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Introduction

We seek to shed light on the recent controversy regarding the existence, vitality and extent of the Great Amazon Reef System (GARS; see Francini-Filho et al., 2018). This elucidation is critical considering the plans for large-scale oil and gas exploration in the region and the ongoing legal disputes between oil companies and the Brazilian Environmental Agency (IBAMA) over the approval of environmental licensing. In 2018, IBAMA denied the operating license for oil exploration to the company TOTAL due to a fragile Environmental Impact Assessment (EIA) (IBAMA, 2018). More recently (September 2022), following the evaluation of the EIA presented by the Brazilian company PETROBRAS, the Brazilian Federal Prosecutions Office recommended IBAMA and PETROBRAS to not proceed with the pre-operational assessment needed for obtaining the operating license (Brasil, 2022). Currently, 130 oil blocks overlap with the GARS (Figure 1). Central to this debate is the presence of sensitive marine habitats and the modeling of oil dispersal and the delimitation of the area under the influence of oil exploration.




Figure 1 | (A) The Great Amazon Reef System (GARS), as delimited by Moura et al. (2016) and Francini-Filho et al. (2018), and its overlap with oil blocks. (B) A complex live calcareous algae reef inhabited by fish (Paranthias furcifer) and black-corals (~130 m depth). (C) A mound built with living rhodoliths by the tilefish Malacanthus plumieri (~130 m depth). (D) The reef butterflyfish Chaetodon sedentarius over a calcareous algae patch reef (~110 m depth). (E) A high-vitality rhodolith bed (~140 m depth). Sedimentary basins: FZA, Foz do Amazonas; PAMA, Pará/Maranhão; BAR, Barreirinhas; CE, Ceará.





History of the GARS

In April 2016, the paper by Moura et al. (2016) sparked widespread coverage in news outlets across the globe about the existence of an extensive reef system (~ 9,500 km2) on the Amazon shelf. Although the media reported that Moura et al. (2016) discovered the GARS, the key novelties of that study were based on detailed analyses of the species composition, ecosystem functioning and sheer extent of the reef system, not on their existence per se, as historical evidence already pointed to that. Kempf (1970) reported on an extensive calcareous algae reef along the north and northeastern Brazilian coast, with records of six scleractinian species for the area of the GARS. Milliman et al. (1975) and Milliman (1977) suggested that “algal limestone” and “ridges” exist in the outer shelf, which are now known to be encompassed by the GARS (Moura et al., 2016). Collette & Rützler (1977) recorded several reef fish and sponge species and hypothesized that reefs on the Amazon shelf could work as stepping stones connecting the Brazilian and Caribbean Biogeographic Provinces. After the seminal works mentioned above, and before the publication of Moura et al. (2016), several other pieces of evidence amounted to the existence of the GARS. Moura et al. (1999) recorded a relatively high richness of scleractinians in the southern portion of the GARS and one reef fish species previously known only for the Caribbean (Chromis scotti), reinforcing Collette & Rützler’s hypothesis. Comprehensive biogeographical data further corroborated their hypothesis by showing that reef occurrence in the Amazon shelf could explain connectivity patterns for reef fish in the Atlantic (Rocha, 2003; Floeter et al., 2008). Ayres Neto et al. (2009) compiled geological and geophysical data and concluded that reefs up to 20 m in height exist near the Amazon shelf’s edge. Moreover, based on primary, museum and literature data, Cordeiro et al. (2015) recorded 38 coral species (including 27 octocorals, nine scleractinians, one hydrocoral, and one black-coral). They concluded that mesophotic coral ecosystems occur offshore of the Amazon River.

Soon after Moura et al. (2016), Francini-Filho et al. (2018) provided the first-ever submarine and drop cam footage for the GARS. They uncovered the presence of reefs covered by living benthic organisms between 70-220 m depth and the existence of distinct habitats, such as rhodolith beds (i.e. bottoms extensively covered by free-living calcareous algae nodules), live carbonate platforms and sponge bottoms. Because some of the surveyed reefs were outside the range of reef occurrence proposed by Moura et al. (2016), and based on the typical isobath in which the reefs were found, Francini-Filho et al. (2018) suggested that reef habitats could extend for up to 56,000 km2 of the Amazon shelf. Afterward, Marceniuk et al. (2019) recorded extensive reef fisheries and listed 93 reef associated fish species in the GARS. Finally, reefs covered with living organisms were recently recorded to the north (Guyana) (Giresse et al., 2022) and south (Ceará) (Carneiro et al., 2022) of the GARS.



The controversy

After the initial excitement over the GARS, an abstract published at the 49th Brazilian Congress of Geology entitled “Myths and truths on the corals of the Amazon River mouth” raised doubts about the very existence of the reefs (Figueiredo Júnior, 2018). The author argues that: 1) the GARS is a drowned reef covered mainly by sponges, dead crustose calcareous algae (CCA) and few dead corals and 2) the muddy low-light environment under the Amazon River plume is not favorable for carbonate deposition (i.e. reef growth). Both arguments proved to be invalid. Kempf (1970) already reported that living sponges are common on an “upper living layer” of Melobesia calcareous algae in the GARS. All samples analyzed by Cordeiro et al. (2015) presented living tissues, conflicting with the idea of “a few dead corals”. Moura et al. (2016) showed that rhodoliths with high vitality (i.e., >50% of live cover) dominated the central and southern portions of the GARS. Remote sensing analyses by Omachi et al. (2019) confirmed that enough light reaches the bottom of the GARS to allow photosynthesis and growth of reef-building organisms, i.e. calcareous algae and photosymbiotic corals. Mahiques et al. (2019), using radiocarbon data, showed that reef organisms are alive and growing in the entire extension of the GARS. Finally, Francini-Filho et al. (2018) and Mahiques et al. (2019) provided images of the GARS showing high coverage of live reef-building organisms throughout the GARS (Figure 1).

The vitality of the GARS was also recently questioned by Vale et al. (2022). They referred to the term “reefs” in quotation marks throughout the text and concluded that “a thin layer of encrusting organisms, coralline algae, sponges, bryozoans and serpulids presently colonizes most of these surfaces”. This conclusion contrasts with Moura et al. (2016) statement that “in a significant portion of the Amazon reef range, in all sectors, there is a living assemblage of reef-associated organisms typical of West Atlantic mesophotic and deep reefs”. Using the thickness of living organisms as a criterium to define reef vitality is inappropriate, as the living layer of a healthy reef can range in thickness from just a few millimeters, as is the case with the surface of coral colonies, to more than a meter, such as across the tissue of the giant barrel sponges Xestospongia muta found throughout the GARS (Francini-Filho et al., 2018). It is worth noting that Vale et al. (2022), considered only “high-relief structures” as reefs and did not consider the extensive high-vitality rhodolith beds on the Amazon shelf (Moura et al., 2016, Vale et al., 2018). Rhodolith beds are widely recognized as significant components of Mesophotic Coral Ecosystems (MCE) (Amado-Filho et al., 2012; Sissini et al., 2022). The definition of MCE was reached at the first International MCE workshop: “Mesophotic coral ecosystems (MCEs) are characterized by the presence of light-dependent corals and associated communities that are typically found at depths ranging from 30 to 40 m and extending to over 150 m in tropical and subtropical regions. The dominant communities providing structural habitat in the mesophotic zone can be comprised of coral, sponge, and algal species” (Hinderstein et al., 2010). In this context, the mosaic of benthic megahabitats of the GARS perfectly fits to the MCE definition, with features typical to those found in other MCEs across the globe (Loya et al., 2019).

More recently, Santos Filho et al. (2022), using seismic and bathymetric data provided by oil companies, presented a new size estimate for the GARS: 13,478km2. Although this is actually larger than the reef size given by Moura et al. (2016) (~ 9,500 km2), the authors concluded that “The Amazon Mesophotic Reefs, actually a much smaller area than previously predicted by Moura et al. (2016) and Francini-Filho et al. (2018), would correspond to a small portion of a Great Brazilian Mesophotic Bioconstruction Province”. It is unclear if Santos Filho et al. (2022) included rhodolith beds in their reef size estimates, further contributing to the confusion about the GARS extension. They mislead the readers to believe that the GARS is not an MCE by stating that “mesophotic reefs seem to happen in isolated spots over the outer FZA [Foz do Amazonas sedimentary basin]” and that “The misconception that these environments constitute an MCE can give a different analysis by the general public from its real state and can disqualify its true environmental importance (biological diversity, abundance and ecological relevance)”. Finally, they claimed that using the term “great” to name the Amazon reefs is inappropriate because the GARS is only a little over half of the size of the Great Barrier Reef (GBR; ~25,600 km2). Although the decision to use a superlative adjective to name the GARS is subjective, we reiterate here that the adjective “great” is suitable in light of the scale of the reef and the regional context. It is extraordinary to find an MCE larger than half of the area of the GBR unusually close to and connected with the world’s largest rainforest, river, and continuous mangrove belt. Ironically, Santos Filho et al. (2022) coined the name “Great Brazilian Mesophotic Bioconstruction Province” to purposely downplay the GARS’s grandeur.



Moving forward

Less than 5% of the GARS has been studied in detail (Francini-Filho et al., 2018) and further research is evidently necessary. Basic data, such as detailed information on bathymetry and current patterns and the relative abundance of fish and benthic organisms, are still lacking. Among top research priorities to subsidize effective conservation and sustainable uses of the GARS, we highlight the importance of: 1) developing accurate maps and predictive models for marine habitats and anthropogenic threats, 2) descriptions of spatio-temporal patterns in biodiversity and oceanographic parameters, 3) assessments of fish stocks (catch, effort and basic biological parameters), 4) socio-economic reliance on coastal and marine resources and 5) conservation planning initiatives for the implementation of area-based management tools such as the establishment of marine protected areas. This data-poor context explains why the Federal Prosecutions Office deemed inadequate the oil dispersal models presented in the last request for oil exploration in the Amazon shelf. Finally, despite a recent compilation of spatial data for the Amazon shelf (Araujo et al., 2021), there is still no formal conservation prioritization exercise specifically tailored for the region, except for broad models recently developed for the entire Brazilian coast that indicate priority areas in the Amazon shelf (Brasil, 2018; Magris et al., 2021). Alarmingly, the GARS region still lacks any type of marine protected area. Therefore, detailed planning initiatives that consider the region’s complex dynamics, the threats from different human uses, and the spatial distribution of key habitats and species are urgently required.



Conclusion

Our daily lives are impacted by disbelief in science, particularly in the post-truth era in which we live (Compton et al., 2021). For example, during the COVID-19 pandemic, countries with higher trustworthiness in science also presented higher confidence in vaccination (Sturgis et al., 2021). The current turmoil about oil exploration in the Amazon shelf is taking a disproportionate political dimension in Brazil. Weekly press news flood the media with claims that the GARS does not exist and that previous scientific studies are fake. Scientific denialism also threatens other biomes in Brazil, such as the Amazon Forest and Pantanal wetlands (Diele-Viegas et al., 2021). In this scenario, replicable and trustable science is essential to effectively guide political actions towards the conservation and rational use of marine resources in the region. Thus, we call for a scientific consensus about the extension and vitality of the GARS based on replicable open-access data obtained through independent research. This requirement is essential considering that Environmental Impact Assessments in Brazil are often of poor quality, based on scattered data, financed by the same companies requesting environmental licenses and mostly flawed (Ruaro et al., 2021, Dias et al., 2022). A common ground among the different groups studying the GARS, as well as clear and sound evidence-based communications with the general public, are critical to foster confidence to all stakeholders interested in the conservation and sustainable uses of the GARS and adjacent coastal/marine habitats.
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