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Deep-water environments make up 64% of the world’s oceans (nearly 202 million km2). In the past, the belief that this environment represented one of the most stable and unproductive ecosystems on the planet has been refuted by scientific research and the interest of potential productive sectors evaluating seabed resources. Human activities that threaten the health of deep-sea threats are uncontrolled and unregulated fishing, deep-sea mining, oil spills, marine litter, and climate change. With recent advances in technology, the study of deep-sea coral communities is a growing subject. The deep-sea corals are long-lived, slow-growing, and fragile systems, making them especially vulnerable to physical damage. In the last 40 years, Colombia has discovered these communities’ existence scarcely distributed in its territorial waters. A representative and irreplaceable sample of deep-sea coral formations triggered in 2013 the establishment of the Corales de Profundidad National Natural Park, a Marine Protected Area (MPA), which holds 40% of the marine biodiversity known in the Colombian Caribbean continental shelf-slope break. The MPA’s essential ecological value is the Madracis myriaster species’ presence as a primary habitat-forming organism, a unique habitat for the Caribbean and the world. Here we describe the MPA creation process in three phases. Firstly, in the provisioning phase, three main threats from human activities are identified. Secondly, in the preparation phase, the area’s conservation objectives and management category are defined, and the negotiation process with the fishing, communications, and oil and gas economic sectors is described. Lastly, in the designation phase, three MPA scenario proposals were evaluated, assessing the minimum distance, the possible effects of activities in the area as the main criteria for the buffer zone and the management of possible future impacts. As a result, the most extended boundary was adopted, guaranteeing these communities’ conservation despite the limited information to carry out a complete planning process. The MPA designation is considered the first experience of deep communities in the Southern Caribbean and an example that it is possible to have effective conservation agreements with economic sectors.
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INTRODUCTION

Deep-sea corals have been known and commercially exploited (e.g., jewellery making) since the 18th century. For decades, technological advances in the exploration of deep-sea environments have made it possible to locate them and understand their distribution on a global scale (Freiwald et al., 2004). Today, we know that deep-sea coral communities distribute throughout the ocean, forming genuine biodiversity hot-spots (Roberts and Hirshfield, 2004; Roberts et al., 2006).

There is a hypothesis establishing greater species diversity in deep-sea coral communities than in tropical shallow reef communities (Roberts et al., 2009). Despite this, most of these communities have not yet adequately been mapped or studied. Deep-sea benthic communities are underrepresented in most countries marine protected systems (Lourie and Vincent, 2004), becoming one of the most significant challenges worldwide, as deep-sea ecosystems have large gaps in conservation (Fischer et al., 2019; Gownaris et al., 2019; Stratoudakis et al., 2019).

Deep habitat exploration began in the 1970s along the Colombian Caribbean, with two expeditions carried out by the Rosenstiel School of Marine and Atmospheric Science aboard R.V. Oregon and RV Pillsbury. They continued in 1995 with a joint expedition between the Marine and Coastal Research Institute (INVEMAR), National Navy Oceanographic and Hydrographic Research Center and the Smithsonian Institution aboard the R.V. Ancon (Figure 1). INVEMARs research reached continental biodiversity margin was up to 900 m in 1998. Among the most remarkable results of the last expedition (2000) was the discovery of three deep-sea azooxanthellate coral formations (DSCF) (Figure 2). The first one, dominated by Cladocora debilis species, is located at La Guajira’s peninsula at 70 m deep. The second is positioned north off-coast the city of Santa Marta at 200 m depth, accounting for 12 species of scleractinian corals, associated mainly with Madracis myriaster. In front of the San Bernardo Archipelago at 150 m depth, the third area is M. myriaster dominant, accompanied by 19 scleractinian coral species (Reyes et al., 2005).
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FIGURE 1. Timeline for the designation process of the Corales de profundidad National Natural Park in Colombia.
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FIGURE 2. Map of the Colombian Caribbean with the three main sectors of Deep-sea coral formations (Guajira, Tayrona, and San Bernardo).


Deep-sea azooxanthellate coral formations (DSCF) have long life cycles and are adapted to more stable conditions than shallow environments, making them very vulnerable to physical damage and environmental disturbance considered fragile environments (Roberts and Hirshfield, 2004; Ramirez-Llodra et al., 2011). Among the anthropogenic factors that threaten these formations are demersal fisheries’ bottom trawling (Pusceddu et al., 2014; Huvenne et al., 2016), submarine cables dredging installation, deep-sea mining, and offshore oil and gas exploration (Freiwald et al., 2004). After uncontrolled and unregulated fishing, offshore hydrocarbon exploration is considered the second most crucial threat worldwide to the conservation of deep-sea coral communities (Roberts et al., 2006; Davies et al., 2007). Offshore oil and gas activities can have detrimental direct and indirect environmental effects during the main phases of exploration, production, and decommissioning phases (Cordes et al., 2016).

Colombia’s commitments to the United Nations Convention on Biological Diversity (United Nations CBD) and contributing to the Aichi Target 11 comply with conserving at least 10% of marine environments worldwide by 2020 (CBD, 2010). Between 2010 and 2015, accessed financial resources from the Global Environmental Facility-GEF through the United Nations Development Program for the identification, preparation, and implementation of the project “Design and implementation of the Subsystem of Marine Protected Areas (SMPA) as part of the National System of Protected Areas in Colombia (SINAP, from its Spanish acronym) (Figure 1). Within the framework of the project, the designation of new MPA’s was pursued. This paper describes the new MPA’s provisioning, preparation, and designations phases for the inclusion of DSCFs as a new conservation target, improving SMPA representativeness, and describing the negotiation process with the main economic sectors involved in the conservation strategy.



MATERIALS AND METHODS


Study Area

One of the discovered deep-sea azooxanthellate coral formations sits in southeastern Colombian Caribbean’s, between the continental platform’s shelf edge and slope, facing the Gulf of Morrosquillo and the San Bernardo Archipelago (Figure 2). The DSCF is outlined at 32 km from the nearest continental point and 12 km from the Corales del Rosario y San Bernardo National Natural Park. The area is made up of the shallow coral formations of the greatest geomorphological and structural development in the Colombian continental Caribbean (Díaz et al., 2000). It is a dynamic interaction area between three tectonic plates, Nazca, South American, and the Caribbean, whose displacements generate compression and shearing phenomena rising the San Jacinto and Sinú belts. Mud diapirism is a predominant geomorphology factor, allowing the establishment of shallow coral communities (Vernette, 1985; Vernette et al., 1992) and deep-sea coral formations (Santodomingo et al., 2007).

The DSCF shows a clear association with some geo forms. On soft sandy-muddy bottoms, branched corals like Madracis spp. communities are dominant. On hard bottoms, communities contain octocorals (soft corals), black corals (antipathia), anthozoans, and corals of the genus Madrepora. Sponge communities grow on dead fragments of the Halimeda limestone algae (Santodomingo et al., 2007). Madracis myriaster is the dominant structuring species, found at depths of between 150 and 160 m (Reyes et al., 2005), although recent studies have extended its distribution to 202 m depth (Cedeño-Posso et al., 2017).



MPA Designation Process

The MPA design followed three phases under the technical guide for the declaration of new areas and extensions in the National Protected Areas System in Colombia (SINAP) (Pérez and Zambrano, 2009): provision, preparation, and declaration (Figure 1). Two governmental authorities led the entire process, the National Natural Parks System of Colombia (PNNC, from its Spanish acronym) and the Ministry of Environment and Sustainable Development (MADS). INVEMAR provided technical and scientific support to the entire process.


Provision Phase

In the beginning, a broad review of various information sources and fieldwork data was intended to support the MPA’s designation and to justify its contribution to the SINAP’s conservation objectives.

Priority conservation site portfolios were the basis for conducting a representativeness gap analysis within the SINAP. The verification of DSCF communities as part of ecoregional planning exercises within the country and abroad was established. Also, identifying potential threats to the main economic activities in the area could be detrimental to the future viability of the MPA. For this site, industrial and artisanal fishing, telecommunications for installing submarine cables, and the exploration and exploitation of oil and gas in the area were previously identified. Possible threats from ocean acidification due to climate change were also considered.

We used cartographic information provided by the Marine Environmental Information System of Colombia1, the National Land Map (exploration blocks) of the National Hydrocarbons Agency (ANH)2, and the HMN Technologies map for submarine cables3. Furthermore, information was supplied by the General Maritime Directorate and the National Environmental Licensing Authority. All the spatial information was analyzed with ArcGIS 9.3.1 software.



Preparation Phase

In this phase, the biophysical and socio-economic information was consolidated. Information was requested from sectoral Government entities on oil and gas exploration and exploitation projects, development of communications infrastructure (submarine cables), and the identification of industrial and artisanal fishing zones. We identify and describe the main ecological criteria supporting the importance of the area. The ecological criteria were (1) richness and uniqueness, (2) representativeness, (3) ecosystem services, (4) ecological connectivity, (5) research and, (6) vulnerable habitats and human threats. Identifying conservation objectives and goals (natural values of the area) determined the site’s delimitation factors. Goals, criteria, guidelines, and procedures regulate the System’s different categories according to the conservation objectives of the protected areas of SINAP (Decree 2372,2010). One of the main results of this phase is the design limits of the MPA. Three scenario proposals for negotiation within buffer zones reduced telecommunications’ economic activities, the fishing, and oil and gas industry effects.



Designation Phase

As a resulting product phase, a summary document containing all the information collected and analyzed during the previous stages set out priority strategic actions that must be taken in the MPA’s future. The Colombian Academy of Exact Physical and Natural Sciences required a favorable prior concept for designing a protected area within the national management scope of the PNNC. Once this was done, MADS published the country’s official administrative act through a designation Resolution.



RESULTS


Provision Phase


Deep-Sea Coral Formations as a Conservation Priority

The inclusion of DSCF in SINAP was supported by the results of a representativeness gap analysis in the National Natural Parks System of Colombia (Segura-Quintero et al., 2012), wherein no MPA included these communities. Despite three distinct zones (Guajira, Tayrona, and San Bernardo) had already been described (Reyes et al., 2005; Figure 2) and selected as a priority site for the conservation of coastal and marine biodiversity (Alonso et al., 2007) and significant biodiversity area of the continental margin (Alonso et al., 2010), the San Bernardo Archipelago DSCF was selected to advance the MPA designation process, given the rare presence of the species Madracis myriaster as the primary habitat-forming organism (Santodomingo et al., 2007), becoming a global research reference (CBD, 2012; Secretariat of the Convention on Biological Diversity, 2014).



Main Threats

Threats from major economic activities and ocean acidification due to the climate change process were identified in the area. Origins, causes, and possible effects documented in scientific literature within these communities in other regions of the world (Table 1) before the designation of MPAs describe the context of threats results according to the area’s review of information.


TABLE 1. Main threats from economic sectors on deep-sea coral formations.
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Commercial bottom trawling and other bottom fishing

Within the Colombian Caribbean, industrial trawling is prohibited, and artisanal exclusive areas for fishing are regulated. The areas currently used as the leading industrial shrimp trawl fishing grounds (∼70 m) do not overlap with the DSCF (Figure 3A). However, due to the overexploitation and depletion of the shallow-water shrimp stock, the National Fisheries Authority of Colombia has carried out in alliance with the national research group’s bioprospection to determine the potential of the fishery resources of deeper-water. The results show that between 100–600 m, there is a high abundance of three shrimp species (giant red, pink and royal red) and a deep-sea lobster, especially in the northern Caribbean, where a seasonal up-welling occurs (Paramo and Saint-Paul, 2012b; Paramo et al., 2012). Also, the presence of artisanal and industrial deep-sea fishing longlines or hooks located near the DSCF can cause mechanical damage to coral colonies and affect fish populations associated with these formations (Figure 3B; Roberts and Hirshfield, 2004).
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FIGURE 3. Main economic activities developed in the sectors with the presence of Deep-sea corals formations in the Colombian Caribbean. (A,B) commercial bottom trawling and other bottom fishing, (C) presence of submarine cables for telecommunications, (D) oil and gas exploration blocks.




Installation and presence of submarine cables for telecommunications

According to the geospatial information analysis, the DSCF overlaps the southwest end with the underwater fiber optic cable4 (Figure 3C), which runs 826 km from the municipality of Tolú to the island of San Andrés. This cable was installed between 2009 and 2010 and is now managed by the Ministry of Information Technology and Telecommunications. In the process of placing a submarine cable, it buries in shallow areas. Maintenance or repair activities can generate mechanical damage to benthic marine organisms, resulting in the loss of habitat and mortality of specific populations (Austin et al., 2004). However, this impact is localized in time and space because the cable’s diameter varies between 2 and 5 cm; the affected area is a strip of a maximum of 8 m wide. Once the line lais on the bottom, maintenance approved every 10 or 15 years, and repairs become less common thanks to advances in fiber optic technology (Carter, 2009).



Oil and gas exploration activities

In the last decade, Colombia has been undertaking one of the most ambitious bets exploring offshore oil and gas, mainly focusing on the Caribbean basin. The Government’s decision and companies in the sector bet on offshore projects opened a new demand for marine environmental studies (DNP, 2011). By crossing cartographic information, it was possible to observe that the location of the DSCF overlapped with exploration areas called Fuerte Norte and Fuerte Sur. These areas are reserved and assigned since 2006 for hydrocarbon exploration by the company ECOPETROL S.A. through the National Hydrocarbon Agency (Figure 3D). Therefore, it was necessary to carry out a negotiation process and agreement under MADS coordination, which will be discussed later.



Ocean acidification due to climate change

Among the ocean environment’s alterations associated with climate change, deep-sea coral reefs could be affected primarily by ocean acidification (Table 1). Rising atmospheric carbon dioxide levels may alter the global ocean’s chemical balance by reducing pH (Davies et al., 2007). The distribution of deep-sea scleractinian corals could be limited, partially by the depth of the aragonite saturation horizon (ASH) in the world’s oceans (Guinotte et al., 2006). Reduced growth rates have been observed in deep-sea coral Lophelia pertusa (Maier et al., 2009), supporting the findings that aragonite regulates their distribution. For calcification rates, the synergistic effect of acidification, heating of water, and dissolved oxygen (hypoxia) produce systemic stress in organisms. Therefore, metabolism (acid-base balance, respiration, and photosynthesis) and growth and reproductive processes are affected (Hofmann et al., 2010; Barry et al., 2011). Since the stress caused by climate change and acidification has global sources and causes, the MPA’s designation in itself will not solve the issue. Still, it can help provide adaptation and resilience for the habitats involved by controlling other local stress sources.



Preparation Phase


Ecological Importance of the Area


Richness and uniqueness

Today the most remarkable diversity of species is recognized in the deep-sea coral communities compared to tropical shallow scleractinian coral communities (Roberts et al., 2006). Nineteen species of scleractinian corals have been reported in the DSCF across San Bernardo Archipelago. It is estimated that they include approximately 40% of the Colombian Caribbean biodiversity of the continental shelf (Reyes et al., 2005), with nearly 142 invertebrate and fish species with high levels of diversity, richness, and uniformity compared to other neighboring areas (Urriago et al., 2011). The species Madracis myriaster is the primary azooxanthellate coral in the Colombian Caribbean deep-sea communities. This species has not been reported previously in the Caribbean region nor other places in the world as the primary-habitat forming organism of deep-sea corals waters (Lutz and Ginsburg, 2007). This characteristic makes it a unique habitat not only in the Caribbean region but also in the world.



Representativeness

Protected areas’ ecological representativeness is an adequate sample of biodiversity at different biological organization levels (genes, species, communities, and ecosystems), guaranteeing ecological processes and their long-term viability (Stevens, 2002; Dudley and Parish, 2006; Barr et al., 2011). If a particular kind of habitat has not yet been protected, it should have a high rating (Salm et al., 2000; Stevens, 2002). San Bernardo Archipelago holds 64% of the total DSCF coverage known in the Colombian Caribbean. The inclusion of these communities in an MPA would make it possible to fill the identified conservation gap (Segura-Quintero et al., 2012) and advance in fulfilling commitments to the United Nations Convention on Biological Diversity (CBD).



Ecosystem services

Deep-sea coral communities have been identified as the habitat for certain commercially important fish and crustacean species (Freiwald et al., 2004). In Florida, a close relationship has been found between the abundance of species of fishery importance (grouper, snapper, and mackerel) and the conservation status of deep coral colonies of the genus Oculina (Koenig et al., 2005; Reed et al., 2007). In the northern Colombian Caribbean, fishing exploitation statistics suggest a correlation between sites identified as fishing grounds with high volumes of commercially important fish catch (snapper and horse mackerel) and areas with deep-sea corals (Majarres, 2004). Additionally, the high biodiversity associated with DSCF in the Colombian Caribbean offers a refuge for many deep-sea species (Reyes et al., 2005). This diversity has an intrinsic value, with a significant potential for bioprospecting in the production of secondary metabolites. It has been studied in scleractinian coral species as Lophelia pertusa and Madrepora oculata (Mancini et al., 1999; Skropeta, 2008).



Ecological connectivity

Connectivity is an essential criterion for MPA and network MPA design (Roberts et al.,2003a,b). It is described as the linkage of spatially distinct populations, communities, ecosystems, or habitats to exchanging genes, organisms, nutrients, and energy (Almany et al., 2009; Botsford et al., 2009). In this way, the community’s composition regulates, and the ecosystem’s capacity to recover from a disturbance increases (Gaines et al., 2007). Although connectivity processes in this DSCF have not been evaluated, five common fish species associated with shallow coral reefs from the Corales del Rosario and San Bernardo National Natural Park (Reyes et al., 2005) suggest a possible ecological relationship with these reefs. Thus, it is possible to hypothesize about the possible use of DSCF as stepping-stones sites in the population dispersing processes considered exclusive to shallow environments. Understanding the links between shallow and deep coral fish communities will depend on future studies that obtain spatial and temporal coverage of these habitats’ use and the specific mechanisms that mediate their distribution and abundance (Auster, 2007).



Importance for knowledge and research

There are considerable knowledge gaps about DSCF to be addressed through multidisciplinary research. These include distribution models, geology, biology, ecology, and human impact assessment (Freiwald et al., 2004). The main characteristic of this area is the presence of Madracis myriaster as a structuring coral, where it has been evidenced that they could be relatively new communities (on a wide time scale) given the absence of lithification processes (Lutz and Ginsburg, 2007) conditioned to diapirism and gas emission events, and subduction from tectonic activity (Duque-Caro, 1984; Vernette, 1985). The main research fields arising from this DSCF would be studying reproductive biology and larval dispersal considered molecular genetics. These communities’ longevity and slow growth allow for a very high-resolution record to generate historical reconstructions of climatic and oceanographic conditions. Their global distribution also allows comparisons on long time and space scales (Roberts et al., 2006). These qualities make them highly valuable for climate research and modeling.



Vulnerable habitats and human threats

Intact habitats that can easily be damaged or changed by human activities increase MPA’s priority (Roberts et al., 2003b). Due to their biological characteristics and oceanographic environment, DSCF are particularly vulnerable to physical damage. Vast areas of these communities have disappeared in a short time due to fishing activities in different parts of the world (Davies et al., 2007; Ramirez-Llodra et al., 2011). The information collected on current and potential uses show a high risk of threat to the conservation of the San Bernardo DSCF due to the growth of the oil and gas industry (DNP, 2011), the increasing technology of fishing gear to access ever deeper fishing grounds (Paramo and Saint-Paul, 2012a) and the increase in the installation of submarine cables. Additionally, of the nine species included in the “Identification Manual of marine invertebrates of Colombia” for the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) (Reyes and Santodomingo, 2002), seven are present in the Colombian Caribbean DSCF. There are reports from Colombia as an exporting country before CITES for their value in elaborating jewels (Lutz and Ginsburg, 2007), although the sites and depths of exploitation of this resource are unknown.



Conservation Goals of the MPA

The conservation objectives of a protected area are the starting and ending point toward planning actions guiding the definition of management priorities (Salm et al., 2000). Based on the ecological criteria described above and the selection of the DSCF as the principal conservation target of the site, two conservation objectives were defined for the MPA: (1) to preserve the DSCF located at the shelf-edge and the upper slope, as an expression of ecosystem representativeness and uniqueness and essential habitat for marine diversity, and (2) to contribute to the supply of ecosystemic goods and services provided by the DSCF, especially considering their potential connectivity with other marine ecosystems and their role in the dispersion of diverse species of benthic habitats.



Choosing the Management Category

Considering the current management categories of SINAP (Decree 622,1977; Decree 2372,2010), the category that best fits the conservation objectives proposed for the DSCF area is the Natural National Park (NNP). The NNP is equivalent to Category II- IUCN National Park (Dudley, 2008). For a definition of NNP, see Decree 622 (1977).

The activities allowed in NNP are preservation, restoration, recreation, research, education, and culture. In the case of the San Bernardo Archipelago, all these activities are viable. However, recreational and cultural activities are limited because it is a remote deep water area. Still, the option of underwater tourism could be explored in the future.



Scenarios for the Delimitation of MPA

The NNP design began with the integration of technical information and national consensus. It was oriented to incorporate the conservation targets (Deep-sea coral formations) with local planning perspectives by the different institutional actors and productive sectors. Three scenarios with varying boundaries of NNP were proposed and discussed with stakeholders (Figure 4). These conditional factors were taken into account to define the limit: (1) include a 100% coverage of the DSCF; (2) establish the minimum distance where the possible effects of activities in the area (i.e., bottom fishing, oil, and gas) did not threaten the viability of conservation objectives, and (3) the limits facilitate monitoring and control by the environmental authority.
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FIGURE 4. Delimitation of the polygons for the possible scenarios of the designation of the marine protected area. Distances of deep-sea coral formations edges (km) in each design (A) staircase, (B) rectangular, and (C) rhomboid.


For scenario A, a staircase polygon was proposed with 12 georeferenced vertex points covering an area of 87,338 ha (Figure 4A). Scenario B proposed a square polygon with an area of 142,192 ha (Figure 4B). For scenario C, a rhomboid was proposed with an area of 93,137 ha (Figure 4C). Of the three scenarios, scenario B has the largest area, both on the continental shelf (50,771 ha) and the continental slope (70,986 ha), and reaching the highest depth (1,234 m) (Table 2).


TABLE 2. Area coverage and depths of the three scenarios proposed for the delimitation of the Marine Protected Area.

[image: Table 2]All three scenarios meet the first conditional factor. For future monitoring, control, and surveillance activities of NNP, scenarios B and C best fit this requirement as they cover only four vertices. However, only scenario B was adjusted to parallel and meridians (i.e., latitude and longitude), assuming that, at sea, these actions with updated GPS equipment and nautical charts can be more easily performed with this System of geographical coordinates and exercise better management of the area.

On the other hand, to evaluate the second condition, there is scientific evidence on the direct physical and chemical impacts that the oil and gas sector generates (e.g., anchor chains, drill cuttings, and drilling fluids) on benthic communities in the various steps of the exploration and production process (Olsgard and Gray, 1995; Sammarco et al., 2004; Gass and Roberts, 2006; Netto et al., 2009; Larsson and Purser, 2011; Jones et al., 2012; Purser and Thomsen, 2012; White et al., 2012). Due to the drilling of multiple wells in the exploration phase, the predominant discharges during drilling would be the cuttings. The deposition of the cuttings on the seabed depends mainly on local oceanographic conditions and the depth they are discharged (Breuer et al., 2004). Physical burial of natural seabeds shows detrimental effects at distances between 100 and 500 m from the well (Santos et al., 2009; Jones et al., 2012), where recovery is likely to be slow. Lesser biological effects are detected in community parameters at distances of 1,000 m or in areas with stronger currents and at depths of 2,000 m from the drilling platform and where elevated hydrocarbon levels can extend up to approximately 4–5 km in the direction of the direct current (Olsgard and Gray, 1995; Lincoln, 2002). Based on the above, the three scenarios were designed with minimum distances to the DSCF of between 3 and 5 km, with scenario B having the longest (∼ 18 km) and shortest distances (∼ 3 km) (Figure 4B).



The Negotiation Process With the Economic Sectors

Scenarios proposal for the new NNP were discussed with each of the economic sectors in separate meetings to avoid alienating these interest groups with marginal adverse effects (Armstrong and van den Hove, 2008).


Fishing sector

With the fishing sector meetings through the National Fisheries Authority, the restrictions on carrying out activities in an NNP were exposed. Scenarios A and C were compared, and unlike scenario B, they did not guarantee a sufficiently large and safe buffer area for positioning and operation of fishing gear (e.g., bottom and longline fishing) invading the NNP boundaries. This argument was supported by experiences such as that of Gully MPA in Canada and MPA Darwin Mounds in the United Kingdom, both with the presence of the deep-sea coral of Lophelia pertusa (Linnaeus, 1758) and where fishing activities were prohibited in 2002 and 2003, respectively, due to the damage caused to these communities (Breeze and Fenton, 2007; De Santo and Jones, 2007).

According to fishing statistics in the Colombian Caribbean, a sharp decrease in fish catches began in 2007, with 47% only in the 2009–2010 period (Rueda et al., 2013). Furthermore, the catch sizes of the leading commercially important fish species in the Caribbean (i.e., grouper, snapper, and mackerel) were below the average size at sexual maturity (MADR–CCI, 2010). For the fishing sector, it was essential to describe the existing scientific evidence in more than 100 areas of the world on the direct and indirect benefits of the designation of marine reserves (MPA where fishing is restricted) (PISCO, 2008). These studies demonstrate the increase in the abundance, diversity, and size of the marine species that live within the MPA and the biomass they export, maximizing fish spill-over (Babcock et al., 2010; Murillo et al., 2011). Based on the above, the fisheries sector welcomed the establishment of this new NNP with the limits of scenario B as a complementary strategy to recover and preserve commercial fisheries since DSCF are strategic sites in their life cycles.



Telecommunication sector

Telecommunications is an exponentially growing industry worldwide, facing the need to connect continents and islands through fiber optic cables across the ocean becoming increasingly common due to new technology (Carter, 2009). In the first meetings to approach the sector about the future declaration of the NNP, the lack of coordination between the environmental sector and the communications sector was indisputable. Despite the evidence from the DSCF, since 2005 in the area where the submarine cable was laid, there was no mapping of these communities’ spatial distribution when the project was presented to the environmental authority in 2010. Therefore the project was made viable in the Environmental Impact Assessment. Therefore, the proposal for scenario B for the PNN was accepted, given the importance of this area in planning the country’s conservation priorities and the consolidation of SINAP (DNP, 2010).

Furthermore, in areas where there are submarine cables in Colombian jurisdictional waters (EEZ), the anchoring of any boat and trawling is prohibited, and any maritime activity that maintains complete or partial contact with the sea bottom. In those cases, parallel safety zones of 1/4 nautical mile (500 m) are established on each side of the cable, duly marked on the nautical charts (Resolution 204,2012). This Colombian regulation strengthens the management measures within the new NNP.



Oil and gas sector

Due to the exponential increase in demand and the depletion of hydrocarbon reserves in more accessible locations, deep-waters oil and gas exploitation is a growing industry worldwide (Freiwald et al., 2004). During the Design and designation of this NNP, the mining and energy sector (e.g., offshore gas and oil) constituted one of the five main economic development strategies in the National Development Plan (NDP) 2010–2014 (DNP, 2011). Thus, seismic exploration activity in Colombian territory and mainly in Caribbean waters between 2009–2011, was the highest in the last three decades, concentrating on offshore areas and licensing exploration blocks at an unprecedented rate (ANH, 2011), which would continue increasing as proposed, for oil and gas supply and demand scenarios in Colombia in 2030 (UPME, 2012).

The negotiation on the selection of the best scenario of the NNP limit to the industry required a much broader negotiation time, given the presence of the DSCF within two hydrocarbon exploration blocks reserved and assigned by the ANH to the ECOPETROL S.A. (Fuerte Norte Block and Fuerte Sur Block; Figure 3D).

The areas had two exploration and production contract actives since 2006 with BHP Billiton Petroleum5. The industry started from the premise of subtracting a minimum area from the blocks that would allow the conservation of these communities and the continuity of oil and gas exploration operations. The above was encouraged by the NDP 2010–2014, which for the first time in Colombia, prohibited the development of mining activities, exploration, exploitation of hydrocarbons, aquaculture, industrial trawling, as well as the extraction of coral components for the elaboration of handicrafts in coral reefs (Law 1450 of 2011: article 207, paragraph 1). Furthermore, within the two oil and gas exploration contracts, there was the possibility of making “reductions in assigned areas” if the competent Environmental Authority adopts the extension of reserved, excluded, protected, or restricted areas after the contract is signed. Likewise, suppose new such areas are established, the extension of which corresponds partially to an assigned exploitation area. In that case, the contractor irrevocably undertakes to fully respect the conditions and regulations to which the area is subject and to comply with the obligations and requirements.

Therefore, the sector was more inclined to select scenarios A or C since they specifically met a buffer area of at least 5 km and areas of smaller polygons (Figure 3), which generated a balanced proposal for both parties. The strategy of minimizing the alignment of proposals with the three sectors in a discussion meeting, having achieved a prior consensus of scenario B with the two previous sectors, allowed the first significant advance in negotiations with the oil and gas sector. As part of the technical support, the recently published results on the impacts of the Deepwater Horizon oil spill in the Gulf of Mexico in April 2010 were evaluated. These effects impacted the deep-sea coral, reaching a depth of 1,370 m and a distance of 11 km to the Macondo well (White et al., 2012). This threat in marine areas could translate into severe impacts on these communities characterized by low metabolism, growth, and reproduction rates (Freiwald et al., 2004; Ramirez-Llodra et al., 2011).

For this reason, a polygon with a larger area was designed with the precautionary principle strengthened, in the face of a possible future accident, as the NNP is adjacent to the two exploration blocks. A study on the individual size, frequency, and total amount of oil spilled in the United States MPAs showed that although fewer spills within the MPAs, there are no significant differences in the effects within and outside (Dalton and Jin, 2010). Therefore, having a much larger buffer area, such as scenario B, will allow clear rules and policies to be developed within the NNP management plan that reduces vulnerability to potential oil spills.

Furthermore, the area where the DSCF was identified in 2012 as part of an ecologically or biologically significant marine area (EBSA), during the Wider Caribbean and Midwest Atlantic regional workshop to facilitate the description of EBSA, in Recife, Brazil (CBD, 2012; Secretariat of the Convention on Biological Diversity, 2014). This recognition generated international anticipation to protect these communities with a characteristic of singularity or rarity and strengthen the national position to preserve this area’s ecological integrity.

There is a knowledge gap of the physical (i.e., deep currents) and biological processes that control these communities. Presence, distribution, and connectivity processes are not well understood within and outside of NNP. The sector accepted scenario B’s proposal as the best option based on the precautionary principle.



Designation Phase

Once the negotiation process was over, in 2012, the NNP proposal was presented to the Colombian Academy of Exact Physical and Natural Sciences under “Corales de Profundidad National Natural Park.” The designation of the NNP was carried out in 2013 through an administrative act signed by the MADS (Resolution 339,2013). This MPA became the first Colombian underwater marine national park to conserve the DSCF found on the edge of the continental shelf and the upper slope as an expression of ecosystem representativeness, uniqueness, and essential habitat for a great diversity of marine species. It was also the first MPA in the Latin American and Caribbean region to conserve these DSCF. This new area became the 14th MPA of the System of National Natural Parks as part of SINAP with an area of 142,192.15 ha (Figure 4B), contributing to Colombia’s international commitments to the 11th Aichi Target for Biological Diversity of the CBD.



DISCUSSION

Including the DSCF as a conservation target in the designation of a new MPA for Colombia was a process that took 40 years to build, if we take into account the first scientific evidence found of these communities in Colombian waters and the subsequent expeditions between 1995 and 2005 (Reyes et al., 2005; Santodomingo et al., 2007, 2013; Alonso et al., 2015).

The secondary information reviewed in the provisioning phase allowed justifying the urgency of establishing an in situ conservation strategy, since these communities are a conservation priority in the country (DNP, 2010), following other countries in the region such as Brazil, Chile, and Venezuela (Chatwin, 2007), and other Marine Ecoregions of the World (Álvarez-Romero et al., 2018). The designation of the NNP allowed conserving 64.7% of the currently estimated area covered of these communities in the Colombian Caribbean and improving the representativeness of the System of National Natural Parks (Alonso and Corredor-Rubiano, 2020), contributing to the conservation of these communities in recent decades by including them in countries such as France (Fabri et al., 2014), Spain (Serrano et al., 2017), United States (Auster et al., 2020) and future designations for discoveries such as in the northern Red Sea waters of Saudi Arabia (Qurban et al., 2020).

The uniqueness criterion conferred by the Madracis myriaster species as the primary-habitat forming organism supports this NNP designation’s ecological importance in the Caribbean and worldwide. However, although the lack of scientific information for designation, recent research within the NNP has expanded and confirmed the ecological importance of recording mesophotic coral communities (Sánchez and Andrade, 2014; Sánchez et al., 2016). The presence of 80 fish species as large snapper and groupers (Chasqui-Velasco and González-Corredor, 2019) highlights the black grouper’s presence Hyporthodus nigritus, captured at a depth of 200 m (Bustos-Montes et al., 2013). Recent campaigns have advanced in the knowledge of the geomorphology of the marine bottom of the NNP (Morales-Giraldo et al., 2017) and expanded the distribution of the DSCF (Cedeño-Posso et al., 2017).

Although the designation of the NNP was based on the potential ecosystem services provided by the area, a recent study made the first approach to capture the economic value of the ecosystem services provided by this DSCF, concluding that the NNP has an essential value associated with its existence (non-uses values), where people are willing to pay a high value that would be equivalent to around the United States $ 95 million annually (Maldonado and Cuervo, 2016).

The National Natural Park category limits the three economic activities identified as significant threats to the area. The exclusion of future industrial fishing activities, especially bottom trawling, should avoid physical damage to these deep-sea communities, which continue to report losses and damages worldwide (Pusceddu et al., 2014; Clark et al., 2015). On the other hand, given the industry’s growth offshore oil and gas in Colombia (DNP, 2019), it is crucial to consider the potential threat that would have lead to a potential oil spill in the adjacent exploration areas.

During the last decade, after the Deepwater Horizon oil spill accident in the Gulf of Mexico (Fisher et al., 2014), the need to fill information gaps regarding the response of deep-water corals to oil and chemical dispersant exposure (DeLeo et al., 2016), growth rates and ages of deep-sea corals impacted (Prouty et al., 2016), and the importance of studying the physical oceanography of the area to predict the movement of water and the hydrocarbons they carry in future scenarios blowout (Joye et al., 2016). These research questions unresolved in the NNP should be strengthened with the industry of oil and gas to obtain baseline information required for a solid understanding of these systems’ ecology and interpretation of the results of monitoring, both local and regional scale (Cordes et al., 2016).

In general, fishing and oil and gas activities outside the NNP will continue, so the area management plan must be integrated into a broader marine management strategy such as integrated coastal zone management (MMA, 2000). Likewise, to marine spatial planning schemes that are being advanced in the area (Afanador-Franco et al., 2019), where the articulation of these planning tools is recommended to obtain the success in the effectiveness of the MPA (IOC-UNESCO, 2017). This harmonization of planning instruments is a challenge ensuring that the governance of the NNP is based on shared visions and goals.

To design limits of the NNP was the most critical step in the designation process. One of the most significant weaknesses was the limited information of the area and the few other world regions’ experiences. Uncertainty about the scope of potential threats was always present in the negotiation process; however, the country’s political will was clear from the beginning, managing to lay the minimum technical and scientific bases to support this conservation strategy actors involved. Describing the behind-the-scenes process of designation and simplifying discussions and decisions was not an easy task. However, it will serve as a case study to contribute to the process of building the global framework for biodiversity post-2020, currently under negotiation (CBD, 2018), and demonstrate that it is possible to generate spaces for consultation and agreements between the productive and environmental sectors to protect marine biodiversity in this type of deep environment.


Lessons Learned and Opportunities

This first experience in the designation of marine protected areas of such nature allowed the acquisition of some lessons learned: (1) to follow a system based on using the best available scientific evidence precautionary approach, where scientific discourse’s transparency reinforced confidence in knowledge. (2) To promote actions to strengthen decision-making and the private sector’s commitment to achieving the country’s conservation objectives as a signatory of the Convention on Biological Diversity and the Aichi Target 11. (3) To encourage the harmonization of Government and economic sectors with the marine protected area’s management, differentiated to avoid alienating the stakeholders by seeking solutions with marginal adverse effects. (4) Promote cooperation of the oil and gas industry, fisheries, and communications with scientific research to manage future environmental impact.

The NNP designation opens up future opportunities in various actions. One of the most important in the short term is bringing different stakeholders and the general public closer to these communities’ existence and fragility through education and communication campaigns (for example, photos, multimedia videos). These actions should be thought of and directed at discrete and defined audiences. The latter will allow a better understanding and acceptance of the need and importance of protecting these invisible resources for society.

Finally, it will be essential to promote cooperation between government entities to reduce surveillance and control costs over the NNP. Likewise, strengthen strategic alliances with nationally and internationally recognized academic and research institutions to direct future research and monitoring programs.
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1https://siam.invemar.org.coinformacion-geografica/

2https://geovisor.anh.gov.co/tierras/

3https://www.submarinecablemap.com/#/

4https://www.submarinecablemap.com/#/submarine-cable/san-andres-isla-tolu-submarine-cable-sait
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bpepth data calculated with GEBCO Grid model.





