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Abstract: Seascape mapping is critical to understanding ecosystem services and managing areas
with potential for fishing, power generation, mining, and tourism. Despite advances in marine
geophysics, the necessary equipment to make underwater cartography can be expensive and
requires a certain degree of specialization. In areas with scarce data, ethnomapping can be used for
the elaboration or complementation of marine cartography. In addition, it provides information
about the nature, concepts, phenomena, and nomenclatures attributed by the local population. The
aim of this study was to integrate the knowledge of artisanal fishermen from NE Brazil into the
mapping of seascapes, validating the obtained cartography with scientific sampling. Focus groups
were used to promote an open discussion of local users’ knowledge about seascapes and their
importance for local fisheries. After analyzing, it was possible to correlate the products of
participatory mapping with the scientific data available in the literature, resulting in the seascape
ethnomap. Nine seascapes relevant to subsistence fisheries were identified. The mapping of
seascapes and fauna captured by indigenous fishermen was similar to that produced from
preexisting geology, geomorphology, and fishing data. This validated the methodological protocol
and the importance of the participation of local populations in coastal conservation and
management activities.

Keywords: geomorphology; focus group; habitat mapping; ecosystem service; ethnocartography

1. Introduction

One of the essential tools for coastal conservation planning is habitat mapping. To
put forward legal actions such as management and regulation (e.g., fishing, tourism,
aquaculture, wind farm installation, etc.) [1] it is necessary to map it and know their
ecological services. The ability to produce accurate mapping has increased remarkably in
the past few decades, especially with the implementation of tools such as ROVs (remotely-
operated vehicles) and AUVs (autonomous underwater vehicles) [2]. However, the other
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side of the coin is that this equipment may be expensive and require a certain degree of
expertise. Nowadays, coastal and marine habitat mapping is more urgent than ever, either
to understand the ecosystem services associated with a given area or to properly manage
the area for potential exploitation (e.g., fishery, mining, tourism, etc.) [3,4]. An alternative
validated method is needed to speed up the potential use of the territory under increasing
pressure from human activities.

Ethnosciences seek to understand how local communities are related to the place or
territory in which they live. They are based on the analysis of the knowledge, long-time
observations, and beliefs developed by a given culture and the comprehension of the
people-nature relationships [5,6]. Populations that live in constant interaction with the
landscape or seascapes create their own nomenclatures to define concepts and
phenomena linked to the environment in which they live [7,8] based on culture,
spirituality, and on a differentiated perception of the natural environment [9,10].
Economic, cultural, religious, and spiritual values of the early Polynesian, Melanesian,
and Micronesian populations were associated with coral reefs, and this association
persists to today [11]. Red coral has been used as protection, healing, medicine, and magic
throughout Mediterranean history [12] and it is still used as ornaments and jewelry [13].
In the Gulf of California, coral reefs have been supporting fisheries for centuries and other
ecosystem services for hundreds of coastal communities in the region, being compiled
from bottom information by the autochthonous populations for centuries [14,15]. Among
other aspects, ethnosciences also study local populations’ landscape/seascape perception
and their capacity to describe and use natural resources [16]. This approach is possible
due to local people’s deep knowledge of the distribution and abundance of plants and
animals, and their precise understanding of species interactions and seasonal cycles of
certain species and their relationship with certain habitats [17].

On the Brazilian coasts, fishing communities have always applied a knowledge-
based approach to use natural resources efficiently. Information on distance from the
coast, seasonality of winds, tides, bathymetry, and landforms has been used to design
vessels and fishing artifacts, plan navigation strategies, and choose fishing locations [18—
22]. This knowledge is transmitted orally among the members of traditional populations
generation after generation [23,24]. Although this approach has always been helpful for
efficient resource use, it has yet to be considered in conservation and management
programs of coastal and offshore natural resources. Ethnosciences are both indispensable
theoretical tools for the historical reconstruction of society—nature relations and
disciplines of practical utility for an efficient environmental development strategy [5,25].
They are also essential, as previously stated, to help in a wide range of habitat mapping,
thus supporting and participating actively in conservation measures. In the last two
decades, some authors retrieved information from local populations to better understand
a specific area using non-standardized protocols [5]. In this context, ethnogeomorphology
makes it possible to apply the habitat approach using the local knowledge of these
communities, generating spatial representations of the seascapes that may be useful in
protecting and managing traditional fishing grounds [8,23].

Seascapes are subject to changes over time, and these changes can be described and
monitored. Knowing the pace and magnitude of the processes involved in such changes,
including the human factor [8,26], becomes increasingly important in taking the right
management and conservation decisions. Ethnological mappings are often overlooked
but can help to quickly extend qualitative bionomics that can be calibrated with classical
methods such as geomorphology and habitat description, and finally associated with
habitat health status with standard scientific procedures. Such an ethnocartographical
approach may boost habitat mapping in coastal areas, especially in those which are
isolated or cannot apply standard scientific protocols due to lack of funding.

There is an evident need for high-resolution seascape and benthic substrate mapping
worldwide. The lack of detailed and reliable habitat maps is, in fact, one of the main
obstacles to proper ocean governance [27]. The validation of local fishermen'’s perception
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through standardized protocols may help to find and describe the habitats and link them
to the presence of fish stocks in certain areas. To test the validity of this approach, we focus
on the Semiarid Continental Shelf, one of the lesser-known areas of Brazil, applying a
methodology that can be easily extrapolated to other coastal areas. These seascape
fragments have specific structures and well-defined ecological services, such as lobster
and shrimp fishing areas, marine fish nurseries, and calcareous algae and siliciclastic
reserves, among others [28,29].

The present study aims to characterize the ethnogeomorphology and
ethnocartography of the seascape based on the knowledge of artisanal fishermen of the
Indigenous Tremembé Aldea, and to propose it as a case study that may be used in other
areas to foster the conservation and management plans of coastal areas.

Given the scarcity of data, the scientific analysis of traditional knowledge is an
essential tool to reassess the paradigms of development models. It can serve as a basis for
producing new alternative development models accounting for the ecological services
provided by these landscapes [5]. Several ethnological studies have been carried out on
the semiarid coast of northeast Brazil on mangroves, navigation, artisanal fisheries, the
impacts of offshore and onshore energy production, and SCUBA diving tourism
[9,22,30,31-33] but there are no records of ethnogeomorphological mapping of the
seascape on the northern Brazilian coast. Furthermore, it would allow the inclusion of
local communities in decision-making processes in their territory. This is the first study in
which local perception of the seascape has been validated with the scientific protocols of
geohabitat on the Brazilian coast.

2. Materials and Methods
2.1. Study Area

The study was carried out in the fisherman’s community of Tremembé, located in
Itarema municipality of the State of Ceard, Brazil (Figure 1). In 2016, the Tremembé
indigenous ethnic group numbered 3888 people distributed between Itarema, Itapipoca,
and Acarau [34]. This community’s livelihoods depend on crab collection in mangroves,
agriculture, and sea fishing. These activities are carried out individually or in groups [24].
Artisanal fisheries occur predominantly on the inner shelf, using sailing boats, and
constitute an essential local subsistence activity [20,22]. The Ceard’s continental shelf
comprises three bathymetric zones: inner shelf < 20 m, middle shelf 20-40 m, outer shelf >
40 m to the shelf break, ~60-70 m, presenting mixed sedimentation features [35]. The
coastal zone is characterized by dunes, estuaries with mangroves, sand spits, and flat
beaches [36,37]. The tides reach amplitudes of 3.3 m favoring the use of intertidal zones
for the construction of “fishing corrals” and other harvesting activities by the local
community [36].
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Figure 1. Study area.

The climate in this area is tropical hot semiarid, with temperatures ranging from 25
°C to 32 °C. Annual rainfall can reach 1100 mm and is concentrated between February and
April [38]. The rivers that flow into the ocean are intermittent, with a reduced influx of
sediments to the continental shelf due to the influence of the semiarid climate [39,40]. The
main wind regimes are fundamental for artisanal fishing, which occurs predominantly
with sailboats on the inner shelf, and constitutes an essential local subsistence activity
[20,22]. The strong and constant wind (9 m.s™ + 2.5) generates an international tourism
activity based on kite surfing in estuaries and the sea [41] and sets suitable conditions for
the installation of onshore and offshore wind farms [40,41-43].

2.2. Data Collection and Analysis

Focus groups were used to promote an open discussion of local users” knowledge
[9,44] about seascapes and substrates and their importance for local fisheries. We invited
all men and women identified with indigenous fishermen who were part of the Tremembé
colonies of the Almofala and Tapera (n = 80) Figure 1. This was because of the secular
relationship with the seascape and fishing activities [24,29]. We held two (2) meetings in
October and November 2021. The total numbers of fishermen who attended each meeting
were 30 (38%). Of those present in the participatory mapping at Almofala, 3 (33%) were
women and 10 (77%) men. In Tapera, 16 men (94%) and 1 (6%) woman participated. In
Almofala and Tapera, 90% and 74% of fishermen had more than 10 years of experience
and knowledge about inner shelf artisanal fishing, respectively.

The strong connection between the person and the seascape can be reflected in sen-
sitive relationships with the place [8]. Data on daily experiences with seascapes and sea
fishing were collected in four steps.

The first step was to edit a basic map with the following information: (a) Three geo-
morphological macro-compartment limits of the continental shelf [35,45] and their respec-
tive sedimentary facies [37] (Figure 2a); (b) Bathymetric map compiled from nautical
charts from the Brazilian Navy and Database’s Geodiversity Beach-Continental shelf Pro-
ject (GBCSP-project), Figure 2b; (c) Distance scale in fathoms and meters; (d) Spatial rep-
resentation of shipwrecks, coastline, mangroves, drainage, and villages (Figure 2). This
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map made possible the spatial positioning of the respondents, who use the landmarks on
land and the distance from the coast as elements for navigation.
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Figure 2. (a) Basemap of sedimentary facies/main features) and (b) Bathymetry. Source:
[29, 35,37,40,45] and Brazilian Navy and Databases.

Sediment samples kits and image slides from video transects were prepared in a sec-
ond step. They contained samples of the seven main types of bottom sediments collected
in the area by the GBCSP project and substrates’ images obtained by ROV, side scan sonar,
scuba diving, and remote sensors [28,29,35,37,45,46].

During the meetings (third step), fishermen had the opportunity to see, handle, and
name the sediments based on their traditional knowledge. They pointed on the map
where the different shown sediments should be present. The same method was applied
after exposing the images and videos to identify the geomorphological features. There
was always a dialogue between them on the choice of terminology and/or spatial distri-
bution on the map, which was unanimously agreed upon in most cases. Only in some
very specific cases, decisions were made by the majority of those involved. In these mo-
ments, the speech of more experienced or older fishermen had weight in the final decision
of which terminology to use. They expressed their ideas in oral reports, which contributed
to the construction of the Traditional Terms table. All these observations were qualita-
tively recorded in the field notes in chronological order [47]. These notes allowed us to
better interpret the responses obtained concerning perceptions of seascapes through the
data collection techniques described above.
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Participant observation [9,48] was carried out during community visits to improve
our understanding of the community’s social organization and way of life. We also en-
gaged in informal talks and local celebrations with residents of villages. In the case of
participatory mapping, they identified/pointed, and correlated with their reports, which
contributed to the construction of the maps. Spatial information on seascapes was com-
plemented with data on the presence of economically important species. The application
of Participatory Mapping in this work prioritized fishermen as actors in the investigative
and participatory process, resulting in the representation and construction of territorial,
environmental, popular, symbolic, and cultural knowledge [49].

In the fourth step, we used the result of the seascape ethnomap to complement sci-
entific literature data, elaborating a seascape map. To do that, bottom sediment data from
the area available in the scientific literature and produced at different scales were reana-
lyzed [35,40,46,50-56]. This was the base used to draw a map of sedimentary facies, pre-
pared using Larsonneur’s classification [57], modified by Dias et al. [58]. In such a map,
we consider the CaCOs content (%) as an indicator of biogenic activity. After that, the sed-
imentary maps obtained from the reanalysis and those produced by the fishermen were
grouped and improved with scale corrections and caption adjustments. The correlation
between organisms caught, and the different seabed types found, was corroborated by the
inventory of the ichthyofauna of the artisanal fleet captured off the coast of Ceard [59] and
the Marine Fish Report—REVIZEE Program [60].

A map of benthic structures was prepared to complement and validate the seascape
geomorphology data available in the scientific literature and the data produced by partic-
ipatory mapping [61-63] with the extension (BTM), for ArcGIS™ 10.5. A bathymetric grid
was used, following the methodology and classification criteria proposed for the Pernam-
buco Continental Shelf, in the Northeast of Brazil [64,65].

After analyzing the conversations, interpreting the maps, and applying descriptive
statistics, it was possible to correlate the products of participatory mapping with the data
available in the literature, resulting in the seascape map.

3. Results
3.1. Seascape Based on the Experience of Tremembé Fishermen

Geomorphologic changes of the bottom from the Itapajé Inflection in both fishing
communities were described. Almofala Beach is the land reference used to distinguish
shallow (western) areas from deeper (eastern) areas within the inner continental shelf.
Shipwrecks, banks, channels, holes, “Cabeco”/knoll, deer antler, grass, and mud are terms
used by fishers as references for fishing spots. The depth measurement unit used by fish-
ermen is the fathom (1 fth = 1.8 m). In the past, this depth measurement was made with
the use of “cords and plummets”, but today, a simple echo sounder for navigation in some
boats is used. Soap attached to a plumb cord to see the type of sediment is still used in
small rafts.

Based on the description of the sedimentology and geomorphology of the fisheries
areas, nine seascapes were identified: Six (6) seascapes directly associated with the bottom
sediment characteristics, two (2) associated with geomorphological features, and one (1)
with the artificial substrate (Table 1 and Figure 3).
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Table 1. Traditional terms used for seascapes by the fishermen of Almofala (A) and Tapera (T).

Traditional Terms

Seascapes Traditional Terms (Portuguese) *
Jackfruit stone(A) Ja.ca (A)
Other terms: Other terms:
Stone olho di: boi,
1-Rhodolith Bull’s eyes pe.dra,
Lump’s stone pe.dra di: carosso
Stone with tail (T) Pe.dra kom rabo (T)
Other terms: Stone; Mocho Pe.dra, Moché
2-Gravel Stone + Gravel Pe.dra + Cas.calho
Gravel (A) Cas.calho (A)
2.1-Calcareous red Algae Other terms: Chicken foot ~ Other terms: pi:ées di: galinha
(Maerl) Gravel (T) Cas.calho (T)
Other terms: Coral Other terms: "koral
Gravel (A) Cas.calho (A)

2.2-Halimeda

Other terms: Leaf
Stones’ sludge (T)

Other terms: folha
Lodo di: pedra (T)

Grass (A) Capim (A)
3-Seagrass bed Other terms: Muddy area, Other terms: eormo di: 'la:ms,
needle grass Capim agulha
Grass (T) Capim (T)

4-Darkened Bioclastics
and Biolithoclastics

Dark sand (A)

areia preta (A)

Sands (Dark Coast)
Dark sand (T) areia preta (T)
Deer antler (A) Chifre di: Viado (A)
5-Rock bed Other terms: Bank, Stone Other terms: banco; pe.dra
“Cabe¢o”/Knoll (T) Cabegoau (T)
Other terms: Stone Other terms: pe.dra
. . . Sand (A) areia (A)
6-Lithobioclastic Sand Other terms: Bubble sand areia di: bolha
Sand (T) areia (T)
. Ship (A) navio (A)
7-Shipwreck Other terms: Boat Other terms: barco
Ship (T) navio (T)
8-Dunes Bank (A) banco (A)
Sand bank (T) banco di: areia (T)
9-Depressions (Inter- Hole (A) buraco (A)

dunes and areas between

rock outcrops)

Other terms:
Fish estuary, Cavity
Channel (T)

Other terms:
estuariov di: peixe,

ko 'neel (T)

Note: * International Phonetic Alphabet (IPA).

Grain size, shape, texture, and colors were the main references used to distinguish
the types of bottoms (e.g., large and small gravels, stone with tail, and dark sand), among
others (Table 1). In Almofala, fruit and plant names and terrestrial animal characteristics
were mostly used to define the types of bottoms, associated with rigid subtracts and rhod-
olith (e.g., Jackfruit, Deer antler, Chicken foot). Bank terms were used to highlight features
with higher bathymetric elevations concerning the surroundings, such as submerged sand

dunes and rock outcrops.
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“Cabeco” is a term used to designate rock outcrops. “Deer antler” was assigned to a
distinct type of rock outcrop, probably with erosive features and structures colonized by
coral species that resemble the deer antler ornamental plants (Platycerium bifurcatum) or
the animal’s characteristic. Channels and holes were used for depressions between rock
outcrops or dunes. The term “fish estuary” was used at various times to define the “holes”
that presented themselves as a favorable environment for fishing.

Grass mapping (seagrasses) was coincident in the two communities and is located
between the lowest tide level and the 5 m depth. This term defined areas with seagrass
meadows, represented mainly by the Halodule wrightii, in the flattest sector of the region,
between the beaches of Guajirt and Almofala. The term “fish estuary” was also used for
the seagrass bed in the Almofala community. There are estuarine lagoons colonized by
mangroves in this littoral, with artisanal fishing. Seagrass seascape borders sandy bottoms
rich in bioclastics and rhodoliths, in addition to the presence of some rocky substrates,
which they call “stone” (Figure 3). The Almofala fishermen indicated, in depths greater
than 20 m, an area called by them “grass with mud sand” near the bank of Itapajé. The
terminology “grass” is used simultaneously for areas with phanerogams and algae; the
distinction between them is made from the description of the type of bottom. Areas with
living Halimeda sp. are called areas with Stone and Big Gravel, Stones’ sludge, or Leaves
(Figure 3a,b).

At the top of the Itapajé bank, the substrates defined as “stone with tail” and “jack-
fruit” were predominated. These names were attributed to rhodoliths with erect attached
algae. The name of rhodoliths without the presence of algae is a “stone” for the fishermen.
Seascapes with substrates called gravels and stones with “Chicken foot” and coral are
associated with areas with the occurrence of red algae and/or maerl. The sector with the
occurrence of rhodoliths in the Itapajé bank was coincident among the fishermen, which
demonstrates that they are fishing territories used by both communities. Coral terminol-
ogy is also used by the communities of Itarema for these deposits. Areas with red algae
are identified by them as good for fishing.

To the west of the Itapajé bank are stones with small gravels and “chicken feet”, re-
ferring to bioclastic sands with fragments of red algae. The fishermen of Almofala indi-
cated three well-defined areas with the occurrence of the types of rock bottoms with “tail”
and “jackfruit” (rhodoliths), within the great domain of gravelly bioclastics with frag-
ments of red algae between the isobaths of 10 and 20 m. There is a clear distinction be-
tween the areas defined by them as darkened sand and the whitish sands or “bubble
sand”, which are the lighter-colored biolithoclastic and lithobioclastic sands located on
the beach strip and in areas of the continental shelf. The fishermen highlighted the type of
bottom called “dark sand”, located between 5 and 10 m, as a fertile area for fishing.
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Figure 3. Seascape ethnomap at (a) Almofala and (b) Tapera fish community and places of occur-
rence of the main marine organisms. Maps a and b had the participation of 13 and 17 indigenous
fishermen, respectively.

3.2. Seascapes and Fishing

Similar perceptions about the relationship between marine seascapes and organisms
caught were related. Seagrass beds are an important area for fishing. Eleven species were
captured throughout the year, besides the occurrence of fish larvae. The decrease in the
number of species was due to the fishing device, and the detachment of the grass from the
sea floor. In areas with rhodoliths (called Jackfruit or Stone with Tail), five species of fish
were described. Artisanal fishing takes place in the first area (<20 m). Morphological dis-
continuity on outcrops known as Head or Deerhorn eases different types of organisms’
presence. Six species (6) are caught there, besides the occurrence of fish larvae. In depres-
sion areas called holes and channels, nine (9) species were mentioned, including the lob-
ster (Panulirus argos). The shipwreck was related as the best place for fishing because it
has several shelters for fish and a variety of carbonate bottoms. Practically all species (32)
reported by fishermen, in their different life stages, can be found in this place. In the areas
of submerged sandy dunes, no species fished in both communities were mentioned.
About unconsolidated bottoms, the abundance of fish varies according to the characteris-
tics of the carbonate sediments. Thus, places with the presence of rhodolith with red algae
and/or red algae gravel were associated with good places for fishing, with fourteen (14)
species of fish and crustaceans captured. However, when only whitish bioclastic (stone
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and gravel) occurs, the environment is poorer for fish, but crustaceans and other associ-
ated organisms occur.

In areas with Halimeda and Halimeda’s gravels (Leaf and Stones” sludge), there is
fishing of five (5) species, as well as in areas with Dark Sand. The fishermen emphasized
that the types of the bottom are interconnected since the organisms are mobilized; how-
ever, some seascapes, due to the presence or not of a type of bottom, may represent the
greatest abundance of a given species (Figure 4). The species Haemulon plumieri occurred
in six (6) seascapes, followed by Panulirus argus, Ocyurus chrysurus, and Lutjanus synagris
present in five (5) seascapes in the studied area. In the sequence, the species Dasyatidae sp,
Lutjanus analis, and Haemulon melanurum occurred in four (4) seascapes. Except for the
dunes, the other species captured occurred, at least, in two and three seascapes.

Litopneus s:f'.sr
Ostraciidae’
No related |
Haemulon melanurum

Haemulon plumieri

Lagocephalus laevigatus'

Dasyatidae' |

Elops saurus Lmnaeu% I

Rhincbatus percellens |

Seascap
e
I Lithobioclastic Sand
2

I Gravel- Halimeda
2

Rhodolith
&5

| Darkened Sands
8

Rocks bed
8

Depressions
g

Seagrass bed
1

Gravel- Calcareous red Algae
14

Shipwrack
a2z

Lutianus analis |
Ocyurus chrysumsi 1
F’anuhmsargusi 1

Ruvettus pretiosus Cacca 1
Synodus fostens 1
Carcharhinidae 5;- 1
Scomberomorus cavallaj 1
Bothus Dcadla(u; 1
Callinectes danae Smi(h:' 1
Crenicichla masmensisj 1
Gymnothorax vicinu; 1
Hipoclinamus mamali; 1
Holocentrus zscensiumi; 1
Lutjanus anali; 1

Caranx banholumae; 1
Lagocephalus Iaevigatu; 1
Fishes Iarva; 1

Ostracnda; 1
Chloroscombrus chrysuru; 1
Decapterus macare\lu; 1
Mugil curema Valenc\enne; 1
Penacus suhtili; 1
Trachinotus Ialcatu; 1

Da syahdaé I

Haemulon melanurum I
3

Panulirus argus I
2

Carangideos I

E

Metanephrops

2
Ocyurus chrysurus
2

Strongylura marina
3

5

Lutjanus synagris

H e I
aI

Figure 4. Species captured in seascapes based on the participatory mapping.

4. Discussion

The shallow shelf has two morphological patterns. The first is in the NW-SE direc-
tion, with greater slopes, and the second is in the E-W direction [35,37]. The fishermen use
Praia de Almofala as a reference point for this geomorphological compartmentation. The
region between the coastline and the 20 m isobath is predominantly characterized by a
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low-slope relief, with sparse occurrences of flat ridge tops associated with rocky bottoms
(Figure 5a), such as siliciclastic sandstones and/or conglomerates, submerged aeolianite,
or beach rock [36]. In this sector there are seagrass beds related to carbonated muddy
sands and colonized by Halodule wrightii, between the estuary-lagoon of Guajira and the
isobath of 5 m, demonstrating a good correlation with the data obtained in the participa-
tory mapping. The dominance of organisms in the early stages of development (fish eggs
and larvae) in seagrass from Itarema was observed, demonstrating a preference for more
protected and less turbulent marine seascapes for nursery and hatchlings [29]. In this same
sector, there are “dark sands”, mapped by fishermen as a good place for fishing. In this
zone, there are darkened biolithoclastic sands associated with calcareous algae and foram-
inifera [35]. Several morphological patterns such as ripples and small dunes occur in this
sector [37] as mapped by fishermen from the Tapera village.
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Figure 5. (a) Benthic Structure map; (b) Sedimentary Facies map. Source: Figure 5b elaborated from
integration of different data [35,37,40,46,50,51-56].

The rock outcrops called “stones” and “old man’s nail” in Almofala coincide with the
flat ridge top found in the benthic structure map (Figure 5a). The sedimentation of the
beach is characterized as mixed, considering the balanced percentages between siliciclas-
tic and bioclastic sands [39], which were attributed by the fishermen to the classification
of “sand”.
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Lithobioclastic sands appear as patches at the mouth of the Acarat River in shallow
areas parallel to the 20 m isobath east of the upper Itapajé (Figure 5b). Rhodolith beds
have also been mapped in these shallow areas [28], associated with muddy bioclastic and
biolithobioclastic sands. It was observed that in the same perpendicular alignment of the
Guajiru estuary and the East of Itapajé bank, in the isobath of 20 m, carbonate mud spots
appear, which were associated with the occurrence of foliage algae identified by the fish-
ermen (Figure 5b). Between depths of 10 and 20 m, the relief is more rugged with the
presence of dunes, rocky outcrops, escarpments, terraces, and depressions between these
features (Figure 5a).

The depressions called “holes” and “channels” are located over 20 m in depth be-
tween rock outcrops. The depressions are bordered by “Cabegos” and Deer Antlers. In the
participatory mapping, these features were not represented, despite the constant mention
of stone bottoms by fishermen and their importance for the capture of a greater number
of species. On Caponga beach, on the east coast of Ceara, the term “cabeco” was used to
describe the “stone with fish on it” by fishermen, associated with massive corals [32]. The
use of the term “deer antlers” can be related to pinnacles in depressions, probably (Figure
5a). Prominence was given to the shipwreck in this area, considered by fishermen to be a
strategic fishing area. The mapped structures are associated with marine reefs, which are
rich and productive environments [66] and fundamental for the food security of tradi-
tional populations.

In this sector, there is also a more abundant form of “tail stones” and “jackfruit
stones”, mainly associated with rhodolith and bioclastic gravel sands with rhodolith and
lithobioclastic sands of varying sizes (Figure 6a). There are records of live red algae and
maerl and the occurrence of Halimeda incrassata [50]. The interpolation of the results of the
participatory mapping with the map produced from the reanalysis of data revealed that
the areas with seagrass meadow, rhodoliths, bioclastic gravels, and the Dark Coast may
occupy a much larger area than recorded in the geological and geomorphological surveys
published so far. It should be noted that the surveys with detail in the region were carried
out by the GBCSP-PRONEX Project [46] in the inner shelf (<10 m), in the years 2013 and
2018, the other studies contemplated a regional scale. The take-home message is that it is
possible (and desirable) to make the local people’s perceptions of the habitat distribution
match with the scientific mapping, being a necessary calibration.
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Figure 6. (a) Integration of sedimentary facies (Figure 5b) with participatory mapping (Figure 3a,b).
(b) Seascape map for the fisheries.

Comparing the preferred habitat of the species listed in the participatory mapping,
on the coast of the State of Ceard, we found that 41% are associated with rock bottoms,
25% with gravel and rock bottoms, 18% with mixed environments of sand, mud, and
gravel, and 9% of the organisms were present in the water column (Figure S1) [59,60]. The
species are predominantly benthic and validate the correlation made by fishermen be-
tween the types of bottoms and the organisms they fish there.

The diversity of substrates starting from the 10 m isobath is reflected in the increase
in fish species, mainly associated with gravel bottoms with the presence of carbonate algae
(Figure 6b). However, it was observed that species such as the lobster Panulirus argus oc-
cur from areas close to the coast to seascapes located at greater depths associated with
carbonate bottoms [52,67]. From the 20 m isobaths, there is a high diversity of geomor-
phological features, with a predominance of bathymetric highs with flat bottoms and/or
capped by rhodoliths, carbonate gravels, halimedas, and maerl [37,55], favoring a greater
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diversity of species, as observed in the description of the species caught in the wreck,
which is located in an area with characteristic reef environments.

This result agrees with the recent mapping of an extensive reef located between 20
and 50 m deep, along the entire Brazilian semiarid coast [66]. The participatory mapping
made it possible to complement important geological and geomorphological information
about the substrates and connectedness of some species, an important tool for the food
security of these communities (Figure 6b). These substrates are essential to understanding
fish biomass. Many species are associated with these complex habitats, and their change
may affect the available protein for local people [68]. The analogy with the coastal system
refers to productivity and the juvenile life cycle of some species fished, probably, being
that such productivity is linked to the presence of algae or coral assemblages. Identifying
these habitats as quickly as possible will be essential for a better management of the
coastal areas.

In general, there is a large gap of knowledge to be generated in this region and in
other regions of the world that deserves attention due to the increase in demand for hy-
drocarbon exploration, offshore wind power generation, carbonate exploration, siliciclas-
tic mining for beach recovery, and other activities associated with the Economy of the Sea
[36]. Fulfilling this gap of knowledge may be considered a priority in national and inter-
national coastal and offshore governance. Natural ecosystems and landscapes that pro-
vide benefits to human society are of great ecological, socio-cultural, and economic value
[69-71] to develop a rational baseline to protect the natural capital of a region. For this
reason, it will be essential to make a proper bottom-up approach with the local people,
inviting them to make active ethnocartography. The use of this habitat mapping, qualita-
tive but explicit in the habitat distribution, is perhaps the key to boosting conservation
and management plans in many areas of the world.

5. Conclusions

The link between certain marine habitats and species’ presence and abundance is not
new [72]. Certain species such as cephalopods, benthic fishes, or crustaceans may be found
where the seagrass or seaweed presence is abundant [73,74]. Now there is a more accurate
vision of the importance of complex habitats (marine forests, line seagrasses, seaweeds,
marine animal forests) [75,76] as ecosystem services providers. The habitats in which these
three-dimensional living structures (forests) are present are those in which the local peo-
ple also agree there is more capacity to fish. The novelty of this work, validated by the
standardized scientific protocol used in the area, is the mapping approach made with the
help of local know-how to localize not only the habitats but the associated species, provid-
ing tools for administrations to manage resources and conservation plans. As a particular
example, the data produced by this work support the creation of a Marine Protected Area,
to guarantee the food safety of Tremembé fishermen in Almofala and Tapera, being pos-
sible thanks to a bottom-up approach

In synthesis, the application of these tools may serve the following purposes: (1) to
make extensive mappings thanks to the know-how of the local people, especially in areas
where the scientific methods are not available or are difficult to apply (also for budget
constraints), (2) to validate relationships between species presence and a determinate hab-
itat, to make conservation and management plans; vulnerable species or habitats may be
more easily protected, and the link between complex systems and vagile fauna may be
reinforced [77], and (3) to make possible the active participation of local populations in
conservation and management processes [9], allowing the creation of a truly bottom-up
process [78,79]. This may be a win—win situation in which the democratization of the de-
cisions is at stake, and the link between local people and the administration may be
boosted by a quite simple but effective protocol.
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Supplementary Materials: The following supporting information can be downloaded at:
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cies in seascapes used for fishing. Source: Seascape by ethnogeomorphology mapping, Bottom
types: St = Stone, G = Gravel, S = Sand, M = Mud, N = Nekton organisms [56,57], c) fish species
(Participatory Mapping).
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