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This assessment is the result of a project called LEAP - Leveraging Ecosystem-based
Approaches for Priority-setting (South Atlantic Coast). The project gathered a panel of
experts from Brazil, Uruguay and Argentina to apply the IUCN Red List of Ecosystems
Categories and Criteria for the risk assessment of a regional ecosystem.

The implementation of the project was led by the Federal University of Santa Catarina
(UFSC) and focused on the sand dunes systems of the southern South Atlantic Coast as
a first step towards an approach that can be replicated in other regions. The project was
supported by the Bio-Bridge Initiative (BBI) of the Convention on Biological Diversity
(CBD) and counted with a close collaboration with the IUCN Commission on Ecosystem

Management (CEM).

Figure 1. Sand dune system at Cabo Polonio National Park, Uruguay. Source: WikiMedia Commons



CLASSIFICATION

According to v 1.01 of the IUCN Global Ecosystem Typology (Keith et al., 2020),
the coastal sand dunes of Southern America are a subunit of the Coastal shrublands and
grasslands (MT2.1) Ecosystem Functional Group. Nevertheless, coastal processes
(Morton, 1977; 2003) make the relationship with the adjacent ecosystem (Sandy
Shorelines - MT1.3) interdependent. On the other hand, according to the IUCN Habitat
Classification Scheme v3.1, the target ecosystem is classified in the category Coastal
Sand Dunes, including humid dune slacks (M13.3.). In this case, the relevance of salinity,

sea spray and wind for biota is highlighted (Wells, 1938; Boyde, 1954).

DISTRIBUTION

The target ecosystem covers 5,275 km? and is distributed in a continental strip
adjacent to the Atlantic Ocean, of variable width (0,3 - 15 km), between parallels 28 -
39° S between the cape of Santa Marta Grande (State of Santa Catarina/Brazil) and the
town of Bahia Blanca (Province of Buenos Aires/Argentina), thus expanding through the
coastlines of Brazil, Uruguay and Argentina. Its continuity is interrupted by exhutories,
highlands and capes (local scale), as well as by more frequent erosive features and
human infrastructures in the vicinity of the city of Mar del Plata/Argentina and by the
estuary of the La Plata river (regional scale). The data were obtained from regional
mapping (scale 1: 100,000), suitable for historical assessments of large areas by service
satellite images.

In this study we divided the dune system in four distinct sectors. Sectors | and Il
comprises Santa Catarina and Rio Grande do Sul States, respectively, in Brazil. Sector llI
ranges over the coast of Uruguay and Sector IV extends up to the southernmost point
of the dune system in South America, in Argentina. The ecosystem sectorization was
performed in order to indicate the most appropriate management strategies across
three different countries according to their characteristics and own environmental
legislation. In this context, we applied the IUCN Red List of Ecosystem for both the

regional ecosystem, but also for each sector separately.
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ECOSYSTEM DESCRIPTION
Characteristic native biota

The characteristic biota for dune complexes includes a range of taxa that are
resultant from interactions between tolerant plant species and sandy substrate,
high wind velocities, salt spray, salt accretion and environmental heterogeneity
(Marcomini & Ldpez, 2013). Propagules of many plant species are dispersed and
deposited along the dune system, but the establishment, growth and reproduction
are restricted to species that are able to cope with environmental stresses
associated with the sand movement.

Foredune is a highly unstable environment constantly subjected to erosion
caused by the wind. Coastal foredunes do not reflect autogenic succession and
habitat types tend to be a result of differences between their initial environmental
conditions and changes of abiotic factors thereafter. In consequence, the associated
vegetation reflects characteristics of pioneer communities (Doing, 1981, 1985).
Species that dominate this habitat are Panicum racemosum associated with
Blutaparon portulacoides and Senecio crassiflorus in places with more stability
(Cordazzo & Seeliger, 1993). Other species that occur in this ecosystem are
Ammophila arenaria, A. littoralis, Carex sp. Festuca sp. Elymus farctus, Spinifex sp.,

Panicum sp., Spartina sp., Sporobolus sp. and other species such as Eryngium (Hesp,



2009).

Fauna of coastal dunes is dominated by arthropods and vertebrates,
particularly insects, lizards, birds and mammals (MclLachlan, 1991; Bujes &
Verrastro 2008). Also, arachnids can be found along the ecosystem, whereas
crustaceans occur near the beach (Barnes, 1953). Backshore and dunes are
important colonization areas for other crustaceans, especially talitrid amphipods
and oniscid isopods (McLachlan et al., 1987). Frogs may also occur in lime-rich soils
(Roberts, 1984). Still, insects are dominant throughout the ecosystem, especially
the orders Hymenoptera, Coleoptera and Diptera (Ardo, 1957). Bacteria and fungi
are the primary colonizers of supralittoral and dune sands and exhibit a landward
succession (Webley et al.,, 1952; Forster & Nicholson, 1981). Mammals often

traverse dunes temporarily to forage carcasses or wrack at the beach.

Abiotic Environment

The target ecosystem consists of coastal dune fields, composed of different dune
types and subaerial landforms, located in the Holocene Barrier IV, referring to the most
recent Laguna-Barrier System (Villwock & Tomazeli, 1995); formed by the slow drop in
the relative sea level after reach its maximum level (+1 - 4m) between 5 - 6 thousand
years before the present (Isla et al., 1996; Dillenburg et al., 2009; Hesp et al., 2009;
Bracco et al., 2011; Isla, 2017).

The wind regime is an important variable for the target ecosystem, as it is the
main transport agent for, mostly, medium to very fine sands (Isla et al., 2001; Dillenburg
et al., 2009). The predominant winds vary according to the latitudinal and seasonal
variations: from NE in Brazil to N - NW in Argentina (Cortizo & Isla, 2007; Dillenburg et
al., 2009).

Other relevant variables that influence the availability of sediment are: (a) the
wave regime, with a predominance of the South to East directions (Bird, 2010;
Dillenburg et al., 2009); (b) the microtidal regime, with the occurrence of semidiurnal
tides (Schnack et al., 2008; Dillenburg et al., 2009; Bracco et al., 2011); (c) fluvial inputs
as sources of fine sediments, and the shoreface and continental shelf as sources of sandy
sediments, and d) storm events (overwash). The sediment transport in the coastal zone

occurs through littoral drift (S - N) and cross-shore processes (Dillenburg et al., 2000;



20009; Isla, 2017).

Regarding the occurrence per se of the target ecosystem, coastal erosion is a
recurring phenomenon (Barboza et al., 2011; Goso et al., 2011; Isla, 2017) that has
influenced the area “available” to the ecosystem. However, in large areas, this problem
is of local importance, since the dynamics of the different transport agents end up
redistributing the sediment volume; obviously with possible outputs (and inputs) of

sedimentary material in the coastal system.

Interactions and Processes

Sand dunes are dynamic ecosystems, characterized by mobile (primary) and fixed
(secondary) dunes and by the subjacent sandy beaches (Figure 2). Sediment balance is
the key process that shapes this ecosystem, since it determines erosion or accretion of
sand to the dune system. If the sediment balance is negative, the system is eroded and,
therefore, it culminates in distribution decline. On the other hand, if there is a positive
sediment balance, there is accretion of sand into the system and its distribution
increases. Positive sediment balance also promotes pedogenesis. Sediment balance is
promoted by physical oceanographic phenomena (i.e. waves, tides and currents) and by
climatic phenomena (i.e. rain, winds, humidity and river discharge). These phenomena
are greatly influenced by climate change, which shifts current patterns of erosion and
accretion in the system.

Sediment balance is also influenced by the topography and granulometry, since
they define the sizes of sand grains that are retained and the ones that are transported,
besides how this transportation occurs. The volume of available sediment is also a result
of sediment fixation, promoted by the vegetation on the system which traps sediments
under its coverage. Native vegetation suppression promotes colonization by ruderals
and other invasive species, which reduces native vegetation. Groundwater table level
both influences and is influenced by the native vegetation, since the higher the density
of vegetation, higher is the potential for the soil to retain water. Native fauna is also

influenced by and influences the native vegetation.
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Figure 2. Cause-effect model of ecosystem dynamics for coastal dunes in Southern South America, showing
biotic (green) and abiotic (blue) components of the ecosystem. Threats to the ecosystem are shown in red.
Arrows symbolizes promotion, whereas dots refer to reduction of certain aspect.

Threatening processes

Three major threats currently affect dune systems in Southern South America.
Two of the main threatening processes are the urbanization in Sectors | and IV and
afforestation in Sectors Il and lll. Also, climate change has a significant impact on the
dune system, although the quantification of its severity and extent of occurrence are
still challenging.

Artificialization of the coastal zone was described to have significant negative
impacts on coastal dynamics and has played a remarkable role in Santa Catarina State
(Sector 1) and Argentina (Sector V) (Dadon, 1999; Ferreira et al., 2009). Urbanization
processes affects parts of the ecosystem that border urban areas (, since they block wind
flows and, therefore, hinder sediment transportation (Marcomini & Lopéz, 1997). In
addition, urbanization poses a major threat to groundwater table reservoirs, due to the
extraction of water to supply population demands (Foster et al., 1994). Ratings of
urbanization in coastal areas within this region have been increasing in the last 50 years
(Barragan et al., 2003; de Andrés & Barragan, 2016) and is likely to cause rapid declines

in the ecosystem.
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Figure 3 A. Aerial photograph of a dune system near an urban area in Cidreira, Rio Grande do Sul State.
Source: Coastal Oceanography Laboratory (FURG). Figure 3 B. Urban allotment in Jaguaruna, Santa
Catarina State. Photo: Eduardo Martins.



Afforestation has been described as a major threat to dune ecosystem worldwide
(Sturgess & Atkinson, 1993). It alters the dune landscape, increasing stabilization of dune
fields and changing wind transport rates within the ecosystem and toward the beach
(Marcomini & Ldpez, 2013, Codignotto et al., 2012). It also has negative impacts on
native flora, spreading throughout the dune system with little control (Hill & Wallace,
1989; Lasta et al, 2019). In addition, afforestation reduces groundwater table volume,
causing the drying of dune slacks and resulting in the loss of vegetation (Bakker, 1990,
Capitulo et al., 2018) and affecting dune dynamics (Seeliger et al., 2000). In Rio Grande
do Sul State, afforestation has been accounted as one of the major threats to the State’s
shoreline (Esteves, 2004), occupying 9.5% of the study area in 2018 (unpl. data). On the
other hand, Uruguay has gone under a program to promote afforestation since the
beginning of the twentieth century (Latorre & Canavero, 2014), which occupies 27.6%
of the study area (unpl. data). The species cultivated are mainly flooded gum (Eucalyptus
grandis), blue gum (Eucalyptus globulus), and loblolly pine (Pinus taeda) (Geary, 2001).
Its impacts have a major influence on the dune system borders, but it is potentially
harmful to the ecosystem in general, since artificial forests have a great spreading
potential (Castifiera et al., 2013; Panario & Gutiérrez, 2005). Since the demand for wood
materials worldwide is increasing, it is likely that the reclamation of dunes for
afforestation will increase in the next years (Gautreau, 2010).

Dune coasts are very sensitive to climate changes especially in relation to wind
regime, rainfall, water-table and sea level variations that condition dune activity by
changes in the sand supply to the littoral system (Marcomini & Lépez, 2013). Aeolian
processes and landforms result from the interaction between winds and land surfaces
and changes in atmospheric parameters and surface conditions can potentially modify
transportation patterns. It is still challenging to assess the rate of climate change impact
on the dune ecosystem, since the ecosystem response is known to lag behind climatic
change (Hugenholtz and Wolfe, 2005). Still, it can be assumed that this threat will likely
impact the whole ecosystem, since it is a global phenomenon. Also, climate change is

expected to increase in the next decades, being characterized as an ongoing threat.



ASSESSMENT

Summary
Criterion A B C D E Overall
Regional Ecosystem
Subcriterion 1 DD LC DD DD NE
Subcriterion 2 LC DD DD LC
Subcriterion 2.a DD
Subcriterion 2.b LC
Subcriterion 3 DD LC DD DD
Sector | - Santa Catarina State
Subcriterion 1 DD CR DD DD NE
Subcriterion 2 EN DD DD VU (VU -
Subcriterion 2.a DD EN)
Subcriterion2.b  VU(VU-EN)
Subcriterion 3 DD LC DD DD
Sector Il - Rio Grande do Sul State
Subcriterion 1 DD EN DD DD NE
Subcriterion 2 LC DD DD LC (EN -
Subcriterion 2.a DD LC)
Subcriterion 2.b LC
Subcriterion 3 DD LC DD DD
Sector Il - Uruguay
Subcriterion 1 DD EN DD DD NE
Subcriterion 2 VU DD DD EN (LC-
Subcriterion 2.a DD EN)
Subcriterion2.b  EN (LC-EN)
Subcriterion 3 DD LC DD DD
Sector IV - Argentina
Subcriterion 1 DD LC DD DD NE
Subcriterion 2 LC DD DD LC
Subcriterion 2.a DD
Subcriterion 2.b LC
Subcriterion 3 DD LC DD DD

*Criterion B was not considered on the overall assignment of category for the subsectors, because the
criterion was designed to detect restricted distribution and we know the ecosystem is a continuum that
we split for a matter of understanding local processes. Further information on the respective section.

Criterion A

Current decline: Sand dunes evolved during the Pleistocene-Holocene sea level

fluctuation, limited by water bodies on the continent and by the ocean. Changes in
distribution were assessed using spatial coverage estimates from LANDSAT images from
the USGS repository (U.S. Geological Survey, 2020). In addition, we combined vector

data from MapBiomas (Projeto MapBiomas, 2020), Instituto Geografico Nacional (IGN)



from Argentina and Direccion Nacional de Mineria y Geologia (DINAMIGE, 2017). Four
time periods were analyzed — 1985, 1991, 2000 and 2018 — and changes in distribution
are compiled in Table 1.

Data analysis point for a 45.39% decline in Sector | (Table 1), with the highest
percentage observed between the period of 2000 and 2018. Within this area, urban
expansion is shown to be the major threat to the ecosystem (unpubl. data) and was
responsible for the major decline after 2000’s. Sector Il shows a decline of 13.83% in
distribution, with higher rates of loss between 2000 and 2018, mainly due to the
expansion of silviculture areas within the sector. Sector Il demonstrated 33.32% of
decline in dunes distribution during the period of analysis and had the highest
percentage of decline amongst sectors. In contrast, Sector IV had the lowest percentage
of decline during the period, although it presented the highest decline in area — 20,217
ha. Overall, the total area of decline was 48,593 ha, which represents 16.34% of the sand
dunes ecosystem in the study area. Figure 4 summarizes ecosystem loss from 1985 to
2008, presented in this analysis.

Although the time frame analyzed (between 1985 and 2018) was not sufficient
to subside the application of criterion A1, the rate of decline along the period was used
to project expected changes in the future. In this context, the criterion Al was classified

as Data Deficient for all sectors and the regional ecosystem.

Table 1. Estimated extent and decline (in ha) in distribution of sand dunes on South Brazil, Uruguay and

Argentina
Sector | Sector I
Year (Santa % decline (RioG.do % decline (iifjt:J;:;) % decline (::gc:::iln\;) %decline  Total % decline
Catarina) Sul)

1985 13,364 101,753 24,734 157,498 297,348

-0.45 3.62 14.26 3.91 4.47
1991 13,424 98,073 21,208 151,337 284,042

2.00 4.16 11.07 3.88 4.42
2000 13,156 93,993 18,860 145,468 271,477

44.53 6.71 12.56 5.63 8.37
2018 7,298 87,684 16,492 137,281 248,754
Total decline
(ha) 6,066 14,069 8,242 20,217 48,594
Total %

decline 45.39 13.83 33.32 12.84 16.34
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Figure 4. Change in distribution of sand dunes ecosystem between 1985 and 2008 on the four sectors
analyzed.



Future decline: Based on the trends of decline on ecosystem distribution we estimated

rates of decline until 2035 (50-year period) for each sector (Table 2). We analyzed two
different scenarios — (1) linear decline; and a (2) polynomial decline in distribution.
Linear decline c

Results show that Sector | is projected to decline 30.85% in scenario 1 and
57.07% in scenario 2 until 2035. Based on the projections, Sector Il is likely to decline
from 16.36% (scenario 2) to 20.78% (scenario 1). Sector lll is projected to decline 21.76
- 50.9%, according to the scenarios, and Sector IV is likely to decline 13.37 — 19.38%.
Overall, the regional dune system is projected to decline from 17.05% (scenario 2) to

22.99% (scenario 1) in a 50-year period, from 1985 to 2035 (Figure 5).

Table 2. Projections of ecosystem distribution by sectors and total, from 1985 to 2035. Projections based on
linear (Scenario 1) or polynomial (Scenario 2) calculations.

1985 (ha) Sce;g;l;) 1= Decline Sce;g;’l;) 2-  Decline
Regional 297,348 228,958 22.99% 246,624 17.05%
Ecosystem
Sector | 13,364 9,241 30.85% 5,736 57.07%
Sector I 101,753 80,605 20.78% 85,101 16.36%
Sector Ill 24,734 12,143 50.90% 19,352 21.76%

Sector IV 157,498 126,969 19.38% 136,435 13.37%
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Figure 5. Projections of ecosystem decline between 1985 and 2008 of the regional ecosystem and by
sectors, according to linear and polynomial calculations.

It is important to highlight that, linear projections are more conservative, since
it is based on the actual trend observed on current analyzed data; whereas polynomial
projections are influenced by larger variations and, therefore, reflect more severe
alterations in the ecosystem. Overall, the polynomial projection (scenario 2) has
demonstrated to be closer to the observed transformations over the analyzed period,
except for Sector |. This sector has shown a large decrease over the period between the
years of 2000 and 2018 (44.53%), which have deeply influenced the projection for 2035.
In this context, although the category assignment should be based on the
“precautionary principle” (Keith et al., 2013), scenario 1 should be considered as the
most likely scenario according to the data analyzed. Therefore, Sector | was classified as
Vulnerable under criterion A2b. Sector Il was classified as Least Concern, for both
scenario 1 and scenario 2.

According to the analysis performed, Sector Il demonstrated a high level of
uncertainty between the two scenarios. Scenario 1 is likely to be influenced by the high

levels of decline in the first period (1985 -1991), although it had shown a decrease in the



observed decline percentage on the most recent periods. On the other hand, scenario 2
suggests a small recovery of the ecosystem within next years, influenced by the decrease
on decline rates. In this sense, Sector Ill was classified as Endangered under criterion
A2b.

Finally, Sector IV as Least Concern and the regional ecosystem was classified as

Least Concern under criterion A2a.

Historical decline: No estimate of a long-term reduction in spatial extent exists for the

Southern South America dunes since 1750. The status of the ecosystem is Data Deficient

under criterion A3.

Criterion B

Extent of occurrence (B1)

B1 subcriterion measures the spread of risk over a contiguous area that encloses
all occurrences using a minimum convex polygon. The minimum convex polygon (MCP)
draws the smallest polygon around a certain distribution of points with all interior angles
less than 180 degrees (Figure 6). First, all areas previously classified as dune fields in 2018
were selected. In this selection, the “minimum bounding geometry” tool in the Esri’s
ArcGIS software was applied, considering a CONEX HULL geometry, which guarantees
that the internal angles of the formed polygon will have less than 1802. The tool was
applied to the entire length of the dune field ecosystem and to each sector assessed.

According to the results, Sector | was classified as Critically Endangered by
criterion Bl.b, since threats in this sector — such as urbanization and climate change —
are likely to affect ecosystem distribution in the next 20 years. Sectors Il and Ill were
considered as Endangered, and likely to decline due to the major threats (afforestation
and urbanization) in the next 20 years. Sector IV was classified as Vulnerable due to the
extent occupied (48,255 km?) and the current decline rate within the next 15 years

(13.37 — 19.38%). Still, the regional ecosystem was classified as Least Concern.



Table 3. Area occupied by the regional ecosystem and each sector on the minimum convex polygon.

Sector Area (km?)
Regional Ecosystem 180,425
Sector | 924
Sector Il 18,738
Sector Il 11,332
Sector IV 48,255

Criterion B1
Restricted geographic distribution
Extent of a minimum convex
polygon (km?)
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Figure 6. Minimum convex polygon for the study area.

Area of Occurrence (B2)

The Area of Occupancy - AOO (subcriterion B2) of an ecosystem defined in the
RLE is determined by counting the number of 10x10 km grid cells that contain the
ecosystem (Bland et al., 2017). First the study region was divided into 10 x 10 km cells
and then cells containing dune fields were counted using the Esri ArcGIS software “select
by location” tool (Figure 7). Very small patches of dune fields contribute almost nothing

to minimize the risk of loss of spatial distribution, so only cells with more than 1 km? of



dunes have been counted, as recommended by the IUCN methodology.

Results demonstrated that Sector | was classified as Endangered by criterion
B2.b, due to the observed threatening processes identified on this sector. In addition,
Sector Ill was classified as Vulnerable by the same criterion, with threatening processes
directly affecting the sector, as demonstrated above. Sectors Il, IV and the regional

ecosystem were classified as Least Concern under the B2 criterion (Table 4).

Table 4. Number of grid cells occupied by the regional ecosystem and each sector.

Sector Nt.xmber of 10><?0 km
grid cells occupied
Regional Ecosystem 201
Sector | 16
Sector Il 79
Sector Il 32
Sector IV 74
il 5470072 _agen _ Criterion B2

Restricted geographic distribution
Number of 10x10 km grid cells
occupied by the ecosystem

South America

RS
2 Assessment Region
3 / <5
.;‘/ uy
&
AR
y i _§ /
e

uy

AR ¢ i
Geographic Coordinate System

Harizental Datum: SIRGAS 2000

" L ; Imegem Credits: ESRI, Garmin, NOAA ard athers

-38,c2379

Legend

@ oune teis
Cabs gocupied by mare e 1 47 of dune fiekis

iy Cels occupied by dune fisids

i /

3 ) ssvaCatanna

2 (L] RioGeanda do Sul
! =
/ Acgenting
Unugusy
uy
oS-
== 7
et
S — Vs
4 ,)‘
&, i
b v
% /‘;
4
0 95 190 380 Failh

Figure 7. Number of 10x10 km grid cells occupied by the ecosystem



It is important to highlight that the sectorization performed in this study aimed
at comprising different management strategies across three countries and threats over
each sector. However, the regional ecosystem is formed by a continuum of sand dune
fields and should be assessed as single feature under criterion B. Therefore, the results
demonstrated for each sector was not accounted in the overall category assignment.

In addition, criterion B3 was not applied on this study case, since it was not
possible to define a small number of threat-defined locations across the entire

ecosystem.

Criterion C

Dune formation is conditioned to three main aspects: (i) sediment availability, (ii)
aeolian movement with sufficient energy to transport available sediment, and (iii)
adequate topographic and climate characteristics for a long-term accumulation of
sediments (Pye & Tsoar, 2008).

For the first aspect, the assessment would be performed through the estimation
of input and output of sediment availability into the system. In order to quantitatively
estimate the volume of sediment throughout time, a geological temporal series of data
is needed. However, this dataset is not available nor estimated in the scientific literature
for the entire study region.

For the second aspect, there is a need for a continuous temporal wind dataset
for the region. Still, the distribution of anemographs and meteorological stations along
the study area is sparse and the use of the respective information is often associated to
the interpolation and modelling of discrete data. In addition, downscaling of global
models is uncertain, especially regarding the impacts of climate change in local dynamics
and processes. Therefore, it was not possible to use wind data as a proxy for modelling
sediment balance throughout the ecosystem.

Finally, the third aspect could not be accessed due to the highly dynamic nature
of the ecosystem. Dune topography can be influenced by extreme events (such as
storms surges) and/or by long-term climate changes (such as global warming). Still, as
outlined above, global climate change impacts on local and regional dynamics is highly
uncertain, particularly on wave, current and wind patterns. In addition, dune

topography may be affected by inland dynamics, such as the growth of urbanization



towards the dune. In combination with coastal erosion it creates an effect named
“coastal squeeze” (Pontee, 2013) which is still hard to quantify.
In this context, an environmental degradation analysis could not be performed

in this study. Therefore, the status of the ecosystem is Data Deficient under criterion C.

Criterion D

Colonization of ruderals and other invasive vegetation species is one of the main
outcomes of biological degradation processes in the ecosystem. Changes in plant species
abundance and richness would therefore be suitable proxies for biotic degradation.
Quantitative analysis of changes in species composition were performed regionally
(Seeliger et al., 2000; Seeliger, 2003; Fontana, 2004; Monserrat et al., 2012), but such
data was insufficient to assess species richness and abundance within the entire
ecosystem.

In addition, faunal species that occurs along the entire ecosystem are scarce.
Population assessment of cosmopolitan bird species such as the American
Oystercatcher (Haematopus palliatus) would be an adequate proxy for biotic disruption.
However, regional assessments of this species concentrate on the northern hemisphere
(Kushlan et al., 2011; Hayes et al., 2006; Nol et al., 2012; Palacios et al., 2017), with no
studies found for the study area.

Therefore, disruption of biotic processes and interactions was not accessed
for this ecosystem. Thus, the ecosystem is classified as Data Deficient under
criterion D.

Criterion E

Criterion E was not assessed in this evaluation and, therefore, is classified as

Not Evaluated.
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