The
average annual rate of loss of grasslands was 2% between
2009 and 2015. In 2016, only 148 million ha of grassland
remained intact in the Great Plains (Northern Great Plains
Program, 2016; WWF, 2016). A report based on data from
the USA and Canadian governments, indicates that more
than 21 million ha of land in the Great Plains have been
converted to cropland since 2009. From 2014 to 2015
alone, approximately 1.5 million ha were lost. Endemic
grassland bird species have shown steeper declines than
any other group of North American bird species (USGS,
2003). Since the 1960s, populations of four key species
have declined by as much as 80% with annual declines as
follows: McCown'’s Longspur (Rhynchophanes mccowni),
6.2% decline per year; the chestnut-collared longspur
(Calcarius ornatus), 4.4% decline per year; lark bunting
(Calamospiza melanocorys) 4.1% decline per year and
Sprague’s pipit (Anthus spragueii), 3.5% decline per year.
The decline of these grassland species has been attributed
directly to the loss of intact grasslands throughout the
Great Plains region (Northern Great Plains Program, 2016;
WWHEF, 2016). Loss of prairie plant diversity (Leach & Givnish,
1996; Wilsey et al., 2005) causes loss at higher trophic
levels, including numerous insects and other organisms
above- and belowground (Knops et al., 1999; Lind et al.,
2015; Scherber et al., 2010; Siemann et al., 1998). Bees,
important for pollination services, have declined; the rusty-
patched Bumble Bee (Bombus affinis) which was declared
an endangered species under the USA Endangered
Species Act in 2017, once extended from the Dakotas
and Nebraska, east across the Midwest and south to the
Carolinas. Its population declined by 87% between 2011
and 2016. Other species that were once common in the
Great Plains such as the western bumble bee (Bombus
occidentalis) and the American bumble bee (Bombus
pensylvanicus) are also declining severely (Northern Great
Plains Program, 2016; WWF, 2016).

South American subregion

Status. This biome, as defined in the assessment, includes
the Rio de la Plata grasslands, Patagonian steppe and semi-
desertic Monte vegetation, and thus includes many different
vegetation types. Here, in our detailed analysis, we focus on
the Rio de la Plata grasslands, found principally in Argentina
and Uruguay and extending into southern Brazil. These
grasslands sustained grazing as of the 1600s. Fully 70%

of the grasslands, formerly occupying an estimated 34 of
million square km, have been replaced (Salazar et al., 2015)
by crops, pastures or afforestations. In Argentina, about
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one in every three plant species growing in natural or semi-
natural pampas is non-native. Although there are still very
few natural parks protecting the Rio de la Plata grasslands,
some recent efforts on grassland conservation have been
notorious (e.g. Sistema Nacional de Areas Protegidas-
Uruguay, Alianza del Pastizal).

Recent trends. Profound changes, affecting key ecosystem
functions and ultimately human well-being, have occurred

in South American temperate grasslands. Livestock grazing
for over 400 years has reduced soil organic carbon stocks
by an estimated 22% (a reduction of 1.5 picograms of
carbon for the whole region) and net primary production by
24% (Pineiro et al., 2006). Cropping reduced soil organic
carbon stocks by 20 to 30% in a few decades (Alvarez,
2001, 2005). Soil nutrients have been also depleted in
croplands (near 30% of soil nitrogen and 80% of sail
phosphorus) and rangelands (19% of soil nitrogen. Nutrient
losses have triggered large increases in fertilizer use with
beneficial effects for food production, but detrimental effects
on air and water pollution (Portela et al., 2006, 2009).

Crop rotation with pasture in the past helped maintain
elevated soil organic matter stocks and replenish nutrient
losses (Morén & Sawchik, 2003). However, crop rotation
was abandoned over the last 15 years due to soybean
expansion (Garcia-Préchac et al., 2004). Nevertheless,
more recently, new regulations for soil conservation have
been successfully established in some countries of the
region (e.g. Uruguay), with elevated adoption by farmers.
Several parts of the region are experiencing decreases

in light interception, and potentially their net primary
production, with cascading effects on trophic networks. For
example, large and consistent negative trends in net primary
production have been observed in some parts of Uruguay
and Argentina, associated with land use and climate change
(Paruelo et al., 2004).

Southern temperate grasslands have been strongly invaded
by plants and animals. The grass, Eragrostis plana was
accidentally introduced into southern Brazil from Africa in
the late 1950s (Guido & Pillar, 2017). Later planted as a
potentially promising forage grass, it has now invaded over
1 million ha of grasslands (Medeiros et al., 2014). Eragrostis
plana turned out to have low digestibility for cattle and
causes economic losses by outcompeting more palatable
native grasses. This is a very good example of how things
can go wrong. Meanwhile, Braquiaria grasses (see also
Urochloa spp.) are becoming adjusted to the local climate
and could become a serious and widespread invasion
problem in the future. The same grasses affect Uruguayan
grasslands (Aber & Ferrari, 2010), so, without action,

these invasions can be expected to expand in the coming
years, encroaching on natural grassland areas. Exotic

trees (e.g. Gleditsia, Thriacanthos pines) are also invading
large areas of the region, altering grasslands physiognomy
and displacing the local flora and fauna. Woody invasive
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species such as brooms (Spartium junceum, Genista
monspessulana and Ulex europaeus), spiny rosaceous
shrubs (Rosa spp. and Rubus spp.) and pines (Pinus
halepensis, P, radiata) fit particularly well in a highly altered
landscape matrix. Net forest cover in temperate grasslands
increased from 2000 to 2012 (Figure 3.19), but this
increase is attributed mainly to exotic tree plantations
(Salazar et al., 2015).

Invasive vertebrates include wild boar (Sus scrofa). This
species threatens key conservation habitats, affects
agriculture and acts as a reservoir for diseases affecting
pig farming, chital (Axis axis), and feral horses. European
carp (Cyprinus carpio) has colonized most freshwater
habitats, while common starlings (Sturnus vulgaris) and
the red-bellied tree squirrel (Callosciurus erythraeus)

are currently undergoing range expansion. Pet trade,
forestry and aquaculture are emerging as new vectors of
species introduction and expansion (see also Chapter 4).
Other invasive animals include European pigeons, deer,
and bullfrogs.

3.4.1.8 Drylands and deserts

North American and Mesoamerican subregions

Drylands are ranked as one of the most important biomes
for the biodiversity of species and endemics both globally
and in the Americas (Goudie & Seely, 2011; Le Saout et al.,
2013; Millennium Ecosystem Assessment, 2005). Much

of the rich biodiversity and endemism (Table 3.4) found in
these regions in the Americas and elsewhere is likely due to
the high climate variability, which can drive speciation. High
levels of endemism occur both at the species (Table 3.4)
and generic levels. For example, 44% of seed plant genera
in Mexican drylands under a broad definition are endemic
(Challenger & Soberdn, 2008). Animal biodiversity in North
American can closely rival that found in tropical regions:
Arizona alone contains 203 snake species (Southwestern
Center for Herpetological Research, n.d.), almost two-
thirds of the number found in the entire Amazon Basin.
Unfortunately, many of these species have small home
ranges, placing them at a high risk of extinction (Pimm et
al., 1988). Biodiversity of lichens and mosses in dryland
biological soil crusts, critical to soil stability and fertility, often
exceeds vascular plants (Belnap et al., 2016).

Current habitat fragmentation, number of globally threatened
animal species, and altered fire cycles in these drylands

are rated moderate to very high (Hoekstra et al., 2010).

In Mexican drylands, fragmentation is greatest in coastal
deserts (Arriaga, 2009). One fragmentation index indicates
that the largest mean parcel size of intact habitat in

North America is only about 4% of the total extent of the
dryland ecoregion (Figure 3.22). Nearly all drylands in

North America and Mexico have been grazed by livestock
relatively heavily at some point since European settlement;
it is thus difficult to know how current ecosystems differ
from those present before then. Estimates of departure

of current vegetation conditions in the dryland biome
relative to undisturbed dryland conditions based on the
vegetation departure index are high in many areas of the
biome, frequently more extreme than in agricultural or urban
environments (Figure 3.22).

Dryland regions contain significant numbers of species that
occupy habitats that have always had a very restricted range
and thus are at high risk to disturbance. Reptile declines
are associated with habitat loss. Individual desert tortoises
occasionally move long distances between populations
(Edwards et al., 2004), but movement is increasingly difficult
for tortoises due to habitat fragmentation. The main cause
of a decline in the bunchgrass lizard (Sceloporus scalaris)

in the Chiricahua Mountains in southeastern Arizona, USA,
has been attributed to the loss of native bunchgrasses

due to cattle grazing (Ballinger & Congdon, 1996). This
lizard requires bunchgrasses for cover and protection from
predators and harsh winter conditions.

Recent trends. Habitat loss between 2000 and 2009 is
estimated at 15-60% in North America (Challenger &
Dirzo, 2009; Hoekstra et al., 2010). Biodiversity, soil health,
and most associated ecosystem functions have declined
over the past 50 years across these regions (e.g. http://
www.biodiversitymapping.org; Goudie & Seely, 2011;

Kéfi et al., 2007; Sarukhan et al., 2015). Biodiversity loss
can be severe, as in the case of the highly specialized
dune sagebrush lizard (Sceloporus arenicolus) of sandy
depressions of dunes semi-stabilized by Shinnery oak
(Quercus havardii) (Ryberg et al., 2014). These dunes are
currently experiencing a large amount of energy exploration
and development, resulting in their mobilization and thus
severe loss of lizards and their habitat. A 13-year study of
the twin-spotted rattlesnake (Crotalus pricei) found that
the age class structure has been skewed toward younger
snakes, probably due to illegal collection of snakes for the
pet trade (Prival & Schroff, 2012). Unique ecosystems like
the Cuatro Ciénegas Basin in Coahuila, Mexico (Box 3.7)
have experienced recent losses of microbial biodiversity
found nowhere else on Earth.

Loss of sagebrush habitat in the western USA has also
impacted biodiversity, including the sage-grouse. This bird
was once widespread and common, inhabiting, at the time
of European settlement, what was a relatively uninterrupted
vast (~46,521 km?) sea of sagebrush (Artemisia tridentata
tridentata) (http://sagemap.wr.usgs.gov). Due to agricultural
cropping, fire, grazing, and energy extraction, this bird now
occupies about 1/10 of its original range (~4,787 km?) and
is believed to be in peril of extinction. Rehabilitation of the
sagebrush habitat has proven very difficult especially with
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Figure 3 € Percentage of departure between current vegetation conditions and reference
vegetation conditions of dryland desert and xeric shrublands (aridity index < 0.05
extracted from 30 arc second (~1 km?) resolution) and based on the VDEP index of
the USA Forest Service and USA Geological Survey.

Higher values indicate a greater departure from potential, or undisturbed vegetation. Agricultural and urban areas
are grouped on the right for comparison. Source: Original data from The Nature Conservancy (2009) and The

Nature Conservancy Terrestrial Ecosystems.
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Box 3 @ The Cuatro Ciénegas Basin in Coahuila, Mexico.

This ultra-low nutrient oasis in the Chihuahuan desert is
extremely diverse, hosting at least 99 micro-endemic species
and an equally wide array of microbial mats and stromatolites
with ancestral marine lineages (CONABIO database, n.d.). The
water’s extremely low phosphorus content is characteristic of
ancient ocean chemistry, earning it the nickname “Precambrian
Park” (Redfield, 1934; Souza et al., 2012). It exceeds diversity
of other aquatic pools within desert systems globally by several
orders of magnitude in the case of microbes and manyfold

for other groups, such as spiders. Viral diversity is higher

here than any other site in the world, reflecting the diversity

of their bacterial and eukaryotic prey. The level of macrofauna
endemism is equal to that of the Galapagos and is higher

than anywhere in North or Mesoamerica (Stein et al., 2000).

the invasion of exotic annual Mediterranean grass Bromus
(Germino et al., 2016) which accelerates fire cycles, leading

Many species are new to science and still in the process of
being described. The unusual geological history of this area
explains its biodiversity: a large portion of the ancient Tethys
Sea became entrapped by the regional uplift of the Sierra
Madre Oriental and Occidental, isolating ancient seawater
communities and leaving them to evolve independently
(Ferrusquia-Villafranca et al., 2005; Souza et al., 2006, 2008,
2012). Due to intensive agriculture, 90% of Churince, the most
widely studied part of the basin, has disappeared since 2006,
with most of the loss occurring in 2017; the remaining 10%

is unique since most of the species are microendemic to the
basin and their unique site. The whole Cuatro Ciénegas Basin
is threatened by the intensified use of the deep aquifer for
agriculture, causing water to be drained at a very rapid pace.

and animal communities (Brooks, 2009). Fire frequency
and area burned increased in the Californian portions of

to further loss of sagebrush on a large scale (Germino et the Mojave and Sonoran deserts between 1970 and 2010
al., 2016). (Figure 3.23). Exotic grasses, which burn easier than other
vegetation types, were an important explanatory variable for
Exotic plants have increased in North American drylands large fires in the Mojave, but the amount of native perennial
due to several causes, but especially increased fire and soil vegetation was more important in the Sonora (Syphard et

surface disturbances; this invasion negatively impacts plant al., 2017).
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Figure 3 @ Recent trends in fire frequency and area burned in the Mojave (upper)
and Sonoran (lower) deserts based on data for southern California.

Left: all fires; middle: large fires. Source: Modified from Syphard et al. (2017).
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In the Sonoran desert, biological soil crusts have shown a
dramatic decline in cover over the past 50 years, as they are
highly vulnerable to fire and the disturbance of soil surfaces
(Belnap & Eldridge, 2003). The loss of native plants, animals,
and biological soil crusts has led to increased soil erosion
via wind and water erosion; decreased soil albedo over large
regions; and had a strong negative impact on water, carbon,
and nutrient cycles (Ahlstrém et al., 2015; Fields et al., 2009;
Hoekstra et al., 2010; Painter et al., 2010; Neff et al., 2005).

South American subregion

Status. Notwithstanding increasing intensive agriculture

and urban encroachment, large parts of the Atacama

and Sechura deserts in western South America remain
fairly intact (Luebert & Pliscoff, 2006). The western

deserts, although in large part seemingly barren, are an
area of unexpected richness, especially in plants and
microorganisms. Plant species-richness and endemism are
especially high in the narrow coastal loma vegetation band
(Dillon et al., 2011; Rundel et al., 1991; Squeo et al., 1998)
(Table 3.4). Cactaceae are important and highly threatened
(Goettsch et al., 2015; Guerrero et al., 2011; Larridon et

al., 2014; Ortega-Baes & Godinez-Alvarez, 2006). Saline
lakes and barren areas of the Atacama contain fascinating
assemblages of Archaea, bacteria, and cyanobacteria
(Crits-Christoph et al., 2016; Fernandez et al., 2016; Lester
et al., 2007; Navarro-Gonzalez et al., 2003; Wierzchos et al.,
2006). Western deserts are subject to flash floods, and thus

vegetation integrity plays a critical role in containing water
erosion. Western coastal desert loma vegetation in particular,
is highly susceptible to invasion when disturbed (Aponte &
Cano, 2013). While some areas of the western deserts are
under threat, a growing appreciation of the rich so-called
“flowering desert” in Chile as a tourist resource has greatly
heightened public awareness of the value of biodiversity.

Caatinga vegetation in eastern Brazil, part of this biome,

is also rich (Table 3.4). Caatinga is poorly known in
comparison to Brazilian Cerrado and tropical rainforest. The
caatinga woody matrix is estimated to comprise around
63% of the original cover (Beuchle et al., 2015, but see
Schulz et al., 2017) and thus is better conserved than
Cerrado. Ten mammals are strictly endemic to caatinga and
11 more are endemic to the caatinga and Cerrado (Gutiérrez
& Marinho-Filho, 2017). While most alien plant species in
western drylands were accidentally introduced, the Caatinga
is home to many intentionally introduced tropical forage
grass species (Almeida et al., 2015).

Recent trends. Urban encroachment into the western loma
vegetation has affected a highly endemic, range-restricted
rodent to the point of likely global extinction of (Mena et al.,
2007) warning that other local endemics in loma could be

at risk with coastal development. A recent wave of private
coastal development in Chile has greatly reduced the habitat
of a globally threatened plant species (Garcia-Guzman et al.,
2012) and other species are likely affected. The production
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and the illegal extraction of Cactaceae continues (Estevez

et al.,, 2010; Larridon et al., 2015). Extensive vegetation
dieback, accompanied by declining guanaco populations,
has been reported repeatedly over the last 20 years in the
arid-most part of the western coastal desert (Schulz et al.,
2011 and references therein). This trend coincides with

a tendency for reduced precipitation, extended drought
periods and reduced coastal cloud, notwithstanding

typical El Nifio variation. On the transition to Mediterranean
shrublands, continuous monitoring has revealed El Nifio
Southern Oscillation-related fluctuations in the abundances
in small mammals (Armas et al., 2016; Meserve et al., 2011)
and alien plant species, but with significant recovery of
native plants in wetter years (Jiménez et al. 2011), indicating
high resilience at least in less arid areas. A noticeable shift

in small mammals followed the last major El Nifio Southern
Oscillation event in 2000-2002 with their numbers becoming
less fluctuating. This appears to have been caused by a shift
in rainfall periodicity from strong interannual fluctuations, to a
more equitable pattern with more consistent annual rainfall.
These trends may be indicative of ongoing climate change in
the Chilean semiarid region (Armas et al., 2016).

Biome-scale studies agree that the Caatinga has seen
recent large-scale vegetation turnover and cover changes.
However, both increases and decreases in woodland and
woody vegetation have been reported. While studies based
on Moderate Resolution Imaging Spectroradiometer data
tend to find a net gain of woody vegetation, those based on
Landsat data find a net decrease (discussed in Schulz et al.,
2017). The impacts on caatinga species and populations of
this highly dynamic scenario, to which a fertilization effect

of carbon dioxide might be relevant (Donohue et al., 2013),
are largely unknown. In addition to many introduced forage
grasses, a serious ongoing invasion in caatinga concerns
Prosopis juliflora which forms monospecific stands that
outcompete native woody species and now covers over one
million hectares (Gongalves et al., 2015). As in the western
deserts, selective biomass removal for fuel continues in the
Caatinga, even though many households now possess gas
stoves (Cavalcanti et al., 2015; Ramos & Albuguerque, 2012).

3.4.1.9 Wetlands: peatlands, mires, bogs

North American subregion

Status. North America houses approximately 240 millions of
hectares of wetlands comprising 12.6% of the total land area.
Some of the largest North American wetland landscapes are
the peatlands of the Hudson Bay Lowlands, the peatlands

of the Mackenzie River Watershed (Vitt, 2016), the Prairie
Pothole region of the glaciated midcontinent of Canada and
the USA, covering 7.7 million ha, and The Everglades and
Great Cypress Swamp, covering 1 million hectares located
on the southern part of the Florida peninsula. The boreal
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peatlands of Canada (110 million hecares), store an estimated
one-third of the world’s global carbon and 10% of the world’s
sail nitrogen (Vitt, 2016). The cold anaerobic conditions of
boreal peatlands favor the accretion of undecomposed
mosses, sedges, and other plants, together, resulting in deep
organic deposits of 2m or more. Canadian peatlands support
exceptional bryophyte diversity, with a recorded 294 species
of mosses and related species (about one-third of the world’s
moss species) (Junk et al., 2006). The Prairie Potholes and
the Everglades have outstanding biodiversity (Table 3.4).
The Prairie Potholes provide critical breeding and migratory
habitat for North America’s waterfowl. The Everglades serve
as a wintering area for 249 migratory bird species, as well as
100 resident species and critical habitat for species of global
conservation concern.

From the 1800s to the 1980s Canada sustained losses

of about 20 million hectares of wetland habitat. The
conterminous USA sustained wetland losses of 53%

(117 million hectares) from the 1780s to 1980s; Alaska lost
less than 1% (Dahl, 1990). Despite these losses and much
regional variation, wetlands still cover 12% of North America
(240 million ha) (Dahl, 1990, 2011; Federal Provincial and
Territorial Governments of Canada, 2010).

Recent trends. Losses to drainage for agriculture over

the past 40-60 years has been the most important cause
of wetland loss; conversion for development has also

been locally significant near urban centers. An estimated
350,000 ha of wetland habitat in Canada was lost over the
past 40-60 years, to drainage for agriculture in the prairie
pothole region (Government of Canada, 2009). Wetland
losses in Greenland are presumed to have been negligible.
Compared to historic rates of wetland conversion, loss rates
in both the USA and Canada have likely been lower in recent
years because federal policies create disincentives for filling
and draining wetlands (i.e., US Clean Water Act of 1972),
Canada'’s Federal Policy on Wetland Conservation of 1991
(Government of Canada, 1991). Unfortunately, policies that
allow compensatory restoration to offset conversions have
not been effective at preventing losses of forested wetlands,
which are costly and difficult to restore (Dahl, 2011).

Many North American wetlands have undergone extensive
eutrophication. The associated changes of eutrophication
include changes in the composition of aquatic life and
recreational uses, in the effectiveness of wetlands as
effective filters that protect downstream and groundwater
resources, and in accumulation rates of bulk sediments
(Brenner et al., 2001).

Wetland alteration has favored the expansion of invasive
species and displacement of native species. Some serious
wetland invaders in North America include common reed
(Phragmites australis) in freshwater and brackish wetlands,
cordgrass (Spartina alterniflora) in West Coast salt marshes
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and hybrid cattail (Typha x glauca), reed canary grass
(Phalaris arundinacea) and purple loosestrife (Lythrum
salicaria) in freshwater marshes. These invaders diminish
wetland services in many ways including lost critical habitat
for endangered species (e.g. Phragmites, central Platte
River) and reduced wetland bird nesting (Typha, Great
Lakes). Although a lot of attention and much funding have
been devoted to managing and controlling these species,
their spread is generally irreversible. Proximity to urban
areas, as in the Everglades, has been associated with the
escape and establishment of a large number of ornamental
plants and pet animal species, including 221 plants, 32 fish,
30 amphibians and reptiles, and 10 mammals in the
Everglades (Brown et al., 2006).

Many wetlands in urban areas that have been modified by
filling or dredging experience high pulses of stormwater from
watersheds with diminished infiltration, and receive toxins
from transportation (e.g. chloride from road de-icing salts)
and industrial run-off (Brinson & Malvarez, 2002; Sanzo &
Hecnar, 2006; Federal Provincial Territorial Governments

of Canada, 2010). Simultaneously the combination of
alterations from urban development and agriculture has
caused radical changes to the water quality and water flow
in places like the Everglades.

Mesoamerican subregion

Status. The Mesoamerican subregion possesses an
outstandingly diverse contingent of large tropical wetland
areas with abundant bird, fish and large mammals (Table
3.4), among them the Centla Swamplands Biosphere
Reserve south of the Gulf of Mexico, the Los Guatusos
wetland area on the southern coast of Lake Nicaragua,
and Palo Verde National Park and the Northeast Caribbean
Wetland (Tortuguero) in Costa Rica (Hernandez, 1999),

all together summing to 141,470 km?. The Centla
Swamplands, located at sea level, constitute one of

the world’s largest swamp areas. They are the home of
gallery vegetation, mangroves, aguatic plants, manatees,
jaguars, crocodiles, turtles and many fishes and birds.

The Guatusos Wildlife Refuge, with many fish species, is
inhabited by indigenous and mestizo peoples. Like wetlands
in general, it is a very important area for migratory birds,

in the dry season in Nicaragua. Palo Verde National Park
includes deltas, estuaries, flood plains, swamp forests

and seasonally flooded grasslands. Counts of more than
50,000 waterfowl have been made in the wetlands of Palo
Verde National Park, including the endangered Jabiru stork
(Jabiru mycteria) (Daniels & Cumming, 2008). Tortuguero is
dominated by herbaceous swamps and wooded palm-
dominated floodplains that run parallel to the coast. It

is an important site for nesting green turtles and several
threatened species. In general paim-dominated wetlands in
Costa Rica and Nicaragua constitute 16-22% of all wetlands
(Serrano-Sandi et al., 2013); this type of wetland tends to

be relatively poor in birds (Beneyto et al., 2013) as well as
reptiles and amphibians (Bonilla-Murillo et al., 2013). An
estimated 35% of Mexican wetlands have been transformed
or suffered some level of deterioration (Hernandez, 1999).

Recent trends. Contamination from heavy metals has been
reported in the Centla swamplands (Pérez-Cruz et al., 2013),
while pesticides related to agriculture have been reported

in the Palo Verde Wetlands (Mena-Torres et al., 2014).
Tabasco, where the Centla wetlands are located, is an area
where petroleum extraction is currently occurring and is a
threat to the reserve. The effect of these contaminants on
aquatic biodiversity, however, is still unclear as baseline
studies are only beginning. At the same time, the probability
of wetland conversion increases as areas of wetlands are
found closer to already converted land (Daniels & Cumming,
2008). Nevertheless, Landsat maps of Normalized Difference
Vegetation Index suggest that the Palo Verde wetland has
witnessed an overall increase in vegetation greenness and
cover since 1986, matching the abandonment of cattle
ranching and the known degradation of the wetland by
cattail invasion (Alonso et al., 2016). This study shows that
large degraded tropical Mesoamerican wetlands have the
capacity to recuperate when external pressures are removed.
The Tortuguero wetland is threatened by subsistence,

sports fishing, poaching, the illegal collection of turtle eggs
(Hernandez, 1999) and pesticides from banana plantations
and packing plants (Castillo et al., 2000). All these changes
impact on human well-being. For example, total shrimp
catch in El Salvador and Panamanian wetlands has dropped
by 50% in the past decade or so (Hernandez, 1999).

South American subregion

Status. South American wetlands are hugely diverse,
spread over the entire continent, and found from sea level
to above 5000 m altitude. The three largest wetland areas
(Amazon river basin, Pantanal, Magellanic peatlands) in
accordance with their sizes (Keddy et al., 2009), comprise
around 11% of South America. Other large wetlands are
the Orinoco delta with large peatlands and the internal
Venezuelan and Colombian deltas, which are pantanal-like
areas. Total wetland extent is difficult to pin down, given lack
of consensus over what constitutes a wetland and the fact
that some wetlands tend to be overlooked. A case in point
are the Veredas of Brazil, spread over the entire savanna
biome and perhaps comprising as much 5% of that biome.
Many wetland types are rich in bird species (Caziani et

al., 2001; Derlindati et al., 2014; Mascitti & Bonaventura,
2002; Telleria et al., 2006) (Table 3.4) and have important
aesthetic value. Amazonian flooded forested wetlands

and the Pantanal are especially rich in plants, birds, fishes,
reptiles, and amphibians (Table 3.4). Some wetlands

are rich in planktonic assemblages (Kuppers et al., 2016;
Munoz-Pedreros et al., 2015). In general, South American
wetlands play a vital role in water regulation for surrounding
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forests and agricultural lands. For example, certain types of
subantarctic peat bogs and mires, given the high water-
holding capacity of Sphagnum species and of accumulated
peat, discharge water slowly and have an important
buffering effect on surrounding forest ecosystems (lturraspe,
2010). Southern South American peatlands, including
Amazonian and (and probably Orinocan peatlands), are
important carbon sinks (L&hteenoja et al., 2009; Loisel & Yu,
2013). In contrast, tropical floodplain lake ecosystems with
a large amount of organic matter are considered important
sources of carbon from the water to the atmosphere
(carbon dioxide evasion) (Raymond et al., 2013), although
abundant macrophytes can counteract this effect locally
(Peixoto et al., 2016), indicating an important biodiversity
link. High Andean bogs in the arid puna are important for the
grazing of native camelid and other domestic animals which
sustains the livelihoods of high altitude peoples (Borgnia et
al., 2008; Tirado et al., 2016) (see also Box 3.6).

Recent trends. Many South American wetlands have been
severely degraded over the past 30-40 years. High Andean
bogs and associated salt lakes in arid areas of the Andes are
now used extensively as a water source for mining (Aitken

et al., 2016), although this source is now being replaced

by imported seawater from adjacent coastal areas in some
cases. Roads built over these fragile ecosystems are an
additional problem (Salvador et al., 2014). Water levels in the
bog complex in the arid Andes are critical for bird species
maintenance (Tellerfa et al., 2006). Water withdrawal also
alters a key habitat for grazing animals. In the vast Pantanal,
largely as a result of large-scale cattle ranching and cropping,
between 1976 and 2008 loss of floodplain vegetation

increased over 20-fold (Silva et al., 2011) with some 12%
lost. Loss of pantanal has lead to negative consequences for
large animal species (Keuroghlian et al., 2015). Nevertheless,
absolute loss of pantanal is much lower than for Cerrado.

In the lower Parana delta in Argentina, between 1999 and
2013 one-third of the freshwater marshes (163,000 ha) were
replaced by cattle pastures (70%) and forestry (18%) (Sica
et al., 2016) over a period of no more than 14 years. As of
the 1970s, intensive commercial fisheries developed across
the Amazon and the lower Parané delta. Overexploitation of
frugivorous fish species has depressed the quantity, quality,
and diversity of seeds dispersed by fishes which could lead
to overall reduced plant diversity in these habitats (Correa

et al., 2015). Long-term studies (1969-1987) in the extra-
tropical Mar Chiquita in Argentina reveal that flamenco
breeding is very susceptible to lake water levels, especially
excessive flooding (Bucher et al., 2000), making this kind

of wetland vulnerable to surrounding land use changes
affecting upstream flow. While commercial peat extraction is
still limited in Magellanic peat bogs, abandoned peatlands
show a significant invasive plant species component
(Dominguez et al., 2012). The integrity of southern peat bogs
is further threatened by introduced beaver, which increased
in number from 54,000 to 110,000 between 1999 and 2015
(Instituto de Asuntos Publicos-Centro de Analisis de Politicas
Publicas, 2016).

3.41.10 Summary biodiversity data for
terrestrial biomes and overall trends
for terrestrial biomes and other units of
analysis

Table 3 @ lllustrative biodiversity data for principal terrestrial biomes in subregions of the
Americas. The first number in parentheses gives richness; % value is endemism level

where available.

NORTH AMERICAN SUBREGION

Temperate and boreal forests and woodlands

USA forests: plants (9,195), mammals (234), birds (452), reptiles (218), amphibians (201), freshwater fishes (60), invertebrates (739), trees

(~1,000) (U.S. Forestry Service, 2015).

Mediterranean forests, woodlands and scrub

California Floristic Province: plants (5,006; 37%) (Burge et al., 2016); California: mammals (201), birds (653; 1%), reptiles (101;15%),
amphibians (70; 46%) (Zavaleta et al., 2016), bees (1,600) (Frankie et al., 2014).

Tundra and high mountain habitats

North American tundra: vascular plants (1,486) (Elven et al., 2011), mammals (41), birds (152), amphibians (1), insects (1,567), spiders (200),
springtails (174), mites (368), white worms (73) (Meltofte, 2013); Western North American alpine: plants (> 1,400) (Malanson et al., 2015).

Temperate grasslands

Midwestern grasslands: plants (897) (Wilsey et al., 2005).
Drylands and deserts

Mojave Desert of southern California: plants (5,000) (USDA n.d).

Wetlands, peatlands and mires

Canadian peatlands: mosses and related species (294) (Junk et al., 2006); Everglades: plants (1,033), birds (349, 249 migratory), fishes (432),
reptiles (60), mammals (76), amphibians (38) (Brown et al., 2006), macroinvertebrates: 290--400 (Trexler & Loftus, 2016).
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MESOAMERICAN SUBREGION

Tropical and subtropical moist forests

Mexico lowland tropical broadleaf forest: seed plants (~5,000) (Challenger & Soberén, 2008); Mexican montane mesophyll forest: seed plants
(~3000) (Challenger & Soberén, 2008); Mexican coniferous forest: pines (54), oaks (160) (CONABIO, 2014); Eastern Panama broadleaf forest:
mammals (~165) (Voss & Emmons, 1996); Southern Mexico: mammals (~125) (Voss & Emmons, 1996).

Tropical and subtropical dry forests

Costa Rica: plants (~4,500), vertebrates (~1,100), arthropods (~150,000), fungi (~20,000) (Janzen, 1987; Janzen & Hallwachs, 2016); Mexico:
seed plants (~6,000; 40%) (Challenger & Soberdn, 2008), trees (1,072) (Banda-R et al., 2016); Central America (northern South America
included): trees (808) (Banda-R et al., 2016).

Drylands and deserts

Mexico: seed plants (~6,000) (Challenger and Soberén 2008), endemic plants (3,600) (Arredondo Moreno & Huber-Sannwald, 2011), cacti (550
spp.; 78%) (Goettsch & Hernandez, 2006).

Wetlands - peatlands, mires, bogs

Mexico, Centla Swampland: birds (213) (Santiago-Alarcon et al., 2011), fishes (44) (Macossay-Cortez et al., 2011); Nicaragua, Guatusos
Wildlife Refuge: mammals (32), birds (>300), reptiles (10) (Hernandez, 1999).

CARIBBEAN SUBREGION

Tropical and subtropical moist forests

Caribbean Islands (all terrestrial ecosystems): plants (11,000; 72%), mammals (69-; 74%), birds (564; 26%), reptiles (520; 95%), amphibians
(189; 100%), freshwater fishes (167; 39%) (Wege et al., 2010).

Tropical and subtropical dry forests

Woody plants (611) (Banda-R et al., 2016).

SOUTH AMERICAN SUBREGION

Tropical and subtropical moist forests

Amazonia: plant species (14,003), trees (6,727) (Cardoso et al., 2017), trees (11,676) (ter Steege et al., 2016), birds (1,300) (Marini & Garcia,
2005), reptiles (378), amphibians (428), fishes (>3,000) (Charity et al., 2016); Amazonian lowland forest: mammals (434) (Mares, 1992); Atlantic
Coastal forest: plants (~20,000), mammals (263), reptiles (306), amphibians (475) (Mittermeier et al., 2005), birds (1,020) (Marini & Garcia, 2005);
Andean Montane forest: trees (3,750) (Tejedor Garavito et al., 2015), birds (many of a total of 1,160 species in all neotropical wet montane
forests) (Stotz et al., 1996), mammals (332) (Mares, 1992); Las Yungas, Bolivia: plants (6,073) (Jergensen et al., 2015).

Tropical and subtropical dry forests

Northern South America and Central America: tree species (808) (Banda-R et al., 2016); Northern interandean Valleys: trees (418) (Banda-R et
al., 2016); Colombian dry forest: plants (2,569), birds (230), mammals (60) (Gémez et al., 2016).

Temperate and boreal forests and woodlands

Temperate rainforests: plants (443-500) ( Arroyo et al., 1996; Villagran & Hinojosa, 1997), mammals (58), birds (60) (Armesto et al., 1996);
Magellanic rainforest-tundra zone: bryophytes (450), liverworts (368) (Rozzi et al., 2008); Tierra del Fuego and Patagonia: myxomycetes (67)
(Wrigley et al., 2010).

Mediterranean forests, woodlands and scrub

Central Chile: vascular plants (2,900; 30%) (Arroyo et al., 2002), mammals (37), birds (200), reptiles (38), amphibians (12) (Simonetti, 1999),
bees (~300) (Montalva & Ruz, 2010).

Tundra and high mountain habitats

Whole biome: plants (6,700) (Arroyo & Cavieres, 2013); Paramo: vascular plants (3,600) (Sklen&X et al., 2005), non-vascular plants (1,300)
(Luteyn, 1999); Puna freshwater and salt lakes: fishes (60) (Vila et al., 2007).

Tropical and subtropical savannas and grasslands

Brazilian Cerrado: plants (13,137), birds (837) (Overbeck et al., 2015), mammals (251) (Paglia et al., 2012), trees (2,916) (“Tree flora of the
Neotropical Region,” n.d.).

Temperate grasslands
Rio de la Plata grasslands: grass species (550) (Bilenca & Mifiarro, 2004).
Drylands and deserts

Chilean winter rainfall deserts (broadly): plants (1,893) (Arroyo & Cavieres, 1997); Pacific Coastal Lomas: plants (1,200) (Dillon et al., 2011);
Caatinga: plants (2,400-4,230) (Moro et al., 2014), fishes (185), lizards (44), amphibians (8), snakes (47), turtles (4), crocodilians (3), amphibians
(49) (WWF, 2017b), birds (519) (Silva et al., 2003), mammals (148) (Oliveira, 2003).

Wetlands: peatlands, mires, bogs

Amazonian wetlands: plants (>1,390), endemic trees (68) (Junk et al., 2014); Brazilian Pantanal: plants (1,863), aquatic and terrestrial mammals
(170), bats (46-floodplain), birds (655 floodplain and uplands), herpetofauna (135 Plains), fishes (263) (Alho, 2011; Alho, et al., 2011a; Alho et
al., 2011b; Pott et al., 2011).
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Figure '3 @ Historical and recent habitat change and recent species trends for terrestrial
biomes and other units of analysis considered in the assessment for the four
subregions of the Americas. Source: own representation.
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Figure 3 &

The historical habitat column indicates the proportion of intact habitat that remains compared with pre-European settlement (ca. 1600-1970): down arrow = around
50-100% decrease in spatial extent; diagonal down arrow = 10-50% decrease; diagonal up arrow = 10-50% increase; horizontal arrow = no or limited change
(0—+10%). For recent trends, the columns give the general trends over the past 40 years, approximately 1970 to the present: diagonal up arrow = increased; diago-
nal down arrow = decreased; horizontal arrow = essentially no or very little change. Confidence levels: .... = well established; ... = established but incomplete; .. =
unresolved; . = speculative. The tendencies for threatened species are inferred tendencies based on the degree of habitat loss as well as formal assessment data
where it exists. Trends were assigned by experts from each subregion following a modified Delphi process and in accordance with the literature reviewed for the
assessment. Note: Coastal habitats and nearshore marine and Marine/ deepwater/ offshore systems were not considered for the South American subregion.

Figure 3 @ Importance of each biome (unit of analysis) to Nature’s Contributions to People
(NCP: material, non-material and regulating) as defined by IPBES.

Values are averaged across the four subregions for each unit of analysis, with values from each subregion equally weighted.
Values between 0 (lowest) and 4 (highest) were assigned by panels of experts from each subregion and in accordance with
the literature reviewed in the assessment. IPBES definitions of NCPs were used for all units of analysis in all subregions. Green

colors indicate high importance of the biome/unit of analysis to the NCP. Red and orange colors indicate low importance.

Values were assigned based on the proportions of the biomes/unit of analysis that have not been converted by humans to other
land types. Values were assigned by experts from each subregion following a modified Delphi process. (Note: the cryosphere is
not considered in this analysis). Source: own representation.

UNIT OF
ANALYSIS

Tropical and subtropical
moist forests

Tropical and
subtropical dry forests

Temperate and boreal
forests and woodlands

Mediterranean forests,
woodlands and scrub

Tundra and high
mountain habitats

Tropical and

subtropical savannas
and grasslands

Temperate grasslands

Drylands and deserts

Wetlands - peatlands,
mires, bogs

Inland surface waters
and water bodies /
freshwater

Coastal habitats
and nearshore marine

Marine/ deepwater/
offshore systems

Urban areas

Agricultural, silvicultural,
aquacultural

IMPORTANCE OF BIOME FOR DELIVERING EACH NCP

I VERY HIGH

Food and Feed

N
w

b
o

MATERIAL NCP

Materials and assistance

o
o

[ HiGH
MEDIUM LOW [ Low

°
c
<

w

L
£
5}

<
o

9

)

©

=

2

o
@

=

genetic resources

2.7

2.0

arning and inspiration

Q
-

3.0

upporting identities

n

3.0

NON-MATERIAL NCP

hysical and psychological

experiences

o
3.0

3.0

MEDIUM HIGH
I VERY LOW

aintenance of options

=

limate Regulation

o

MEDIU

REGULATING NCP

o

3
- 17}
: B
‘ o
© el
> <
<2 <
b o
5 03
A
= = 52
[ ] =
9] 9] o O
B B <3
SE = -
GE ©2 B
cs | 2| =26
S5 85 99
Bg 80 ®B%
2z 28 3o
83 88 B2
Cs O©£3 O

2s 27 58

M

abitat creation and maintenance

ac

Regulation of air quality

3.0

Regulation of organisms detrimental

to humans

Pollination and dispersal of seeds

and other propagules

@
S)

Regulation of ocean acidification

Formation, protection and

decontamination of soils and sediments

227



THE REGIONAL ASSESSMENT REPORT ON BIODIVERSITY AND ECOSYSTEM SERVICES FOR THE AMERICAS

3.4.2 Marine and ocean systems

Status. Considerable numbers of marine mammals

are threatened in each of the four subregions (Table

3.5). Extinctions in the Americas include Steller’s sea

cow (Hydrodamalis gigas) native to the Bering Sea; the
Caribbean monk seal (Neomonachus tropicalis) native to the
Caribbean Sea, Gulf of Mexico and West Atlantic Ocean;
and the sea mink (Neovison macrodon), native to coastal
eastern North America (Committee on Taxonomy, 2016).

Across subregions, trends in mammal populations

are mixed (IUCN, 2017) (Figure 3.26). For example,
although some sea otter populations are stabilizing or
increasing, abundances remain below carrying capacity
(Doroff & Burdin, 2015). Both extant manatee species

are considered vulnerable with decreasing populations.
Because suitable sea ice habitat in the Arctic is degrading
and/or disappearing rapidly with climate change, the polar
bear is considered vulnerable; however the trends across
the 11 populations of polar bear are mixed (4 increasing,
2 stable, 5 decreasing), and trends across eight other
subpopulations are unknown (IUCN & SSC PBSG, 2017,
Wiig et al., 2015). Very little is known about population
trends of most beaked whales and most dolphin species.
Half of the turtle subpopulations that forage and/or nest
in the Americas are endangered or critically endangered
(IUCN, 2017).

Recent trends. In North America, protection under the

US Endangered Species Act, the US Marine Mammal
Protection Act, and the International Whaling Commission
has led to increasing populations of some marine mammals
(e.g. gray whales) and sea turtle species in USA waters,

but habitat destruction and human activities continue to
place other species in jeopardy. For example, the western
North Atlantic right whale and Hawaiian monk seal continue
to decline (Hourigan, 1999). Similarly, marine mammal
populations in Canada are increasing, including grey seals in
the Scotian Shelf and Gulf of St. Lawrence, harp seals in the
Gulf of Maine and Scotian Shelf, western Arctic bowhead
whales in the Beaufort Sea, Stellar sea lions, sea otters,

and the Pacific harbour seal. Resident killer whale (Orcinus
orca) populations off the coast of Vancouver Island have
shown variable patterns since 2001, with the threatened
northern population showing slight signs of recovery but

the endangered southern population showing little recovery
and listed as “endangered” in the USA “at risk” in Canada
(Fisheries and Oceans Canada, 2017).

Across the Americas, despite bycatch reduction efforts,
particularly in North America, some large whales are still
endangered (e.g. North Atlantic blue whale, Balaenoptera
musculus) as are cetacean populations with low
abundances (Read, 2008). Some populations are small

in number from previous anthropogenic impacts, such

as false killer whales (Pseudorca crassidens). Sirenians

(e.g. manatee, Trichechus manatus) and large whales are
particularly vulnerable to fisheries bycatch and other types
of removals because of inherent life history traits (e.g. slow
maturation) that limit their potential population growth rate
(Eberhardt & O’Shea, 1995). In Mesoamerica, the Caribbean
and South America there is generally a lack of consistent,
robust fisheries bycatch reduction management and/

or enforcement, and fisheries bycatch remains a primary
anthropogenic threat (Hucke-Gaete & Schlatte, 2004; Read,
2008). The vaquita, a small porpoise endemic to a small
range in the northern Gulf of California, is an example of

Table 3 @ The number of marine mammal species found across the Americas, grouped by
current IUCN Red List status and by subregion. DD = data deficient, LC = least
concern, NT = near threatened, V = vulnerable, E = endangered, CE = critically
endangered. Note three extinct species captured in these counts: Caribbean monk
seal (Neomonachus tropicalis), Steller’s sea cow (Hydrodamalis gigas), and the sea
mink (Neovison macrodon). From IUCN Red List IUCN (2017).

IUCN STATUS Americas total North America South America
43 21 13 18 36

Data deficient (DD)

Least concern (LC) 35 27
Near threatened (NT) 4 3
Vulnerable (V) 7 6
Endangered (E) 10 7
Critically 1 0
endangered (CE)

Extinct 3 2
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Figure 3 € Population status for each type of marine mammal categorized according

to species population trends.

“Bad or extinct” (red) indicates most or all species are declining; “Average” (orange) indicates some species are in
decline, some are stable, some are increasing and some are unknown; “Good” (green) indicates most species are
increasing, stable or unknown. Not shown are extinct species, or the polar bear (Ursus maritimus) only found in
the North America region (IUCN Red List status is “vulnerable” and the population trend is unknown).

Source: Produced from status and trends species-level information in the IUCN Red List (2017).

CETACEAN

a small, critically endangered population subject to high
bycatch rates; as such, this species is predicted to go
extinct by 2022 or sooner (Taylor et al., 2017).

Around 338 marine time series of change in the Americas
have been collected. These studies are distributed
inequitably and are geographically sparse, with only eight

in South America (Dornelas et al., 2014; Dunic, 2016;

Elahi et al., 2015). Further, most time series are less than

10 years, precluding a comprehensive picture of how marine
biodiversity has changed in the Americas over the past
40-50 years. The only ecoregion (Spalding et al., 2008) of
the Americas with a sufficient sample size — the Southern
California Bight, with 154 different available time series —
shows a trend toward a general increase in local species
diversity. Multiple studies show many marine species moving
poleward, on average often in relation to shifts in ocean
temperature (Cheung et al., 2013; Pinsky et al., 2013;
Poloczanska et al., 2013; Sorte et al., 2010). Given high
coastal diversity at low latitudes, this suggests that diversity
in the future should increase outside of the tropics. Areas

PINNIPED

I BAD OR EXTINCT
[ AVERAGE
I coobp

w

with extremely high cumulative human impacts (Halpern et
al., 2008) have tended to show losses in diversity over time
(Elahi et al., 2015).

Fisheries species (fish and invertebrates). Commercial
fisheries occur in all oceans surrounding the Americas.
Nearly all marine animal phyla as well as seaweeds

are harvested in commercial fisheries, but fished taxa
and recorded landings data are heavily biased towards
fishes—both ray-finned fishes and cartilaginous fishes,
and invertebrate animals, especially crustaceans such as
lobsters, crabs, and shrimps; molluscs such as clams,
abalones and squids; and echinoderms such as sea
cucumber and sea urchins. Major fishing countries in terms
of total landings include Peru, the USA, Chile, Mexico,
Canada, Argentina, and Brazil.

While extinction risk is generally very low for marine fishes,
recovery of marine populations may take several decades to
recover even when fishing intensity is relaxed (Neubauer et
al., 2013). In the Northeast Pacific and Northwest Atlantic,
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important fished species in most taxonomic groups are fully
exploited (Figure 3.27), i.e., they are fished at levels near
maximum sustainable yield, with annual, sustainable catches
near optimal levels (Costello et al., 2016; Worm et al.,

2009). These evaluations are largely based on quantitative
stock assessments, which yield relatively low uncertainty

in estimates of exploitation status. Stock assessments are,
however, typically conducted for species with large volumes
of fishery landings or species with high ex-vessel prices so
they are not representative of all marine taxa.

Fewer species from northern latitudes are considered to

be either over-exploited or under-exploited (Figure 3.27).
A small proportion of Atlantic demersal fish species is
overfished while a small proportion is underfished on both
coasts of North America (Figure 3.27). Moving towards
the tropics, in the east-central Pacific most coastal and
pelagic fish species are fully exploited, most crustaceans
are fully-to-overexploited, and molluscs are underexploited.
With the exception of pelagic fish species, however, many
of these categorizations are highly uncertain (FAO, 2016).
In the west-central Atlantic, a higher proportion of coastal
fish are overexploited, fewer crustaceans are overexploited,
and more molluscs appear to be overexploited compared to
fisheries in the Pacific Ocean although the latter estimates
are highly uncertain. Moving further south, we find that
most important demersal fish species are overexploited

on both coasts. Most pelagic fish tend to be exploited

in the southeastern Pacific while all are exploited in the

southwestern Atlantic. On the eastern coast of North
America, many of the offshore fisheries exceed target
levels and are not considered sustainable, especially those
of elasmobranchs (Brick Peres et al., 2012; Ministério do
Meio Ambiente, 2006). Molluscs are underfished in the
southeastern Pacific (though estimates are highly uncertain),
while crustaceans and molluscs are fully exploited or
overexploited in the southwestern Atlantic. The exploitation
status of many species is unknown across several
taxonomic groups, in particular, elasmobranchs (sharks,
skates and rays) and coastal fishes.

Despite the collapse of certain fisheries, considerable

efforts have been undertaken to manage fisheries in North
America. Compilations of quantitative stock assessments
(Costello et al., 2016; Worm et al., 2009) show that over-
fished populations usually recover after fishing pressure is
reduced. In the USA, management actions have resulted in
a number of successes, including Alaska groundfish, king
and Spanish mackerel, striped bass, and ocean quahogs
(Hourigan, 1999). Only a small percentage of USA fisheries
are now considered overfished. However, fisheries impact
nontarget species through bycatch and seafloor damage

by trawls (Watling & Norse, 1998). In Canada, an expert
panel (Hutchings et al., 2012) concluded that marine fishes
in Canada declined by an average of 52% from 1970 to the
mid 1990s and then remained stable; most stocks, including
some populations of groundfish, such as Atlantic and Pacific
cod, lingcod and rockfish species, pelagic fish such as

Figure 3 @ The proportion of fished species impacted by exploitation in different ocean
regions adjacent to the Americas as determined by the FAO for individual species
or species groups, which are subsequently aggregated into broad taxonomic
groups. Source: Based on data provided by FAO (2012).
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herring and capelin, and anadromous fish such as coho,
Chinook salmon, Atlantic salmon and Arctic char remain well
below target levels.

Three of the seven global threat hotspots for neritic and
epipelagic oceanic sharks in coastal waters are in the
Americas (Gulf of California, southeast USA continental
shelf, Patagonian shelf) (Dulvy et al., 2014). Brazil, Mexico,
Argentina and the USA are in the top 10 countries reporting
the highest landings of chondrichthyans between 2003 and
2011 (Davidson et al., 2016). Currently, despite decades

of population declines for many chondrichthyans, only

18 sharks and rays have been listed by CITES (Convention
on International Trade in Endangered Species). Stock
assessments for a number of chondrichthyans in the
Americas report declines of 20--80% from unfished
conditions for multiple species (Highly Migratory Species
Management Division, 2006). In the eastern central Pacific,
chondrichthyan landings steadlily increased throughout the
latter half of the 20" century, peaking to ~50,000 tonnes in
2000, and declining to <40,000 tons in recent years (FAO,
2011). Mexican catches (which represent >60% of regional
chondrichthyan landings) have continued to increase,

and current fishing practices targeting elasmobranch
aggregations on breeding and pupping grounds are posing
increased threats to many species (Kyne et al., 2012).
Historic and current fishery landings data are limited, and
the population status of most shark species throughout the
region is poorly understood (Kyne et al., 2012). However,
fishery surveys suggest that two species of sawfish — the
largetooth sawfish and the smalltooth sawfish — may

have experienced local extinctions in Belize and possibly
Guatemala (Kyne et al., 2012).

Canada has become one the world’s third-largest exporters
of shark meat, and the USA has experienced the second
greatest increase in chondrichthyan landings since 2003
(Davidson et al., 2016). The FAO recently identified Brazil
as having one of the largest and most rapidly expanding
shark product consumer markets in the world (Barreto

et al., 2016). Some 32% of all Brazilian chondrichthyans
are endangered and two species of shark are considered
regionally extinct, according to IUCN Red List criteria (Reis
et al.,, 2016). The southeastern coast of South America

is also considered a hotspot of deepwater threatened
chondrichthyans (Dulvy et al., 2014). Targeted shark
fisheries have also expanded in Mexico and Venezuela
(Tavares & Lopez, 2009).

Fisheries management plans are now in place for many
elasmobranchs in the northwestern Atlantic, but lacking in
most other areas. Recently, Chile, Colombia, Ecuador, and
Peru have developed a regional action plan for protecting
and managing chondrichthyans (Davidson et al., 2016).
Recently completed stock assessments for two shark
species in the northeastern Pacific also revealed that all

populations are either not overfished or are recovering from
historical overfishing (Kleiber et al., 2009; Tribuzio et al.,
2015; Young et al., 2016).

3.4.2.1 Coastal habitats/Coastal and
near shore marine/inshore ecosystems

Coastal marine habitats provide many ecosystem services,
including food, protection against coastal erosion, recycling
of pollutants, climate regulation and recreation.

Salt marshes

Status. Salt marshes are intertidal ecosystems that are
regularly flooded with salt or brackish water and dominated
by salt-tolerant plants. They remove sediment, nutrients
and other contaminants from runoff and riverine discharge
(Gedan et al., 2009), protecting estuarine biota. They also
protect coastal communities from storm waves (Costanza
et al., 2008) and are nursery areas for many commercial
fish species. Many migratory shorebirds and ducks use salt
marshes as stopovers during migration, and some birds
winter in marshes. Wading birds, such as egrets and herons,
feed in salt marshes during the summer. After European
settlement, North American salt marshes were filled for
urban or agricultural development or garbage dumps. Using
historical maps, Bromberg & Bertness (2005) estimated the
average loss in New England at 37%. Rhode Island has lost
the most, 53%, since 1832. Salt marshes are estimated to
have occupied 200,000 to 400,000 ha in pre-settlement
Louisiana, with an estimated 50-75% remaining (Smith,
1993) as of two decades ago. San Francisco Bay has seen
a 79% reduction in its salt marshes. Salt marshes in South
America have been far less drained (6%) than in North
America (~50%) (Zedler & Kercher, 2005). However, these
marshes are threatened by agriculture, construction of
flood control measures and hydroelectric power, pollution,
and large-scale fish and shrimp aquaculture. Some
marshes on the Atlantic Coast of South America have
extensive bare areas dominated by high densities of the
crab Chasmagnathus granulata (up to 60 individuals / m?),
which consumes the marsh grass Spartina densifiora. The
bare areas, often comprising half of the habitat, are due

to crab herbivory. It is suspected that the high densities of
Chasmagnathus are at least in part due to the overfishing of
predators (Bortolus et al., 2009). In South America, invasive
Spartina species are found in coastal marshes (Orensanz et
al., 2002).

Recent trends. In recent years, sea level rise has begun to
impact many previously healthy marshes in the Americas
(such as ponding, where water remains on the marsh
surface during low tide and plants get waterlogged). The
actual rate of sea level rise in the future will affect which
marshes can persist. Other marshes are being restored, a
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very expensive procedure. There are some attempts to raise
their elevations (Ford et al., 1999), yet given accelerating
sea level rise, extensive areas will most likely continue to

be lost. The invasive reed, Phragmites australis, which

has reduced plant diversity in many brackish marshes

in the eastern coast of the USA and is often removed

in restoration projects, allows marshes to increase their
elevation more rapidly (Rooth & Stevenson, 2000) and
might better enable marshes to keep up with sea level rise.
While 50% of the salt marsh area in New England had been
lost by the mid-1970s, recent loss rates have been lower
because of awareness of their value and restoration projects
(Valiela, 2006). Long-enrichment of coastal salt marshes
has reduced belowground organic matter, contributing to
subsidence (Turner et al., 2009).

Mangroves

Status. In tropical and subtropical regions, intertidal
mangroves perform similar ecological functions as salt
marshes in temperate zones. The red mangrove, Rhizophora
spp, lives at the water’s edge with its aerial prop roots in the
water, serving as the substrate for a community of attached
invertebrates and shelter for fishes that swim among the
roots. Caribbean mangroves are reported to host the world’s
richest mangrove-associated invertebrate fauna worldwide
(Ellison & Farnsworth, 1996). Mangroves provide many NCP
such as wood products, microclimate regulation, shoreline
protection, nutrient cycling and carbon storage (Vo et

al., 2012).

Recent trends. Recently, use of mangroves has increased
leading to substantial loss (Valiela et al., 2001). Construction
of shrimp and fishponds for aquaculture accounts for over
50% of the world’s mangrove loss. In the Americas, losses
average about 2.1% per year, with annual losses up to 3.6%
per year. This is likely due to exploitation, deteriorating water
quality, coastal development and climate change (Gilman

et al., 2008; McKee et al., 2007; Polidoro et al., 2010). In
the Caribbean, mangrove area has declined by about 1%
annually over the last 30yrs, the second highest rate of

loss globally (FAO, 2007). In recent years, mangroves have
been spreading northward in Florida, expanding their range
in response to warming (Cavanaugh et al., 2014). Since
they are not likely to be harvested for wood or removed

for aquaculture, this northward move may counterbalance
some of the threats.

Submerged aquatic vegetation

Status. Seagrasses live submerged in salt or brackish water
full-time and provide habitat for animals such as scallops,
and, in tropical regions, juvenile coral reef fishes. USA
populations crashed in the 1930s due to disease and slowly
recovered over subsequent decades. Since the 1960s,
much of the Submerged aquatic vegetation disappeared
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in North Atlantic estuaries, particularly in Chesapeake Bay.
Loss of Submerged aquatic vegetation results in a loss of
food and habitat for many species (US Fish and Wildlife
Service, 2011). Of the seven native seagrass species in the
Caribbean, two (Halophila engelmannii and H. baillonii) are
considered to be near threatened and vulnerable. Elevated
nutrient levels (eutrophication) is the biggest threat in the
Americas and is particularly acute in developing nations with
rapidly growing economies, where environmental legislation
is weak. These local and regional threats exist with a
backdrop of environmental change and sea level rise.

Recent trends. There was considerable loss, degradation,
and fragmentation of seagrasses, as 2.6 km? in Biscayne
Bay (Florida, USA) between 1938 and 2009 (Santos et

al., 2016). Extensive losses have been reported from
Canada (Matheson et al., 2016), and the Caribbean (Van
Tussenbroek et al., 2014). The Caribbean Coastal Marine
Productivity program found that most study sites showed

a decline in seagrass health between 1993 and 2007 (Van
Tussenbroek et al., 2014). However, in some areas that have
undergone restoration and controls on nutrients, such as
Chesapeake Bay in the USA, there has been some recovery
(Chesapeake Bay Program, 2017). In cases where nutrient
limitations are implemented, recovery is a very slow process,
involving the replacement of fast-growing macroalgae with
slower-growing plants. Simulation models predict recovery
times of several years for fast-growing seagrasses to
centuries for slow-growing seagrasses following nutrient
reduction (Duarte, 1995).

Coral reefs

Status. Coral reefs are one of the most productive and
diverse ecosystems in the world. In addition to the many
species of corals, they include populations of sponges,
Echinoderms, mollusks such as giant clams, nudibranchs,
and octopuses, crustaceans such as crabs, lobsters and
shrimp, and a huge diversity of fishes, all of which are either
directly or indirectly dependent on the foundation species,
the corals. When corals degrade or disappear the rest of
the community degrades or disappears. Coral reefs perform
vital ecosystem services in tropical countries: they serve as
protection against storms, attenuating wave intensity, their
fisheries are a source of food for millions of people, and they
are a source of considerable revenue from tourism.

Recent trends. Gardner et al. (2003) found that live coral
cover in the Caribbean was reduced from more than 50%
in the 1970s to just 10% today (Figure 3.28). This decline
was followed by widespread and severe coral bleaching

in 2005, which was in turn followed by high coral mortality
as a result of disease at many locations. Healthy corals are
rare on the intensively studied reefs of the Florida reef tract,
USA Virgin Islands and Jamaica (Gardner et al., 2003).
Furthermore, two of the formerly most abundant foundation
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Figure 3 @ Total observed change in percent coral cover across the Caribbean
basin during the past three decades.

0 Percent coral cover from 1977 to 2001. Annual coral cover estimates (A) are weighted means with 95%
bootstrap confidence intervals. Also shown are unweighted mean coral cover estimates for each year (@), the
unweighted mean coral cover with the Florida Keys Coral Monitoring Project omitted (x), and the sample size
(number of studies) for each year (O). @Year-on-year rate of change [mean AN + SE ] in percent coral cover
across all sites between 1975 and 2000 (®),which largely fall below the dotted line representing no change,
and the number of studies for each period (O). Source: Gardner et al. (2003).
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species of Caribbean reefs, the elkhorn coral (Acropora
palmata) and staghorn coral (Acropora cervicornis), have
been added to the US Endangered Species List. The
decline of herbivorous species (e.g. parrotfish) in coastal
marine areas has also been of consequence especially as
many are vital to reef resilience (Mumby et al., 2006). Many
reef fish continue to be exploited (e.g. endangered Nassau
grouper, Epinephelus striatus) (Sadovy & Eklund, 1999).

Jackson et al. (2014) found that the average coral cover
for 88 locations in the Caribbean declined from 34.8% in
1984 t0 19.1% in 1998 to 16.3% at the time of the report,
but there was great disparity among sites. In contrast,
macroalgal cover increased from 7% to 23.6% between
1984 and 1998 and held steady but with even greater
disparity among locations since 1998. Differences among
locations can be attributed to local factors such as human
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population density, overfishing of herbivorous fishes, and
invasive species. The invasion of the predatory lionfish (see
Chapter 1) has been particularly devastating to populations
of herbivorous fish. The massive loss of corals in the
Caribbean (see Chapter 4 for drivers) has been associated
with increases in large seaweeds (macroalgae), outbreaks of
coral bleaching and disease, and failure of corals to recover
from natural disturbances like hurricanes (Jackson et al.,
2014). There are attempts to restore some Acropora reefs in
the Caribbean with more tolerant strains. Bozec et al. (2016)
concluded that reduced fishing for parrotfish and other
herbivores would make reefs more resilient to warming.

Global warming is placing Caribbean coastal ecosystems
under further stress (see Chapter 4). The predicted
increased severity of hurricanes and greater rainfall
seasonality here are also likely to increase stress (Fish et
al., 2009). In Brazilian reefs of the Southwestern Atlantic
Ocean, long-term sea water thermal anomaly events, equal
or higher than 1°C, were responsible for more than 30%

of bleached corals in the inshore reefs from 1998 to 2005,
(Le&o et al., 2010).

3.5 PERILS AND
OPPORTUNITIES FOR
CONSERVATION

3.5.1 Threat status and temporal
trends

Knowledge of threat status, temporal trends, and the main
causes underlying extinction probability constitute useful
information for policymakers for prioritizing recuperation
plans and protection measures and for other stakeholders
who wish to reap well-being benefits from particular species
or contribute to biodiversity conservation.

Status. Overall, 14,184 species from taxonomic groups
within which > 90% of species have been globally assessed
by IUCN for extinction risk and synthesized by Brooks et al.
(2016) are present in the Americas. Groups assessed cover
mammals, birds, chameleons, amphibians, sharks and rays,
selected bony fish groups (angelfishes and butterflyfishes,
tarpons and ladyfishes, parrotfishes and surgeonfishes,
groupers, wrasses, tunas and billfishes, hagfishes, sturgeon,
blennies, pufferfishes, seabreams, porgies, picarels),
freshwater caridean shrimps, cone snails, freshwater crabs,
freshwater crayfish, lobsters, reef-building corals, conifers,
cacti, cycads, seagrasses, and plant species occurring

in mangrove ecosystems. Conspicuously absent are the
majority of flowering plants. Recognizing that available

data is strongly skewed towards animals, in total, 24.5%
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of assessed species are documented as threatened with a
high risk of extinction in the wild in the medium term future.
The inclusion of data-deficient species for these groups
could shift this percentage to as high as 34.7% or as low
as 21.2%. The great majority of species assessed for the
taxonomic groups mentioned (92.3%, 13,096 species) are
endemic to the Americas region.

Notable differences in extinction risk characterize the
different subregions of the Americas (Figure 3.29).
Considering all species, North America shows much lower
extinction risk than South America, Mesoamerica, and the
Caribbean. With the exception of South America, extinction
risk tends to be higher among endemic species. Especially
high extinction risks for endemics are found in the Caribbean
and Mesoamerica.

Recent trends. For mammals, birds, amphibians, corals,
and cycads, global assessments of extinction risk against
the Red List categories and criteria have been undertaken
multiple times over the last three decades to derive Red List
indices as indicators of the rate at which species groups
are sliding towards extinction; these can be combined

with species distribution data to produce geographically
downscaled Red List indices (Rodrigues et al., 2014).
According to this criterion, overall the extinction risk has
increased over the last 23 years in the Americas, but again
there are notable subregional differences (Figure 3.30).
Extinction risk in the North America subregion has increased
slightly, in Mesoamerica it has remained relatively steady,
while in the Caribbean and South American it increased

the fastest. Species in the Caribbean region are declining
towards extinction the fastest of all but, of course, there are
fewer overall species here (Brooks et al., 2016).

The main threats in the North American subregion come
under the IUCN category termed “Invasive & other
problematic species (whose origins are uncertain), Genes
& diseases” (Figure 3.31). In the other three subregions,
the main threats are “Agriculture & aquaculture” and
“Biological resource use”. While it was seen earlier that there
are many alien and invasive species in the Caribbean, the
category of “Invasive & other problematic species, Genes
& diseases” does not rank high as a threat, at least in the
groups assessed to date. The relatively less importance
still of the invasive species category in Mesoamerica and
South America could relate to the fact that invasive species
are less prevalent at tropical latitudes. The overall pattern
for these last subregions mirrors the global threat trends
(Maxwell et al., 2016). Again, it should be borne in mind
that species assessed are strongly skewed towards animal
groups. Trends could change measurably with the inclusion
of the many threatened plant species in the Americas.
Throughout the Americas, biological resource use may be
a primary concern in the marine environment (McCauley et
al., 2015).
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Figure 3 @ Extinction risk for species in the Americas as a whole (Am) and by subregion
(Caribbean: Ca, Mesoamerica: MA, North America: NA, South America: SA).

Red lines show midpoint estimate of proportion of threatened species. The top 5 rows are all assessed species in
the dataset, and the bottom 5 are the subset of endemic species. Source: Data synthesized by Brooks et al. (2016).

0o 005 01 0,15 02 025 03 035 04 045 05 055 06 065 0,7 0,75 0,8 0,85 0,9 095 1 # species
(% threatened)

Am all species 14184 (24,5%)

Ca all species 1911 (20%)

MA all species 4792 (21,8%)

NA all species 3073 (11,9%)

SA all species 9161 (21,2%)

Am endemic species - I 13096 (25,8%)
Ca endemic species _ 578 (53,6%)

PROPORTION OF SPECIES IN EACH RED LIST CATEGORY
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NEAR THREATENED DATA DEFICIENT [l LEAST CONCERN

Figure 3 @ Red List indices of species survival for mammals, birds, amphibians, corals,
and cycads, weighted by the fraction of each species’ distribution occurring
within each region/subregion.

The position on the y-axis indicates the aggregate extinction risk facing species in the region overall. It ranges from
1 (if no species are threatened with extinction) to 0 (if all species are extinct). The horizontal axis shows time, so
the slope of the lines for each subregion shows how the extinction risk of the species in that subregion has been
changing. A declining slope indicates that extinction risk is growing; an increasing slope indicates that extinction
risk is declining. Source: Data synthesized by Brooks et al. (2016).
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Figure 3 € Comparison of the main causes of extinction risk in the Americas.

When a species is threatened by more than one cause, all causes were included to calculate the proportion.
Source: Data from IUCN Red List threat classification, IUCN (2017).

NORTH AMERICA MESOAMERICA
CARIBBEAN SOUTH AMERICA
[ Residential & commercial development | Biological resource use [ Pollution

Agriculture & aquaculture
[ Energy production & mining

[ Transportation & service corridors

3.5.2 Protected areas

Most early protected areas in the Americas were established
with the aim of protecting iconic landscapes. Heightened
concern over environmental degradation and the
importance of biodiversity led to changes in the motives for
establishing protected areas, with an increasingly greater
emphasis placed on in situ conservation, coverage of KBA
(Key Biodiversity Areas), “hotspots”, ecosystem services and
indigenous rights. Simultaneously, the range of stakeholders
involved in establishing protected areas expanded to include
private citizens, in addition to governments. Many early
protected areas established in mountainous landscapes
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[ Human intrusions & disturbance
"] Natural system modifications

B Invasive & other problematic species, genes & diseases

Bl Geological events
[ Climate change & severe weather

Il Others

today perform important roles in protecting key ecosystem
services such as water regulation and slope stability.

Status. Total protected area coverage for the Americas is
14%, with 18% of its terrestrial area and 9% of its marine
area (within the Exclusive Economic Zone, EEZ) protected
(Figure 3.32). Protected area coverage shows variation
both among subregions and in relation to the relative
amount of land and the marine EEZ protected. For terrestrial
habitats, South America has the highest fraction of land in
protected areas, whereas for EEZ marine protection, North
America has made the most advances (Figure 3.32). Chile
recently announced the creation of two new large marine
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Figure 3 €@ Percentage of terrestrial, marine and total protected area coverage in the
Americas region and subregions. Source: Based on UNEP-WCMC & IUCN (2015),

synthesized by Brooks et al. (2016).
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protected areas (around the Juan Fernandez Islands and

in the Cape Horn-Isla Diego Ramirez area) (Ministerio del
Medio Ambiente, 2017) in the South American subregion.
Mexico announced the creation of Parque Nacional
Revillagigedo (CONANP, 2017) in the Mesoamerican
subregion. The Americas, thus are responding rapidly to the
challenge of marine protection. These new marine protected
areas are not included in Figure 3.32.

Recent trends. Over the past few decades, there has been
an increase in the number of protected areas and the
amount of land protected throughout the Americas region
(see Chapter 2). In North America, the number of protected
areas has almost tripled, and in the Caribbean, it has almost
doubled. Protected areas came slowly to Mesoamerica, but
have increased in number from 150 to more than 700 since
the 1980s, and in South America, they have increased more
than four-fold. In South America, over the past 10 years, an
additional 683,000 km? of new protected areas were added
to the Amazon Basin by different countries, increasing the
amount of the Amazon protected by 10% (Charity et al.,
2016). According to the most recent analysis for terrestrial
biomes, a large number of biomes in the Americas are
better protected than the global average (Table 3.6);
however, despite advances, and of concern given the rapid
rate of conversion in many (3.4), some fall well below the
global rate. It should be pointed out that the exact level of

Note: the data for the North American subregion includes protected area in the Hawaiian Islands.

* Economic exclusive zone.

protection in these biomes is constantly changing because
of new initiatives and depends also on how the various
biomes are defined, which is far from uniform. In general,

it can be seen that closed forests are better protected in
relation to the global rate than non-forested areas and wet
forests better than dry forests.

With regard to priority areas for conservation, the Americas
region hosts 20% of globally identified KBA (Table 3.7).
KBA include the 12,000 Important Bird and Biodiversity
Areas (IBAs), identified by BirdLife International (2015), plus
Alliance for Zero Extinction (AZE) sites (Ricketts et al., 2005)
and other KBA identified through hotspot profiles supported
by Critical Ecosystem Partnership Fund (World Database of
Key Biodiversity Areas, n.d.).

The total protected area coverage of KBA has increased
significantly over the past 50 years (Figure 3.33). Brooks
et al. (2016) synthesize all three datasets for the Americas
region. Currently (as of 2015) 17.0% of IBAs and 20.6% of
AZE sites are fully covered in the Americas as a whole. At
the subregional level, for IBAs South America lags strongly
behind; for AZE sites the Caribbean takes the lead, while
North America lags behind the most (Figure 3.33).

With the increasing recognition of indigenous rights and
public recognition of NCP, the establishment of indigenous
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Table 3 @ Percentage protection of terrestrial biomes in the Americas according to biogeographic
realm. The North American realm (= Nearctic realm in Jenkins & Joppa, 2009)
extends into Mexico and thus is larger than the corresponding IPBES subregion. The
Neotropical realm includes South American and Caribbean subregions and part of
the Mesoamerican subregion as defined by the IPBES. Biomes shown in bold enjoy a
high level of protection relative to the global rate in at least one of the biogeographical
realms. Based on data in Jenkins & Joppa (2009).

_m North American NeOtroplcal

Tropical and subtropical moist broadleaf forests
Tropical and subtropical dry broadleaf forests
Tropical and subtropical coniferous forests
Temperate broadleaf and mixed forests
Temperate coniferous forest

Boreal forests/taiga

Tropical and subtropical grassland, savannas and shrubland
Temperate grasslands and savannas

Flooded grasslands and savannas

Montane grasslands and shrublands

Tundra

Mediterranean forests, woodland and scrub
Deserts and xeric vegetation

Mangroves

8 0 9

7 7 8
11 12 29
25 33

9 10

13 8 11

4 3 2
20 15
25 14
17 22

7 21 1

9 14 9
21 37

Table 3 @ Number and percentage of KBA by subregion in the Americas relative to the global
total. Source: Data are from the World Database of Key Biodiversity Areas™, searched
October 22, 2017. http://www.keybiodiversityareas.org/ site/search.

North America
Caribbean
Mesoamerica
South America
Americas

GLOBAL

and private reserves has increased notably. Indigenous
reserves in South America tend to be concentrated

in tropical forests where they contribute greatly to the
integrity of ecosystem services, and the sustainable use
of many plant and animal species used for human-well-
being. Currently, indigenous reserves in Latin America and
the Caribbean account for around 12% of all protected
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985 6.35
419 2.70
305 1.96
1,371 8.83
3,080 19.84
15,524 100

land (Nelson & Chomitz, 2011) (for more details on the
contribution of indigenous reserves to human well-being see
Chapter 2). In the Amazon, around 3000 indigenous lands
(not all recognized) now cover over 2 million km? (Charity
et al., 2016; Figure 3.34). Both uninhabited protected
areas (parks) and indigenous lands have proven to reduce
deforestation and fire in South American wet tropical forest



CHAPTER 3. STATUS, TRENDS AND FUTURE DYNAMICS OF BIODIVERSITY AND ECOSYSTEMS UNDERPINNING NATURE’S CONTRIBUTIONS TO PEOPLE

Figure 3 €@ Growth in the proportion of KBAs (Key Biodiversity Areas) completely covered

by protected areas in the Americas between 1970 and 2015.

Q Trends in the four American subregions for IBAs (Important Bird and Biodiversity Areas). @ Trends in the four
American subregions for AZEs (Zero Extinction sites). O Trends in the Americas as whole for both IBAs and AZEs.

Source: IUCN & Birdlife International (2016) as synthesized by Brooks et al. (2016).
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Figure 3 @ Location of protected indigenous lands, other indigenous lands and protected
areas in the Amazon basin as of March 2016. Source: Charity et al. (2016).

(Armenteras et al., 2009; Nepstad et al., 2006; Nelson &
Chomitz, 2011), and contain viable populations of most
threatened tree species (ter Steege et al., 2015).

Private conservation efforts are now important in the
temperate forests of southern South America (Pliscoff

& Fuentes-Castillo, 2011), the Mediterranean forests,
woodland and scrub biome in California (Paulich, 2010),
and in Brazil in general (de Vasconcellos Pegas & Castley,
2016). Brazil’'s private reserves are distributed across seven
biomes (six terrestrial and the marine); they are recognized
under federal law and created to protect nature in
perpetuity. Private conservation efforts in the USA have been
stimulated by the fact that around two-thirds of the land in
the continental USA is privately owned and three-quarters
of all threatened or endangered species depend on private
land for habitat, food or breeding (Paulich, 2010). A similar
situation could occur in the South American Mediterranean
biome. While private initiatives are noteworthy, they
sometimes risk outcomes of the establishment of protected
areas in places that are large and cheap but of less
importance for biodiversity conservation (Barnes, 2015), or
choices being made on purely aesthetic grounds increasing
protection where it sometimes is perhaps less required. It
is therefore essential to complement these measures with
measures of safeguard of important sites (Butchart et al.,
2016) and encourage protection where it is most needed,
regardless of aesthetic value.

Despite the overall increase in protection and notable

conservation success stories (e.g. Carabias et al., 2010),
major conservation incongruencies within many biomes
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INDIGENOUS LANDS
AND PROTECTED AREAS

INDIGENOUS LANDS
I PROTECTED AREAS

AMAZON BIOME

still remain. Incongruencies address both what and how
much is conserved. With respect to what is conserved,

as an example, although California has pioneered multiple
species habitat conservation plans and other regional and
multi-benefit approaches to enhance integrated planning
of protected areas (Pincetl et al., 2016), unprotected areas
tend to harbor the highest numbers of rare plant taxa (Pavlik
& Skinner, 1994), while important areas with high levels of
plant neoendemism fall outside of protected lands (Kraft
et al., 2010). How common this trend is in other biomes
remains to be seen and should be a priority question.

With respect to how much is conserved, as examples,

the Central American system of protected areas currently
includes 669 protected areas summing 129,640 km?,

the majority of which correspond to moist tropical and
subtropical forest (Programa Estado de la Nacion, 2008;
The Nature Conservancy, 2005). For Mesoamerica defined
as the five southernmost states of Mexico to the Darien in
eastern Panama, while 29% of tropical broad-leaved forest
is protected, only 10% of coniferous forest comes under
protection (DeClerck et al., 2010). For South American moist
tropical and subtropical forests, less than 2% of Atlantic
rainforest is protected.

Incongruencies are even more extreme in other biomes.
Overall, only 0.3% of Tropical dry forest in Mesoamerica,
7% in South America and 10% in the Caribbean is
protected (Portillo-Quintero & Sanchez-Azofeifa, 2010);
this percentage descends to 0.2% in Mexico and 1.0%
in Venezuela, but is a much higher 15% in Costa Rica
(Portillo-Quintero & Sanchez-Azofeifa, 2010), indicating
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notable differences in individual country efforts. Protection
of Chaco is about 10% (Fehlenberg et al., 2017), ranging
from 36% in Bolivia to 6.5% in Paraguay. Although the
amount of protected land tripled in the wider Mediterranean
biome in South America between 1975 and 2017, less than
3% is currently protected (based on data in http://www.
mma.gob.cl) with some particular ecosystems of the biome
totally lacking protection (Pliscoff & Fuentes Castillo, 2011).
Currently, 8.3% of the Brazilian Cerrado is considered to

be under some kind of protection, with only 3.1% in strictly
protected areas (National Database for Protected Areas/
Brazilian Ministry of the Environment - Cadastro Nacional de
Unidades de Conservacao - CNUC, updated February 7,
2017). South American drylands are very poorly protected
-— 1% of land area of the Caatinga (Banda-R et al., 2016;
de Oliveira et al., 2012), and 1-2% of Chilean western
desert (Arroyo & Cavieres, 1997; Luebert & Pliscoff, 2006).
Likewise, in the EEZ much variation is found for marine
conservation (Watson et al., 2014). All these incongruencies
have many sources, but one obvious one is a lack of
systematic planning among countries where a given biome
is found.

3.6 KNOWLEDGE AND
DATA GAPS

Biodiversity inventories. Basic inventorying of biodiversity is
far from complete in the Americas. Accumulated species
descriptions for vascular plants have not yet reached an
asymptote (Figure 3.35A). Over the period 2004-2016,
Brazil registered the largest number of new plant species
names in the International Plant Names Index worldwide
(Figure 3.35B). Over 2,000 new species of plants and
vertebrates have been described from the Amazon alone
since 1999 (Charity et al., 2016). Even in well-known groups
such as mammals, 42% of the new species described
worldwide between 1993 to 2008 came from the Americas
(Ceballos & Ehrlich, 2009), mostly from Mesoamerica and
South America. These trends are likely to be repeated

for other taxonomic groups. Knowledge of invertebrates

is particularly deficient including for taxonomic groups of
particular importance for human well-being, such as bees.
This assessment has shown that high-quality information on
species richness across the entire Americas is available for
a very limited number of taxonomic groups. Some estimates
of biodiversity, of course, might be exaggerated if care

was not taken to remove synonyms. Overall, an accurate
estimate of the total biodiversity in the Americas is currently
not possible, and is unlikely to become available for a long
time at the current rate of progress. Also, systematized
knowledge on the use of biodiversity is still scarce,

despite major efforts made in Mexico, Costa Rica, Brazil,
and Colombia.

Similar and probably even much larger knowledge gaps
occur in the marine (and probably freshwater) realms. Based
on their studies, it is predicted that only about half of marine
organisms have been described for the Atlantic and Pacific
coasts of South America (Miloslavich et al., 2011); as on the
land, a severe lack of taxonomic expertise in the subregion
is a major handicap.

Mobility of biodiversity data. Progress in the detection of
the impacts of climate change on biodiversity, conservation
gaps, and areas with high concentrations of invasive species
today depends heavily on georeferenced biodiversity
occurrence data. Overall, 50% of georeferenced online
occurrence data in the Global Biodiversity Information
Facility pertains to the Americas. However, the density

of georeferenced data varies widely among subregions
(Figure 3.36) (and between countries within each subregion
— not shown). Causes include differences in intrinsic
richness among countries, a greater level of collaboration
between foreign institutions and the tropical countries,
differences in exploration intensity, lack of manpower to
digitalize biodiversity data and some reticence still on the
part of some institutions to incorporate their biodiversity
data into the Global Biodiversity Information Facility. The
South American subregion lags behind, but important
efforts are getting underway. For example, specimens

from several institutions in Argentina, thanks to support

by the Argentinian National Science Council, can now be
found in the Global Biodiversity Information Facility. Brazil

is creating the Brazilian Information System on Biodiversity
and the “Portal da Biodiversidade” which are first steps to
consolidate biodiversity data and make it available online.
The Chilean national science council is contemplating
making it compulsory for grant-holders to place biodiversity
data collected with national research funds in the Global
Biodiversity Information Facility.

Importantly, efforts are being made to build comprehensive
alien species databases at the country (e.g. USA, Brazil,
Mexico, Chile) and regional (e.g. Invasives Information
Network) levels. Not having access to all biodiversity data,

in addition to hindering research progress, introduces
uncertainty in the results of regional and global-scale studies
that rely heavily on occurrence data and lowers the quality of
environmental impact studies within countries.

Biome and ecosystem-level data. With very few exceptions,
we currently lack accurate knowledge of biodiversity at

the biome level. Where available, the information is limited
to a few groups of better-known organisms and does not
necessarily coincide with the spatial delineation of the World
Wildlife Fund terrestrial biomes adopted by the assessment
(see Chapter 1). These have been major obstacles in this
assessment. Overall, studies, when present, are insufficient
in number for performing biome-level meta-analyses.

Thus the assessments of the units analysis in Chapter

241



THE REGIONAL ASSESSMENT REPORT ON BIODIVERSITY AND ECOSYSTEM SERVICES FOR THE AMERICAS

Figure 3 € Sources of new vascular plant species names entered into the International
Plant Names Index.

0 The number of plant species (basionyms) described per year from 1753 to 2015 for the Americas, and the
cumulative number of accepted species.

e Sources of new vascular plant species names entered into the International Plant Names Index between 2004
and 2016 for different countries. Source: Willis (2016) Original data as in updated for the years 2004 to 2016,

Ulloa Ulloa et al. (2017).
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3 are necessarily descriptive and piecemeal. Revision of cross-country, biome-level surveys are generally lacking,
the World Wildlife Fund biomes based on a consensus but of course, this is not the only reason. This represents
is highly desirable now that more accurate vegetation a serious challenge for future regional and global IPBES
mapping is possible and can be combined with verified assessments and undermines the efficiency of conservation
species distribution data. If all countries were to adopt measures in biomes.
such a system, this would be an enormous step forward.
One reason for a lack of biome-level data is that many Data on population sizes and genetic diversity is scarce
biomes in the Americas cross country boundaries. For outside the North American subregion. Likewise, long-term
example, high elevation systems in South American are series data are few and far between making it difficult to
found in seven countries and span about 44 degrees of detect temporal trends. Throughout the Americas, fishes
latitude, Mesoamerican dry tropical forest stretches over and invertebrates differ in their population status, yet the
seven countries and the Amazonian basin over eight. This exploitation status of many species is unknown across
transnational problem is far less acute in the North American  several taxonomic groups, in particular, elasmobranchs
subregion composed of only three countries. Because (sharks, skates and rays) and coastal fishes because of
governments are usually first concerned with the biodiversity  a lack of long-term series data. For terrestrial habitats, in
of their respective countries, resources for undertaking the early 1990s, pioneering efforts in the US Long-Term
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Figure 3 € Quantity of georeferenced biodiversity occurrences in the Global Biodiversity
Information Facility for subregions of the Americas divided by land area.

Note: Occurrence data for North America includes Hawaii. Source: GBIF (http://www.gbif.org/occurrence).

Data accessed: March 26, 2017.
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Ecological Research Network led to the International Long
Term Ecological Research Network (Vanderbilt & Gaiser,
2017). Although many formally accredited sites are found in
the Americas, these are strongly concentrated in the USA,
Mexico, and Brazil. There are no high altitude International
Long Term Ecological Research sites along the entire
length of the high Andes where global warming is occurring
faster than in adjacent lowlands. Nevertheless, the GLORIA
program (www.mountainstudies.org/climate-change) has
been active in setting up monitoring sites in the northern
and central Andes, to be extended now to the southern
Andes. For the marine domain, two North American marine
sites were recently accredited by International Long Term
Ecological Research Network.

Biodiversity-ecosystem functions-NCP linkages. Most work
in this area in the Americas comes from the North American
subregion and has involved plot-based studies with a
strong focus on productivity. Some information exists in the
agricultural, fisheries, pollination, and hydrological domains
in the other subregions. Across the Americas, vascular
plants comprise the only taxonomic group for which the
coverage of functional trait data is abundant (Kattge et al.,
2011), yet gaps in functional trait data are highest precisely
where diversity tends to be highest: i.e., tropical latitudes
(Jetz et al., 2016). Studies linking biodiversity and other less
tangible kinds of NCP are incipient throughout. The health
benefits of biodiversity and level of equity in terms of access
to green areas in urban areas, for example, are fairly open
fields. A major gap in our understanding, perhaps with the
exception of carbon storage, are links between biodiversity
and ecosystem services or NCP at large spatial scales. This

0.99 [ ALL OCCURRENCES

-0.44

South America

SPECIMEN-BASED OCCURRENCES

requires replicated information across individual biomes/
units of analysis and hence coordinated research, often in
several countries. To advance in our knowledge here, also,
greater collaboration between the traditional biodiversity
research community and other disciplines is desirable.

Two major challenges for the future in the Americas are

to standardize information and to make it available in a
template that is usable by decision makers. In this sense,
initiatives such as the Biodiversity Indicators Partnership
(https://www.bipindicators.net/), which make suites of global
indicators available to support national-level reporting and/or
National Biodiversity Strategies and Action Plans updating
and implementation, are promising.

3.7 CONCLUDING
REMARKS

Biodiversity is linked to ecosystem functions and is highly
relevant to NCP across the ecologically diverse and
species-rich Americas. All units of analysis of the Americas
considered contribute to human well-being. However,
Tropical and subtropical moist forests, Temperate and
boreal forests and woodlands, Tropical and subtropical dry
forests, Mediterranean forests, woodlands and scrub, and
Tundra and high elevation habitats stand out as particularly
critical for NCP delivery. For aquatic systems, freshwater is
considered somewhat more important for NCP than marine.
Except in a limited number of cases, this chapter shows
that the biodiversity in the Americas” terrestrial biomes
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and freshwater and marine habitats continues to undergo
serious erosion. The introduction and spread of alien
species can be expected to continue causing direct and
indirect impacts on human well-being and biodiversity. The
subregions currently undergoing most dramatic land use
change, considering their spatial extent, are South America
and Mesoamerica, where conversion of vegetation to
support pastures, agriculture and exotic plantation forestry
is widespread. These changes are leading to major losses of
habitat with concomitant population and species declines. In
the marine and freshwater realms, the number of threatened
species is high, and many fish species are over-exploited.

Climate change has begun to affect the distribution of
biodiversity, but to a greater degree in North America than
South America for the moment. Increased fire frequency
in several biomes constitutes a growing threat. Despite
significant progress in developing protective measures
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for the land and in the sea, they are often insufficient.
The greatest challenges to policymakers and decision
makers will be to: arrest or slow habitat loss; encourage
more ecologically-friendly management practices to
ensure long-term food- and water-security; and promote
alternative biodiversity-based economic activities that are
less destructive than current activities. These are not new
challenges. Progress necessarily implies a conscious,
collective societal effort. Many lessons can be learned
from indigenous peoples who have succeeded in living in
harmony on the land.
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