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The Amazon Continental Shelf (ACS) stretches for more than 2500 km along the coast of northern
Brazil, where it is influenced directly by the discharge of the Amazon River, which deposits enormous
quantities of organic matter at its mouth. Despite the extraordinary importance of this region, it is
still among the least-studied sectors of the Brazilian coast. The present study, which is based on the
data generated by the continuous monitoring conducted by the National Center for Research and
Conservation of the Marine Biodiversity of Northern Brazil (CEPNOR/ICMBio) and the systematic
review of the databases of reference collections, provides the most comprehensive inventory of the
marine biodiversity of the ACS compiled up to now. A total of 3286 species were identified, 1247

more than previous studies, including primarily bony fish (28%) microorganisms (15%) and molluscs
(14%). Considering the conservation status of the species, 67 of which are threatened at some level
according to the list of endangered species in Brazil, mainly cartilaginous fish (40%), bony fish (31%)
and seabirds (11%). The results of the present study reveal hotspots of biodiversity, especially near
offshore oilfields and fishing grounds, raising concerns about the potential impact of human activity in
the region. These findings emphasize the need for systematic ecosystem management combined with
continuous monitoring, to mitigate these threats to the biodiversity of the ACS, while also reinforcing
the importance of integrating scientific and conservation efforts to protect this unique, but vulnerable
biome.
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The Amazon Continental Shelf (ACS), or Brazilian Amazon Coast, stretches for more than 2500 km of the
western equatorial Atlantic, from Oiapoque River, on the border between Brazil and French Guiana, and the
Parnaiba River, in the Brazilian state of Piaui'~>. This coast forms the largest known continuous estuarine
environment, which encompasses innumerable characteristic indentations and inlets dominated by mangrove
forests*. This system provides nutrients for the adjacent marine waters, including those of the Great Amazon
Reef System>®.

This region has two well-defined seasons, rainy and dry (with transition periods), and a dynamic macrotidal
regime, which is influenced by the input of the Amazon River, the winds of the intertropical convergence zone
and the North Brazil Current and trade winds'’~. The cycle of the tides and local rainfall patterns are responsible
for the abundant nutrients and the maintenance of the region’s demersal fauna!®-13.
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The ACS has a extreme complexity of the fluvial-oceanic dynamics', and is reflected in the enormous diversity
of the local aquatic fauna'®!>. Up until now, however, the most comprehensive studies of this biodiversity have
been based on the analysis of the bycatch of commercial fisheries'®!, the assessment of the threatness level of
the species'®2 or the analysis of the occurrence of species in the different vertical zones of the water column?!.
Most of these records have been published in a range of periodicals, while the original data are dispersed among
different official public databases®2.

Given its inestimable biodiversity, the ACS is the target of considerable interest from commercial operations??,
given that it represents, based on the most recent data, the second most productive fishery zone off the Brazilian
coast®. According to IBAMA technical reports from 2007, the total annual fishery production of this zone
was estimated to be 129,981.5 tons2*. This is likely an underestimate??, however, and more recent studies have
concluded that the actual production may be four to 12 times greater, considering all the non-target biodiversity
impacted by local fisheries?>2°.

In addition to the impact of its fisheries, the ACS recently became the target of an intense environmental
debate between government, oil companies and environmental agencies, related to the licensing of the
exploitation of oil and gas fields in the Pard-Maranhdo basin, which has estimated reserves of between 20 and
30 billion barrels of 0il?’. Licensing applications have revealed the probability of highly significant impacts, and
have almost invariably been deferred by the Brazilian Institute for the Environment and Renewable Natural
Resources - IBAMAZ?. These rulings have been based on the extreme socio-environmental vulnerability of
the region, given its rich and still partially undefined biodiversity, in addition to the presence of traditional
populations and protected areas®.

Adding to the conflicts described above, the analysis of the impacts of ongoing climate change on the
landscape of the Amazon region is still incipient®®3!. Given all these questions, it is extremely important to
determine which species are present in the ACS, in order to provide a solid baseline for the discussion of the
strategies needed to overcome these challenges!”2.

In this context, the National Center for Research and Conservation of the Marine Biodiversity of Northern
Brazil of the Chico Mendes Institute for Biodiversity Conservation (CEPNOR/ICMBio) - an autarchy of the
Brazilian Environment Ministry (MMA) - has been monitoring the marine biodiversity of the ACS, based on
fishery mortality, in collaboration with the Goeldi Museum (Museu Paraense Emilio Goeldi, MPEG). Based on
these efforts, the present study compiled the most comprehensive inventory of the marine biodiversity of the
northern coast of Brazil produced to date. These data were assessed in relation to the real and potential impacts
facing the region, to provide insights for the effective management and conservation of local biodiversity
occurring on the ACS.

Methods

The inventory of the biodiversity of the ACS was compiled based on (1) the database of the CEPNOR/ICMBio
Fishery Impact Monitoring Program, and (2) a review of the validated data on the marine biota of the study area
available online from museums and reference collections.

CEPNOR monitoring program

During the CEPNOR/ICMBio monitoring program, the data were collected by scientific observers on board,
who collected data on licensed commercial fishing vessels during their operations off the northern coast of
Brazil. These fishing fleets target shrimp (Penaeus sp), Laulao catfish (Brachyplatystoma vaillantii), spiny lobster
(Panulirus sp), acoupa weakfish (Cynoscion acoupa), red snapper (Lutjianus purpureus), and miscellaneous fish,
and were monitored between 1998 and 2024.

The vessels were monitored during different periods, and during each excursion, the onboard observer
recorded data on a field chart, including the georeferenced location of the catch, and the occurrence of the
different morphotypes, based on photographic records (Nikon Coolpix AW130 Geotag) and the preliminary
identification of the species at sea.

Samples of the morphotypes and the photographic images were sent to CEPNOR and the Goeldi Museum in
Belém for confirmation of the taxonomic identification and inclusion in the reference collection. The taxonomic
identification of the species was confirmed using identification keys and, whenever necessary, consultations with
specialists.

The georeferenced locations were used to generate maps of the monitored areas, which were subsequently
combined in a single shapefile for the definition of the limits of each fishery (Fig. 1). In the specific case of
“miscellaneous fish’, the fishing zone was defined based on the coordinates available in Normative Instruction
13/2013%. The area of the Amazon Reef System®**3> was also included in the map (Fig. 1), as were the minimum
and maximum extension of the Amazon plume** and the offshore oil exploration concession blocks®®. All areas
were mapped using QGis 3.40 software.

Online data search
The online survey of species from the ACS was based on a search of all the databases that contain records of
marine species from the northern coast of Brazil, that is, the Global Biodiversity Information Facility (GBIF: htt
ps://www.gbif.org/), the Ocean Biodiversity Information System (OBIS: https://obis.org/), the Marine Mammals
Monitoring Support System (SIMMAM) and other major projects in the study area (JICA and REVIZEE).
Initially, the polygons that delimit the ACS were generated in the QGIS 3.38 software, then, all georeferenced
occurrence points existing in the official databases were inserted into the map, extracting only the records within
the polygon in the ACS. Finally, an active search for inconsistent data was performed, removing errors, such as
the occurrence of primates and Amazonian birds incorrectly inserted in the official databases.
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Fig. 1. Area monitored by the National Center for Research and Conservation of the Marine Biodiversity of
Northern Brazil of the Chico Mendes Institute for Biodiversity Conservation (CEPNOR/ICMBio), showing
the principal offshore licensed fishing zones, the oil exploration concession blocks*®, the minimum and
maximum extension of the Amazon plume?®*, and the Amazon Reef System®**%. Brazilian states: AP = Amap4,
MA =Maranhio, and PA =Para.

The study did not collected data from bibliographic reviews on species identification and occurrences in the
ACS. The analysis objective was catalog species records that contains information on latitude, longitude, data
origin and that have been validated in scientific collections, data generally not reported in scientific articles due
to the authors’ restrictions on access to their databases.

All the species records were mapped in the QGis 3.38 software. Species taxonomy was updated based on
WoRMS, the World Register of Marine Species (https://www.marinespecies.org/).

Total biodiversity of the ACS

The species identified during the CEPNOR monitoring and online search were organized into 14 taxonomic
groups: (1) algae (green, brown, red, and golden algae), (2) bony fish, (3) cartilaginous fish, (4) cetaceans, (5)
decapod crustaceans, (6) echinoderms, (7) microorganisms (predominantly cercozoans, diatoms, dinoflagellates),
(8) molluscs, (9) other crustaceans (predominantly isopods, copepods, and cirripeds), (10) other invertebrates
(brachiopods and chaetognaths), (11) seabirds, (12) soft and hard corals (cnidarians, poriferans, tunicates, and
bryozoans), (13) turtles, and (14)worms (predominantly annelids, flatworms, nematodes).

The conservation status of each species was also defined based on the red lists of the International Union
for Conservation of Nature (JUCN: www-iucnredlist-org) and the Brazilian Environment Ministry (MMA: ht
tps://www.in.gov.br/en/web/dou/-/portaria-mma-n-148-de-7-de-junho-de-2022-406272733). The data on the
occurrence (total species richness and threatened species only) and density per taxon were used to produce heat
maps, using the Kernel density estimator, run in QGis 3.384 software.

Statistical analyses

As the fishery zones overlap, the statistical analyses of the species occurrence were based on the distribution
of the bottom-substrate megahabitats proposed by Araujo et al.*’, which divide the continental shelf into three
categories — (i) the Area Influenced Permanently by the Amazon Plume (AIP), which includes “mud near the
coast”, “mixed mud and sand”, “lightly laminated mud”, and “sandy silt on the proximal shelf”, (ii) the Area of
Transition (ATR), composed on “mud mixed with sand”, and (iii) the Amazon Reef Area (ARA), which includes
“reefs and rhodoliths”, “rhodoliths”, “bryolites”, and “other carbonate sediments”

To compare species richness between areas, the residues were previously evaluated with a Shapiro-Wilk
normality test, which revealed asymmetry (p <0.001), and the Levene test, which demonstrated heteroscedasticity
(p<0.001), even after logarithmic transformation. Considering the test results, the richness was compared using
the nonparametric Kruskal-Wallis test, followed by Dunn’s post hoc test. The rarefaction method of Gotelli and
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Colwell* was then applied to illustrate and compare the species richness per megahabitat. The application of this
method permitted the comparison of the megahabitats taking into account their different sampling dimensions,
unequal sampling effort, and the absence of data on species abundance. For this, each sampling point (ordered
by their geographic coordinates) was considered to be a sampling unit within each area’®.

This approach was based on the application of the iNEXT (iNterpolation and EXTrapolation) package®,
using the rarefaction (interpolation - number of species observed) and prediction curves (extrapolation -
prediction derived from an increase in the number of sampling units) for the samples of occurrence, using the
bootstrap method (considering 100 resamplings), which was not restricted only to the rare species, but estimated
the total richness based on all the species sampled. The curves were compared based on the degree of overlap
of the 95% confidence limits, which are standardized by the megahabitat with the smallest number of sampling
units®*4. The median tests considered a critical significance level (a) of 5% and were run in the Vegan package*!
of the R software (R Foundation for Statistical Computation), version 4.5.0%2,

Results

The analysis of the data revealed a total of 3286 species from 72,511 occurrence records between 1844 and
2024. Of this total, the bony fish were identified as the most diverse group, with 922 (28%) species, followed by
502 (15%) species of microorganisms, 464 (14%) species of molluscs (14%), and 312 (9%) corals species (9%).
Considering the total number of species identified, 67 of them have a threat status classified as EN, VU or CR
according to the list of threatened species of Brazil. The group with the highest number of threatened species
is cartilaginous fish (40 species according to the IUCN or 27 considering the MMA red list), followed by bony
fish, with 21 species.

Overall, considering all species, 22 are classified as Critically Endangered (CR) by the IUCN, and 17 by
the MMA (Table 1), while 11 and 13 are classified as Endangered (EN), respectively. A further 44 species are
classified as Vulnerable (VU) by the IUCN, and 37 by the MMA, and 18 and 31 species are listed as Near
Threatened (NT), respectively. Of the remaining species, 44 are Data Deficient (DD) in the IUCN listing, while
2450 have not been evaluated (NE), and 697 are Least Concern (LC). In the MMA, 87 species are DD, 2518 are
NE, and 583, LC.

The results of the ICMBio/ CEPNOR monitoring added 1247 more species occurring in the ACS (39%) of the
total data compiled in this study. Comparing the official databases with the final data compilation, the species
records added by CEPNOR monitoring include 43% cartilaginous fish, 35% of the echinoderms, 27% of the
molluscs, and 16% of the bony fish (Fig. 2).

The taxonomic group with the largest proportion of species for which the conservation status has been
defined by the MMA (Fig. 3) is the seabirds (72.0% of the total), followed by cetaceans (69.2%), cartilaginous
fish (65.6%), the turtles (62.5%), and bony fish (61.6%). By contrast, the groups with the fewest taxa evaluated are
the algae, other invertebrates, other crustaceans, microorganisms, and worms, with a total of 593 species (Fig. 3).

The vectorial analysis of the species impacted by fisheries (Fig. 4) indicate that the most threatened forms
tend to be targeted by more than one fishery, irrespective of the type of fishing operation or regulatory measures.
Extremely sensitive and endangered species, such as Ophidion holbrooki, Sphyrna tiburo, Eretmochelys imbricata,
and Epinephelus itajara are impacted by at least three different fisheries simultaneously.

The species heat maps (Fig. 5) reveal an extensive area of distribution of species in general (A) and threatened
species (B) in the area of the Amazon plume, as well as distinct hotspots of general biodiversity (C) off the coast
of the state of Amapd, and of threatened species (D), off the coast of southern Amapa and Par4, including oil
exploration sectors SFZA-AP2 (block FZA-M-539) and SFZA-AP4.

Considering all the biodiversity recorded in the present study, the principal concentration of species were
identified off the coasts of Para and Amapd, and over the Amazon reef system, with hotspots in or near the
areas of the oil exploration sectors, in particular in sector SEZA-AP1 (blocks FZA-M57, 59, 86, 88, 90, 125, and

Taxonomic group

Genus  Genus MMA IUCN

Algae

Bony fish
Cartilaginous fish
Cetaceans

Decapod crustaceans
Echinoderms
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Molluscs

Other crustaceans
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Seabirds

Soft and hard corals
Turtles

Worms
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Table 1. Species identified from the Amazon continental shelf, by taxonomic group and conservation status,
based on the classification of the species in the red lists of the [IUCN (www-iucnredlist-org) and MMA (ht
tps://www.in.gov.br/en/web/dou/-/portaria-mma-n-148-de-7-de-junho-de-2022-406272733). Categories:
ne=not evaluated, dd = data deficient, lc =least concern, nt=near threatened, vu=vulnerable, en = endangered,
cr=critically endangered.
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Fig. 2. The pie charts represent the proportion of the species identified in the present study. The cyan

color represents the % of species present only in the official databases (combined datasets from the Global
Biodiversity Information Facility - GBIF, Ocean Biodiversity Information System - OBIS, data obtained in
major projects in the study area [e.g., JICA and REVIZEE], and the Marine Mammals Monitoring Support
System - SIMMAM, the green color represents the % of species present only in the database of fisheries
monitoring carried out by of the National Center for Research and Conservation of the Marine Biodiversity
of Northern Brazil of the Chico Mendes Institute for Biodiversity Conservation - CEPNOR/ICMBio), and
the yellow color represents the % of species present in both datasets. The bar chart indicates the individual
percentage of each database.
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Fig. 3. Proportion of the species in the different taxonomic groups for which the conservation status has been
evaluated. This analysis includes the records (collected between 1844 and 2024) identified from the scientific
collections listed in official databases (i.e., the Global Biodiversity Information Facility (GBIF), the Ocean
Biodiversity Information System (OBIS), the Marine Mammals Monitoring Support System (SIMMAM), the
databases of other major projects that focused on the study area (i.e., the JICA and REVIZEE projects), as well
as the official monitoring conducted by the National Center for Research and Conservation of the Marine
Biodiversity of Northern Brazil (CEPNOR), part of the Chico Mendes Institute (ICMBio).
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Fig. 4. Threatened species (VU, EN, and CR) impacted by the largest commercial fisheries off the northern
coast of Brazil (Spiny lobster, Red snapper, Shrimp, Miscellaneous fish, Acoupa weakfish and Laulao catfish.

127) and in the vicinity of sector SFZA-AP4 (Fig. 6A). When only the threatened species are considered, the
greatest species richness is found off the coast of Pard (Fig. 6B), with smaller hotspots in sector SFZA-AP2 (block
FZA-M-539) and near sector SFZA-APA4.

Overall, 710 of the 3286 species identified in the present study were identified in more than one of the
megahabitats of the ACS, although 426 species were recorded exclusively in the ARA, 374 in the ATR, and
81 in the AIP (Fig. 7a). While the AIP had the fewest exclusive records, it had the greatest species richness
per sampling unit (Kruskal-Wallis test: H=137.56; p<0.001) in comparison with the other two megahabitats,
however, Dunn’s post hoc test indicates that AIP has the greatest species richness compared to the other areas
(AIP-ARA: p<0,001, AIP-ATR: p<0,001) and ARA-ATR: p<0,001), with ARA having the lowest species
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Fig. 5. Distribution of the 72,511 occurrence records identified between 1844 and 2024 of (A) total of marine
species records, (B) threatened marine species off the northern coast of Brazil, and the hotspots of (C)
biodiversity in general and (D) threatened species on the Amazon Continental Shelf.

richness (Fig. 7b). Some groups, such as the corals (69.4%), worms (59.5%), and other crustaceans (35.7%) were
predominant in the ARA.

The rarefaction curve (Fig. 7¢) indicates that the actual biodiversity of all three areas is likely much higher
than that recorded here, as well as reconfirming the differences in the species richness observed here among the
three megahabitats. The fact that all three curves fail to reach the asymptote in the bootstrap estimator indicates
that the species richness recorded in the ARA represents only 58.5% of the estimated total, and only 56.7% in
the ATR, and 37.22% in the AIP.

Discussion

The species diversity of the ACS is clearly much greater than that indicated by the vast majority of the published
literature'8. The present study identified a total of 3286 taxa, ranging from minuscule crustaceans and other
invertebrates to the megafauna, which contribute to a complex web of inter-relationships, which is clearly
vulnerable to anthropogenic impacts?®.
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The lack of divulgation of some of the studies conducted in the region of the Amazon Continental Shelf
(ACS), especially research conducted prior to the 1980s, has obscured a number of important discoveries that
have only recently come to light*>. One of these cases was the much-publicized “discovery” of the coral reef
system off the mouth of the Amazon River by Moura et al.34, when in fact, the existence of this system had
already been recognized in 1977 by Bruce B. Collette & Klaus Riitzler**.

The first species inventory of the ACS was conducted between 1957 and 1969, and was organized by the
National Marine Fisheries Service, part of NOAA®. This survey focused on the region’s most valuable commercial
fishery resources, and thus registered a fauna of only 54 species, which was similar to the total recorded off the
coast of French Guiana®.

Miloslavich et al.*6 concluded that the most comprehensive inventory of the marine biodiversity of South
America was compiled by the Marine Life Census program (Census 2002), through the sharing of information
by a number of researchers, which was used to generate a regional OBIS database. This database was reinforced
by additional records from other studies of commercial fisheries!$20:2225:2647.48  regulting in the identification of
2039 species from the study area acording to Census program.

These numbers are clearly underestimated, especially given that, in practice, many Brazilian researchers do
not deposit their specimens in scientific collections to restrict the access of the public. According to Morrell*
this scientific protectionism is a historical process, observed since 1830, when a number of scientific academies
were established in England. The author claimed that the unwillingness of researchers to cooperate in science in
order to reinforce their power and personal vanity, together with the lack of a governmental science initiative,
has contributed to the establishment of isolated groups of researchers that are not articulated systematically with
the state or the need for the resolution of common problems.

This lack of cooperation has contributed to the dispersal of important data that could contribute to a better
understanding of biodiversity?"*>*%>! and the development of more effective management measures*>>2. In this
context, the present study contributes 1247 new taxa to the list - some of which may appear in publications, but
not in the official databases - bringing the total number of species identified in the ACS to 3286.

In the present study, the greatest occurrence of species in general and of threatened taxa in particular was
observed in the area influenced directly by the plume of the Amazon River, followed by the areas surrounding the
coral reef system (Fig. 6). This distribution pattern can be accounted for by the combined freshwater discharge of
the Amazonas and Orinoco rivers®, as well as the migration routes of the juveniles and post-larvae, primarily of
the trophic baseline crustaceans, which stretch between the coasts of Pard and Amapa**.

These species are impacted fundamentally by fisheries— in particular, the bottom trawlers that modify the
whole environment™ - which are obviously the principal stressor and the greatest current problem for the
achievement of sustainability?®. Historically, some fisheries, such as those of the red snapper (Lutjanus purpureus)
have been highly regulated, but even so, the species has become vulnerable, in the MMA Red Book classification,
and continues to be exploited intensively, with fisheries adhering to regulations that may simply not guarantee

the capacity of stocks to recover from fishing pressure?.
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Fig. 7. (a) Occurrence (%) of the marine species per megahabitat of the Amazon Continental Shelf off the
mouth of the Amazon River, including their exclusive presence in one of the zones (AIP, ATR, ARA), and their
combined presence in two or three megahabitats, (b) The mean species richness per sampling unit recorded in
the three zones, showing that the AIP was significantly more speciose (H=137.56; p <0.001) than the other two
zones. Different letters above any pair of means indicate a significant difference (p <0.05), based on Dunn’s post
hoc test, and (c) rarefaction curves for the three zones, indicating that the true biodiversity is likely to be much
higher than that observed up to now, in all three cases.

The principal challenge lies in the fact that, while these fisheries threaten the marine biodiversity, they
provide more than 3500 jobs in the region, creating a market for more than 330 formal companies and 2796
small businesses, which generate more than US$82 million per annum, in exports alone?*>¢-%2, These economic
considerations provide potent arguments for the maintenance of these fisheries through state subsidies®!.

The end resultis that more than 60 of the speciesidentified in the area are threatened with extinction considering
the MMA classification (Table 1). This likely underestimates the actual scenario, especially in the case of the
invertebrates'’, which are often overlooked in conservation research, in favor of the more “charismatic” groups
of organisms, which are targeted because of their appearance, perceived ecological importance or natural rarity®.
These organisms tend to include the megafauna - seabirds, cetaceans, and turtles — and animals of commercial
interest, such as bony and cartilaginous fish (Fig. 4). Brodie et al.** concluded that the criteria established by the
TUCN - and replicated by the MMA - for the compilation of red lists follow a fixed methodological approach
which, when extrapolated to non-standard organisms, faces a series of limitations ranging from the availability of
resources and logistics to cultural barriers. Given this, the assessment of the conservation status of an organism
based on the IUCN criteria is more effective for groups with more comprehensive data, which in the context of
the ACS, refer primarily to the organisms most impacted by fisheries®.

In fact, scientific and political interest in the marine biomes of the Amazon region has grown after the
discovery of after the discovery of oil deposits in the ACS®. This established the need for the involvement
of environmental organs, in particular IBAMA, which require adequate data on the potential impacts of oil
exploration on the local biodiversity to develop effective strategies for the mitigation of these pressures?®?. In
this context, it is no surprise that IBAMA has deferred licenses for oil exploration in the ACS so frequently?’.

The Oil and Gas Observatory of the ARAYARA Foundation®” estimates that the restrictions on navigation
related to oil exploration and production, which include the creation of safety zones and restricted navigation
routes, will result in the complete exclusion of fishing vessels from an area of approximately 34,616 km?. This
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would have major economic impacts for the local communities that depend on fisheries, due not only to the
reduction in the area of their fishing grounds, but also the rerouting of fishing vessels®2.

The results of the present study also highlight other challenges related to the extraction of fossil fuels. The
analysis of the distribution and concentration of local diversity, both in general and in terms of the threatened
taxa, revealed a number of hotspots in the vicinity of the coast of the states of Amapd and Pard, and in oil
exploration sectors SFZA-AP2 (block FZA-M-539) and SFZA-AP4. A hotspot was also identified in sector
SFZA-AP1, whose operation is still under discussion (Fig. 5). This implies that the liberation of these sectors for
oil exploration should have a direct impact on a significant portion of the local biological richness®.

Oil exploration and production may impact the environment, even without oil spills®. Surveying and
drilling exploratory wells causes sound pollution, which has an immediate effect on local biodiversity, and may
compromise the behavior of many animal species’’. During the oil extraction, in addition to the degradation
of the environment’!, the eventual contamination of the water may spread over a wide area, with major
repercussions for the local biodiversity’. Following the extraction of the oil, the use of the fossil fuels produced
by the operations will contribute to global warming, which causes, for example, coral bleaching”>74.

No less important than the local impacts of oil extraction, the exploitation of fossil fuels contradicts the
commitments made by Brazil and many other countries around the world toward the reduction of greenhouse
gases and the mediation of global warming”>’¢. The ongoing deforestation in the Amazon region is also related
to climate change, and has modified significantly the local hydrological regime’”, resulting in prolonged dry
periods and unprecedented droughts’®. The effects of these changes on the fauna influenced by the discharge of
the Amazon River®, which is responsible for 25% of primary global production, has yet to be fully understood?.

The results of the present study thus reveal the presence of a rich biodiversity in the ACS, which is potentially
exposed to a new “anthropogenic web” that limits the full understanding of its biological configuration. This web
extends from scientific protectionism — which has delayed the divulgation of important data - through intense
fishing activity, which has often disrespected the fishery legislation and become predatory?, to oil exploration.
This may not only affect the marine ecosystems - and compromise the conservation status of many species -
but may also influence the provision of services by terrestrial ecosystems, affecting the cultural and economic
dynamics of the local human populations”-8!.

In this context, the discussion, regulation, and monitoring of fisheries must continue, not least because the
number of species affected in the ACS is now likely to increase, given the new data on the region’s biodiversity
presented here. In particular, continuous monitoring programs should not be interrupted, to ensure the
accumulation of more reliable data on the dynamics, biodiversity, and resilience of this environment.

In addition to all these considerations, the findings of the present study provide important insights for the
ongoing debate on oil exploration. This input contributes to the definition of the alternative, preventive, and
corrective measures that should be applied to any activities related to the exploitation of oil deposits, in addition
to compensatory actions, when appropriate, not only from an environmental perspective, but also from an
economic and social viewpoint.

Conclusions

The CEPNOR/ICMBio monitoring program recorded more than a third of the 3286 species from the
Amazon Continental Shelf identified in the present study. This reaffirms the value of continuous monitoring
as a fundamental tool for the inventory of biodiversity, as well as emphasizing the importance of registering
information in official databases, where it can be accessed as part of the development of management measures.

In the region of the Amazon Continental Shelf, the species are concentrated primarily within the area
influenced directly by the Amazon plume, as well as along the margins of the Amazon reef system. A total of
67 of the species identified in the present study are listed as threatened in Brazil (MMA), while 77 are classified
as threatened worldwide (IUCN). These numbers are likely an underestimate of the true level of threat to the
region’s biodiversity, however, given that the assessment of conservation status tends to focus on the better
known or economically more important species.

Many of these threatened species are targeted by more than one type of fishery operating in the ACS, which
reinforces the conclusion that this economic activity is a major threat to the region’s biodiversity. The proposal
for the creation of oil exploration sectors SFZA-AP2 (block FZA-M-539), SFZA-AP4, and SFZA-AP1 refers to
areas that coincide with or are adjacent to the hotspots of biodiversity on the ACS observed in the present study,
both in general, and in terms of the presence of threatened taxa.
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