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Abstract: Wetlands are periodically flooded terrestrial and aquatic environments, which provide
benefits to a community known as ecosystem services (ESs). This research identified, classified, and
spatialized the level of relevance of ecosystem services provided by wetlands in the Galinhos-
Guamaré semi-arid estuarine system, State of Rio Grande do Norte, Northeast Brazil. ESs were an-
alyzed using the Common International Classification of Ecosystem Services (CICES), v.4.3, and
geographic information system (GIS) using a mosaic of Sentinel-2A images. The services provided
by wetlands were classified into provision, regulation and maintenance, and cultural sections, with
six divisions, 12 groups, and 22 classes being identified. The capacity of a number of wetlands to
provide services was identified in 34 mangrove forests, 32 estuaries, 30 tidal flats, 26 solar saltworks,
23 apicum (tidal flats), and seven in shrimp ponds. However, it is noteworthy that these habitats
are associated with ecosystems with great ecological, socioeconomic, and cultural importance,
where the general approach presented here requires more detailed research in each macrohabitat,
which should be considered as a priority for conservation.
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1. Introduction

Wetlands are terrestrial and aquatic transitional environments, which can be artificial
or natural in origin, continental or coastal, and because they are flooded areas, their fauna
and flora have adapted to this condition [1]. In Brazil, these ecosystems are distributed
throughout the country, representing approximately 20% of the national territory. The
largest wetland areas are concentrated in the northern and central-western regions of Bra-
zil, mainly in the Amazon and Pantanal regions [1,2].

In the Northeast Region of Brazil, the wetlands located on the semiarid coast are sub-
ject to hydric dynamics from the tides and seasonally hypersaline estuaries (flood pulses),
with precipitation above the 800 mm/year average [1,3,4]. The estuarine and coastal wet-
lands provide various ecosystem services (ESs) to mankind [5-7], which are identified as
tangible benefits from natural resource fluxes and intangible benefits associated with hu-
man values and behaviors as well as for human well-being [8].
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However, when a coastal zone is intensely occupied by human activities, the ecosys-
tems can be threatened and vulnerable to degradation and ES loss. It is important to con-
serve and maintain the ESs of these wetlands as they perform important functions from a
biological, physical, and social perspective [1].

Studies have recently been undertaken on the semiarid coast of Brazil, encompass-
ing the Rio Grande do Norte estuarine systems from the Apodi-Mossor¢ River, Piranhas-
Acu River, lacustrine, and fluvial-lagoon systems [4,6,9,10]. The wetlands from this coast
are classified as coastal hypersaline wetlands [4], however, there have been no ES studies
fundamental to guiding the spatial planning and coastal management of wetlands in these
areas, specifically in the Galinhos-Guamaré estuarine system.

This research aimed to identify and classify the wetlands and ecosystem services pro-
vided by the Galinhos-Guamaré semi-arid estuarine system, Rio Grande do Norte, Brazil.

2. Materials and Methods
2.1. Study Area

The Galinhos-Guamaré estuarine system, State of Rio Grande do Norte, Northeast
Brazil is localized at 36°22'17.30” W and 36°10'16.38” W, 5°5'13.10" S, and 5°9'5.75" S. Wet-
lands such as mangrove, estuary, tidal flats, solar saltworks, and shrimp ponds present in
the study area (Figure 1) are directly related to the combination of environmental factors
such as a semi-arid climate, with temperatures above 28 °C, pluviometric precipitation
below 600 mmy/year, high evaporation rates (>2500 mm/year), intense sunlight with 2.500
h/year, strong winds ranging from 4.8 to 7.7 m/s, and a semidiurnal and mesotidal regime

[4,11-13].
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Figure 1. The land use and cover change in the Galinhos-Guamaré estuarine system.

The mangrove ecosystem was separated into two specific macrohabitats: apicum and
mangrove forest. This ecosystem is located in fluvial-marine plain areas. The vegetation
in this ecosystem is adapted to saline environmental conditions and tidal flooding. The
soil is characterized as sandy-argillaceous, saturated with water, and rich in nutrients and
organic matter [14].

The apicum, also known as a hypersaline plain, is a supratidal zone in the transition
between mangrove forests and the adjacent areas (such as restinga), which flood with sea-
water during spring tides. In these plains, the water negative balance results in the natural
formation of salt crusts. The vegetation is composed of halophytic herbaceous species, and
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apicum has become an important area from an economic point of view, given that it can
be occupied by solar salt fields [15] and shrimp farming.

The estuary ecosystem was delineated as a macrohabitat corresponding to all of the
flooded areas from the main channel during the spring and neap tides excluding the man-
grove forest area. On the semiarid coast of Brazil, freshwater input to the estuary occurs
during the rainy season, causing a seasonal longitudinal salinity stratification between the
mouth and fluvial estuary limit [16-19]. On the other hand, during the dry season, the
water balance (rain + low influx, fluvial —evaporation) is negative. During this period, the
eventual groundwater input can be observed near the coast [17]. The negative water bal-
ance facilitates tide currents entering the channels for long distances from the mouth, and
estuary water is hypersaline, characterizing this environment as a negative estuary
[11,15,18,20,21].

In the anthropogenic wetland system [1], there is no definition for subsystems and
subclasses, only for macrohabitats, which for the studied area were identified as solar salt
and shrimp ponds, built primarily over apicum areas. In terms of the anthropogenic solar
saltwork macrohabitat, these represent artificial ecosystems, where the production of sea
salt is only possible thanks to favorable environmental conditions such as strong insola-
tion, a flat topography, the argillaceous texture of the fluvial-marine plain, constant
winds, and low pluviometry typical of a semiarid climate [4]. For solar salt production,
water is collected from the estuary or the sea, which is periodically transferred between
the interconnected evaporator ponds, gradually reducing in area and depth as the saline
saturation increases. Finally, the brine is transferred by gravity or pumping to shallow
crystallizing ponds where halites form by geochemical precipitation [22].

Shrimp ponds (shrimp farms) represent another anthropogenic macrohabitat with a
prominent position in the economic Potiguar coast [23]. Brazil is ranked among the 10
largest shrimp producers in the world, with the Northeast Region standing out in terms
of production, having started its activities in the 1970s [24-27]. In geomorphological terms,
most of these ponds were built on fluvio-marine plains due to their granulometric argil-
laceous constitution, which favors a reduction in water loss through infiltration due to
their low permeability. Many of these ponds occupy old abandoned solar saltwork areas
[4], although some were also built, occupying apicum and some mangrove forest sections.

2.2. Methodological Procedures

For the development of this study, bibliographic and cartographic reviews were car-
ried out. The wetland classification was based on the Ramsar Convention in systems, sub-
systems, subclasses, and macrohabitats [28], adapted for Brazilian Wetlands [1], and, more
specifically, their framing of coastal hypersaline wetland areas, in the case of the solar
saltwork macrohabitat [4].

ESs were identified through literature reviews and an in situ checklist using the Com-
mon International Classification of Ecosystem Services (CICES) —v. 4.3, where the hierar-
chical levels start from a general to more specific, divided into three sections: provision,
regulation and maintenance, and cultural [8]. For each of these general classifications,
there are subdivisions (section, division, group, and class) of ES that occur in macrohabi-
tats [29,30].

A database integrated with a geographic information system (GIS) realized a mosaic
of images from the Sentinel-2A satellite (MSI sensor, orbit 52, numbers T24MYV and
T24MZV, 11 July 2018 and 28 October 2018, respectively), datum SIRGAS 2000. The vector
files for both the elaborated files referred to the wetland areas. Satellite images were pro-
cessed into QGIS version 3.10.14 [31]. OpenOffice Spreadsheets v.4.1.5 were used to store
and tabulate the metadata.

The spatialization was performed based on the methodology of the ES matrix [32],
previously applied in a mangrove environment [7], which mapped the services based on
the sum of the number of services identified in an area with a vector file (in polygon for-
mat). For this, the assembled GIS was accessed, and the attribute table from the mapped
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polygons was modified, inserting the total values of each identified service group. There-
after, the relevance of the provision ES in each polygon was classified, where the total
values were grouped into six classes with a ranking ranging from 0 to 5: no capacity —0;
low capacity —1; relevant capacity —2; average capacity —3; high capacity —4; very high
capacity —5 (Figure 2). For each level, the data collected by specialists from the total ES
habitat were inserted in the attribute table of polygons. After this step, these data were
randomized in a new legend with six intervals of relevance, resulting in the ES matrix.
In QGIS: layer properties > symbology > graduated > value (ES for group) > six classes >
mode: equal interval > classify.

Capacity ES
ES, | ES,
1
Macrohabitats
mapping M;
No relevant capacity (0)
Low capacity (1)
Relevant capacity (2) M; 1

ES matrix linking macrohabitats
with ESrankings

Scale for ranking ES capacity

Figure 2. The ES matrix approach, based on macrohabitat mapping. Source—Adapted [32].

To weight the levels of the relevance of each macrohabitat, consultations were
carried out with specialists with works already published in the region under study.
From the queries, each one elaborated a specific ranking for each type of service,
which was inserted in the attribute tables. This methodology was followed as indi-
cated by Jacobs and Burkhard [33] in the reference work for this point of the Burkhard
and Maes [30].

Applying expert knowledge for ES quantification represents a highly effective
way of filling in missing data to obtain a dataset, which allows for the creation of a
map. They provide quick access to a broad range of knowledge and comparable ES
maps can be obtained in a relatively cost-efficient way, ensuring the local or topical
validity of the maps created, efficiently generating results [33].

Expertise and specialists were chosen by these questions:

1. Experts from policy and administration commissioning the project;

2. Experts from the end-user side concerning the format and requirements of the
map;

3. Technical expertise in policy and defining client demand for product develop-
ment;

4. Technical expertise in stakeholder analysis and participation of special groups.
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3. Results and Discussion
3.1. Identification of Ecosystem Services

According to the classification system of wetlands, the areas analyzed can be classi-
fied as marine and anthropogenic wetlands, where the former are subject to the impacts
of predictable short-term tidal pulses (Table 1). Six macrohabitat types were identified: (1)
natural macrohabitats: mangrove forest, apicum, estuary, and tidal flat; (2) anthropogenic
macrohabitats: solar saltworks and shrimp ponds (Figure 1).

Table 1. The classification of wetland areas in the Galinhos-Guamaré estuarine system.

Systems Subsystems Subclasses =~ Macrohabitats  Area (km?)
Wetlands subject to the Mangrove forest 18.90
Coastal impacts of predictable Marine Tidal flat 10.1
wetlands short-duration tidal wetlands Estuary 9.7
pulses Apicum 9.6
Anthropogenic Solar saltworks 31.0
wetlands ] i Shrimp ponds 6.4

Source—Adapted [1].

Based on the adopted taxonomic system (Common International Classification of
Ecosystem Services —CICES), ecosystem provision services including products and mate-
rials obtained from ecosystems were subdivided into ‘nutrition’, ‘materials’, and ‘energy’
(Table 2). In the ‘nutrition” division, the biomass group is further divided into ‘animals,
the use of animals for direct usage or transformation’ and ‘aquaculture animals’ classes.
Thus, in the ‘animals and aquaculture animals’ class, the capture of crustaceans (crabs,
soft-shell crabs, and shrimp) and mollusks, which are used for consumption in local com-
munities, was identified in the mangrove forest and tidal plains. In the estuary, the prac-
tice of fishing for saltwater fish also exists, where shellfish and soft-shell crabs are also
collected from its banks and tidal plains, with this being an important source of protein.

Table 2. The ES classification of the provision section, Galinhos-Guamaré estuarine system.

Section Division Group Class Apic. S.Ponds Estu. Man.F T.Fl. Sol. Sal.
Animals X X X X
. Use of animals for direct
. Biomass . X X X X
Nutrition use or processing
Aquaculture animals X
Water Sea or estuarine water X X X X
Fibers/materials from plants
and animals for direct or X X X X X X
g Biomass transformation uses
Kz Materials, plants and ani-
5 . . X X X
° Materials mals for agricultural uses
- Non-potable sea or
, X X X X
estuarine water
Water
Non-potable subterranean
X X X
water
Biomass-based Plant-based resources X X X
energy sources  Animal-based resources X
Energy X I -
Mechanical en- Energy from biotic and abi- N N N N

ergy otic factors

Legend: Apic—apicum; S. Ponds—shrimp ponds; Estu—estuary; Mang. F—Mangrove forest; T.
Fl—tidal flat; Sol. Sal. —solar saltworks; x —presence of ES.
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In terms of artificial ecosystems, shrimp ponds were one of the practices from the
‘aquaculture animals’ class with the farming of shrimp in captivity. In the nutrition divi-
sion, the biomass group was included, as fishing in the initial evaporation ponds also
takes place in the solar saltworks. This occurs because the ponds intake water from an
estuary or directly from the sea, bringing fish and crustaceans in their juvenile phase, de-
veloping stable populations in these environments [4]. These populations represent a fish
stock that is a source of animal protein and livelihood for many families in local commu-
nities [5]. The final sector (crystallization ponds) provides the formation of sea salt (hal-
ites) completely through natural processes involving physical (brine evaporation by solar
radiation and winds as well as temperature maintenance during the night through argil-
laceous substrates) and biological (halobacteria that contribute to heating the brine above
the natural level due to their dark reddish color) aspects from the environment [4]. Ob-
taining this product, which has been widely and historically used in human and animal
nutrition, is also considered as an important nutritional ecosystem service [5].

In solar saltworks, the “use of animals for direct use, exploration, or transformation’
classification was based on the use of the microcrustacean Artemia sp. (Crustacea, Anos-
traca), which is manually harvested from saltworks and used to feed marine shrimp dur-
ing their juvenile phase in shrimp ponds [5].

Specifically in areas with mangrove forests, the ESs from the ‘fibers/materials from
plants and animals for direct use or transformation’ class were related to the use of wood
extracted for the construction of temporary accommodation for fishermen as well as uten-
sils used in fishing (e.g., oars, rods, etc.). The group ‘water’, also found in the materials
division, highlighted the use of sea or estuary water for the operation of solar salt fields
and shrimp ponds. To conclude the provision section, the ‘energy’ division was charac-
terized by biomass-based energy sources (e.g., using wood material for combustion to
cook food by fishermen and shellfish gatherers).

In the second section, regulation and maintenance services, Table 3, which shows the
benefits obtained from natural processes that regulate environmental conditions, were di-
vided into three divisions: waste mediation, flow mediation, and the maintenance of phys-
ical, chemical, and biological conditions.

Table 3. The classification of ESs for the regulation and maintenance of the Galinhos-Guamaré es-
tuarine system.

Section

Division Group Class Apic. S.Ponds Estu. Man. F. T. FL. Sol. Sal.

Regulation and maintenance

Bioremediation by micro-

. L organisms, plants, algae X X X X X
Biota mediation & ,p. , 4%8as
and animals

Filtration, sequestration

Waste me- Filtration, sequestration  x X X X
diation Dilution by water,
fresh water, and X X X X X

Ecosystem mediation .
marine ecosystems

Mediation of scents, noise,

. . X X X X
and visual impacts
Mass stabilization and
. X X X
Mass flows erosion rate control
. Attenuation of mass flows  x X X
Flow medi- -
. Hydrological cycle and
ation L. i X X X X X
Liquid flows water flow maintenance
Flood protection X X X X X

Atmospheric flows Storm protection X
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Ventilation and

L X X X X X
perspiration
Maintenance of the Pollination and seed
. . . X X X X
life cycle, habitat, dispersal
and gene bank pro- Maintenance of nurseries
. . X X X
tection and habitats
Pest and disease con- Pest control X
. trol Disease control X X X
Mainte- -
Weathering process X
nance of . . o "
) Soil formation Fixation decomposition
physical, X X X X X
. process
chemical, -
. Freshwater chemical
and biolog- . X X X X
. ) . condition
ical condi-  Water condition .
. Saltwater chemical
tions . X X X X X
condition
Global climate regulation
Atmosphere compo- to reduce the concentra-  x X X X X X
sition and climate  tion of greenhouse gases
regulation Micro and macro-regional
X X X

climate regulation

Legend: Apic—apicum; S. Ponds—shrimp ponds; Estu—estuary; Mang. F—mangrove forest; T.
Fl—tidal flat; Sol. Sal. —solar saltworks; x —the presence of ES.

The first “division” was classified as ‘waste mediation’, where the ‘bioremediation’
class consisted of microorganisms and microalgae that perform biochemical detoxifica-
tion, in which the micro-crustacean Artemia sp. (Crustacea, Anostraca) population from
the solar salt fields stood out. The Artemia species acts as a brine biological filter and me-
tabolizes large amounts of organic matter that could harm salt production, where its re-
mains and feces are incorporated into benthic substrates, serving as food for the halobac-
terial populations of crystallizers [5].

Services provided by mangrove forests stood out in the ‘mass, liquid, and atmos-
pheric flows” group, easing the erosion of estuary margins and stabilizing the sediments
suspended in water, when the regulation and maintenance services were subdivided into
the “mass flow’ division [26]. The mangrove ecosystem also acts to minimize the intensive
action of tides during potential floods or rains, serving as coastline protection and shelter
for animals in the event of a storm.

The ‘flood protection’ class, which depends on the natural efficiency of the mangrove
in protecting the coast against recurrent storms and other natural disasters, since this eco-
system can absorb a significant amount of water, reducing floods, and acting as a wind
and wave barrier, was also mapped [34,35].

The ‘maintenance of physical, chemical, and biological conditions’ division, divided
into the ‘maintenance of the life cycle and habitat’ and “pollination and seed dispersal’
groups, in which mangroves [33], and to a lesser extent solar salt fields [5], are a nursery
and refuge for species. In these two ecosystems, the reproduction of species such as birds,
crustaceans, and juvenile fish have been verified. In addition to being a habitat for migra-
tory birds and many endemic species that use the mangrove, together with the decompo-
sition of leaves, these help to enrich the substrate, also classifying these ecosystems in the
‘soil formation” group. Finally, the climatic regulation that ecosystems provide helps re-
duce the concentration of greenhouse gases through carbon sequestration, and together
with sea and land breezes alleviates the temperature and humidity, leaving the environ-
ment with greater balance and climatic stability.
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For ESs in the cultural section (Table 4), which was associated with human values
and behavior, the ‘intellectual and symbolic interactions” and “physical and intellectual
interactions with ecosystems’ divisions stood out. This was followed by the ‘existence
value’ class, which was associated with feelings of well-being provided by the existence
of plants and animals in ecosystems, for example, in addition to the ‘legacy’ class where
the population thinks sustainably, so this may also take advantage of these resources.

Table 4. The classification of cultural ESs from the Galinhos-Guamaré estuarine system.

Section Division Group Class Apic. S.Ponds Estu. Man.F. T.FL. Sol. Sal.
Intellectual and ~ Spiritual or Symbolic X X X X X X
symbolic interac- emblematic Sacred or religious X X X
tions with the Existence X X X X X
Others
ecosystem Legacy X X X X
— Physical and  Use of plants,
5 experiential animals, and X X X X X
'5 Physical and in- _interactions landscapes
tellectual interac- Scientific X X X X X
. . Intellectual .
tions with the Educational X X P X X
and repre- ;
ecosystem . Cultural heritage  x X X X X
sentative in- -
. Entertainment X X X X X
teractions -
Aesthetic X X X X X X

Legend: Apic—apicum; S. Ponds—shrimp ponds; Estu—estuary; Mang. F—mangrove forest; T.
Fl—tidal flat; Sol. Sal. —solar saltworks; x —presence of ES.

In turn, the ‘physical and experiential interactions’ group used landscapes to elicit
feelings of well-being in an individual, where there was an ‘admiration for the place’,
while the group ‘intellectual and representative interactions” was subdivided into five
classes: scientific, educational, cultural heritage, entertainment, and aesthetic. From a sci-
entific perspective, all wetland ecosystems are study targets, where these are the object of
investigation by researchers, for example, in scientific articles, coursework, dissertations,
and theses [19,36—42].

In the educational class, both the Galinhos and Guamaré municipalities are used by
the state and higher education public and private education networks, so that students
may know a reality different from their own, thus providing enriching experiences from
the scientific, cultural, and social point of view. In terms of entertainment, this helps im-
prove the physical and mental health by, for example, admiring the aesthetic landscape
diversity and promoting ecotourism. In addition to the aesthetic, these landscapes are a
source of inspiration for local culture, the production of canvases, paintings, poems, and
photographs, among others [7]. Moreover, the wetlands become a scenario constituted of
a set of ecosystems that form a cluster of rich scenic beauty with great interpretive poten-
tial.

3.2. Spatialization of Ecosystem Services

The wetlands identified in the Galinhos-Guamaré estuarine system were seen to pro-
vide various ESs for the provision, regulation and maintenance, and cultural categories,
with results similar to those identified in the Piranhas-Acu estuarine complex [7], which
is situated nearby on the same semiarid coast. In terms of the relevant capacity of each
wetland to provide services, a matrix was created based on literature revisions, a checklist,
and observations, with the estuary, mangrove forest, tidal flats, and solar saltworks being
the most relevant in an overall analysis (Table 5). The wetland areas presenting the lowest
performance were shrimp ponds, perhaps because their dynamics as an economic activity
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generally cause environmental pressures by their operation, involving the total emptying
of shrimp fishing ponds [27].

Table 5. The ES matrix of the Galinhos-Guamaré estuarine system.
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The relevance of the provision of ESs from the provision, regulation and mainte-
nance, and cultural sections is the result of linking macrohabitats with the ES rankings,
according to Tables 2—4. From this, the ES provision capacities have been shown to vary
between each division according to the wetland area. Thus, the categories established by
CICES were individually applied for ES mapping and provided a basis for the analysis.

As for the ‘nutrition” division from the provision services (Figure 3A), shrimp ponds
and solar salt fields were observed to have a very high capacity for service provision, es-
pecially in the animals used for direct use or processing, aquaculture animals, and sea or
river water classes. The mangrove forest and estuary presented an average relevant ca-
pacity. On the other hand, the tidal plains and apicum presented a low relevant capacity
and no relevant capacity, respectively, to the nutrition division.

In the materials division (Figure 3B), mangrove forests and tidal flats showed very
high relevant capacity, followed by the apicum, with an average relevant capacity. Estu-
ary and shrimp ponds were spatialized as low relevant capacity, whereas solar salt fields
showed no relevant capacity. Regarding the ‘energy’ division (Figure 3C), the estuary had
a very high relevant capacity and apicum relevant capacity. The wetlands mangrove for-
est, tidal plain, and solar saltworks presented a low relevant capacity. However, shrimp
ponds were classified with no relevant capacity.
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Figure 3. Spatialization of the relevant capacity of the provision section by macrohabitat from the
Galinhos-Guamaré estuarine system ((A) —Nutrition E.S.; (B)—Material E.S.; (C) —Energy E.S.)

In terms of the waste mediation division (Figure 4A) of the regulation and mainte-
nance section, almost all wetlands presented a very high relevant capacity including man-
grove forests, tidal flats, estuaries, and solar salt fields. The apicum provided a low rele-
vant capacity, and the shrimp ponds presented no relevant capacity.

Mangrove forests and tidal flats and apicum obtained a very high relevant capacity
for ES provision in the flow mediation division (Figure 4B) from the identified ESs. Estu-
aries presented average relevant capacities of great importance for the Galinhos-Guamaré
estuarine system. However, solar salt fields obtained a low relevant capacity, whereby
they protected the coastal zone from flooding and were sources of natural ventilation.
With only one service provided (hydrological cycle and water flow maintenance), shrimp
ponds were shown to be a wetland with no relevant capacity compared to other wetlands.
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Figure 4. Spatialization of the relevant capacity of the regulation and maintenance section by macro-
habitats from the Galinhos-Guamaré estuarine system. ((A)—Waste mediation E.S.; (B)—Flow me-
diation E.S.; (C)—Physical, chemical and biological maintenance E.S.).

Regarding the “‘maintenance of physical, chemical, and biological conditions” division
(Figure 4C), the wetlands comprising the estuary, mangrove forest, and tidal plain had
very high relevant capacity. The apicum was considered to have a high relevant capacity
as it provides services that are important to maintain the environmental conditions of the
studied area. However, solar salt fields and shrimp ponds were classified into no relevant
capacity, with three and two ESs identified, respectively.

When it comes to cultural ecosystem services, area mapping showed the importance
that wetlands represent for communities that comprise the Galinhos-Guamaré estuarine
system. In addition, the estuary, mangrove forest, and solar salt fields presented a very
high relevant capacity in the ‘intellectual and symbolic interactions with the ecosystem’
division (Figure 5A), characterized by having a symbolic, sacred character, a feeling of
existence and legacy by families.



Coasts 2022, 2, 12

255

36°22/12"W 36°16/12"W 36°10'12"W

2] filaniic O i |2
= Atlantic Ocean | <
o Ry
o o
v vy

Intellectual and symbolic interactions
v | with ecosystems v
g. Low relevant capacity g
S, Average relevant capacity Bk L

I Very high relevant capacity i ]
© i <
% .<¢.. 5
o b
4 kg
v vy
£ | Physical and intellectual interactions ¢
S with ecosystems 1S
S No relevant capacity °
i g ; 25 5km [

I Very high relevant capacity

36°22'12"W 36°16'12"W 36°10'12"W

Figure 5. Spatialization of the relevant capacity of the cultural section by macrohabitat from the
Galinhos-Guamaré estuarine system ((A)—Intellectual and symbolic interactions with the ecosys-
tem’ E.S.; (B) —Physical and intellectual interactions with the ecosystem E.S.).

Tidal plains represented an area with high relevant capacity for the provision of cul-
tural services. However, apicum and tidal flats presented an average relevant capacity,
while shrimp ponds were defined as no relevant capacity areas, even with representation
for local communities, as two cultural services were identified as symbolic and existence.
Furthermore, the history of the state of Rio Grande do Norte is inherent with that of ma-
rine shrimps, being a local name given to those born in the state (shrimp eater). Therefore,
the activity of shrimp farms is a cultural ecosystem service.

In terms of the ‘physical and intellectual interactions with the ecosystem’ division
(Figure 5B), practically all wetlands in the Galinhos-Guamaré system had a very high rel-
evant capacity, except for shrimp ponds, which had a no relevant capacity, even listing
four ESs: scientific, educational, entertainment, and aesthetic.

4. Limitations of the Work

The authors state that this research was mainly carried out using GIS mapping of
ecosystem services. There is a need for more detail about the alternative consequences of
the same area/habitat uses. Trade-offs in human uses may be further studied and under-
stood for a better application of the results of this research on coastal management.

5. Conclusions

From this study, the ES capacities were seen to vary among the macrohabitats of the
Galinhos-Guamaré estuarine system, which allowed for the identification of potential ES
provision areas and those of great importance for the provision, regulation and mainte-
nance, and cultural services on a local scale. In terms of the capacity and relevance of the
services provided by each macrohabitat, the elaborated matrix showed that estuary, man-
grove forests, and estuary and tidal flats provided the most relevant services, and shrimp
ponds presented the lowest performance. These results for the Brazilian semiarid coast
confirm the studies of others and can contribute to national coastal planning.
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With many of these services, both natural and anthropogenic macrohabitats present
different capacities to provide ESs, often varying significantly among macrohabitats.
However, it is noteworthy that these habitats are associated with ecosystems with great
ecological, socio-economic, and cultural importance, whereas the general approach pre-
sented here requires more detailed research on each macrohabitat such as the investiga-
tion of quantitative and statistical data.
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