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The Mohn’s Treasure, described as an inactive sulfide mound, was discovered at 2,600-m depth on the Arctic Mid-Ocean Ridge (AMOR) in 2002. In 2015, we conducted the first biological survey of Mohn’s Treasure using remotely operated vehicle (ROV) photo transects and sampling. This site is covered by a thick layer of fine sediments, where hard substratum is only visible as rocky outcrops on ridges. The observed benthic community was typical of Arctic bathyal systems. A total of 46 species (identified as morphospecies) were recorded, with densities varying from 12.2 to 31.6 ind.m–2. The two most abundant phyla were Porifera and Echinodermata. The sediment is dominated by fields of the stalked crinoid Bathycrinus carpenterii, whereas areas of hard substratum were characterized by high abundances of several sponge species and associated fauna. Interest in commercial exploration and exploitation of minerals from massive sulfide deposits is rising globally, and the AMOR is being targeted for mineral exploration within Norwegian waters. Gathering baseline ecological data from these poorly known sites is thus urgent and essential if robust resource management measures are to be developed and implemented. The results of this ecological survey are discussed in relation to the designation of deep-sea vulnerable marine ecosystems (VMEs) and their implication in management and conservation of areas targeted by the emerging deep-sea mining industry.
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INTRODUCTION

Since hydrothermal vents were discovered in 1977, scientific research has been the primary source of anthropogenic disturbance in these ecosystems. However, there is increasing interest in commercial exploration of seabed minerals in general and a special focus on potential exploitation of seafloor massive sulfide (SMS) deposits that also host vent communities and habitats (Van Dover et al., 2014). SMS are large deposits of polymetallic-bearing sulfides on and below the seabed, formed through precipitation of metals contained in the hydrothermal fluids emanating from active vents. SMS deposits can be found associated to active vents, as well as at inactive ones, where fluid flow has stopped, and the chemosynthetic-based faunal communities have disappeared (Van Dover, 2019). At active hydrothermal vents, large biomass of highly adapted organisms is sustained by the primary production of chemoautotrophic microorganisms, both free-living and in symbiosis with the fauna (Van Dover, 2010). Mining SMS deposits represents a whole new level of impact on these unique and rare vent ecosystems (Van Dover et al., 2018), and a better understanding of the community composition, ecosystem function, and population connectivity is essential for the development of sound environmental management, conservation measures, and decision making.

The ultraslow-spreading Arctic Mid-Ocean Ridge (AMOR) comprises the Kolbeinsey Ridge, Mohn’s Ridge, and Knipovich Ridge (Figure 1), with the sections from Jan Mayen to off Svalbard within the Norwegian exclusive economic zone (EEZ) and Extended Continental Shelf. Several active areas have been discovered and studied in the AMOR since 2005, ranging from upper bathyal (140–700 m) vents at the Jan Mayen Vent Field and Seven Sisters Vent Field, to deep bathyal sites (2,400–2,200 m) at the Loki’s Castle and AEgir vent sites (Pedersen et al., 2010a; Schander et al., 2010; Olsen et al., 2016). In 2018, a new active site was observed at more than 3,000-m depth on the Mohn’s Ridge between Loki’s Castle and AEgir, during an exploration survey for potential mineral deposits in the AMOR commissioned by the Norwegian Petroleum Directorate. In addition to the active sites, two inactive sites have been reported so far along the AMOR: Copper Hill (900-m depth) on the central Mohn’s Ridge, for which very limited geological information is available (Pedersen et al., 2010b) and Mohn’s Treasure (2,600 m). Mohn’s Treasure is located at the edge of an inner rift wall, 30 km southwest of Loki’s Castle, and was described as a massive inactive sulfide deposit based on hydrothermal deposits collected in a rock dredge in 2002 (Pedersen et al., 2010b). Lim et al. (2019) provided magnetic data of the fossil sedimented-hosted hydrothermal deposit, delineating a deposit of approximately 200 × 150 m buried under 15 m of sediments, as well as two new deposits. The ecology of AMOR vents has been studied for the shallow active vent fields and Loki’s Castle. While the shallower vents at Seven Sisters and Jan Mayen vent fields do not support typical vent communities, the Loki’s Castle vent field is characterized by chemosynthetic-based fauna, including gastropods, siboglinid polychaetes, and an endemic species of amphipod (Pedersen et al., 2010a; Tandberg et al., 2011, 2018; Kongsrud and Rapp, 2012; Kongsrud et al., 2017). The AEgir vent field, discovered in 2015 and poorly studied to date, seems to host a similar fauna to Loki’s Castle communities, with, however, a lower diversity of vent specialists (Olsen et al., 2016). No biological information was available for the inactive Copper Hill and Mohn’s Treasure sites.
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FIGURE 1. Map of the study area. (A) Regional map showing the Arctic Mid-Ocean Ridge with the location of Mohn’s Treasure (red dot) and the three main ridges: KOR, Kolbeinsey Ridge; MR, Mohn’s Ridge; KR, Knipovich Ridge on the Mohn’s Treasure. (B) Bathymetry of the study area showing the video transects (VT). Mohn’s Treasure map made by Christian Malmquist, NTNU AUR Lab.


Interest in potential seabed mineral resources has increased rapidly in the last decades, and 30 exploration licenses are currently (November 2019) active within international waters, seven of which are for SMS deposits (ISA, 2019). The International Seabed Authority (ISA) Mining Code that will regulate mineral exploitation in The Area (i.e., the seafloor in the area beyond national jurisdiction) is being developed based on the United Nations Convention on the Law of the Sea (UNCLOS). The Mining Code contains environmental regulations that should ensure that the marine environment is protected from any harmful effects, which may arise during mining activities, including, among others, a precautionary approach and the use of best environmental practices such as environmental impact assessments (EIAs), baseline data collection that follows an ecosystem-based approach and monitoring programs (Jaeckel, 2015; UNCLOS articles 137, 145, 153). Norway’s interest in its potential seabed resources has also increased rapidly, and a new “Act on Mineral Activities on the Continental Shelf” entered into force on 1 July 2019, regulating all exploration for and exploitation of subsea minerals on the Norwegian Continental Shelf (Seabed Mineral Law, 2019). The act includes provisions to avoid damage to the marine environment and seabed cultural heritage, as well as avoiding pollution and litter. These provisions include, among others, the requirement for an EIA prior to opening a geographic area for mineral activity. The EIA should contribute to highlight interests from different stakeholders in the area, identify to what degree the mining activity would impact the environment, and estimate potential industrial, economic, and societal impact. However, knowledge on the biological composition, ecological functions, and population connectivity of microbial and faunal communities at many vent sites in international waters and most of the AMOR active and inactive sites within Norwegian jurisdiction is still utterly scarce (Eilertsen et al., 2018), strongly limiting the robustness of any environmental regulations and/or management measures. This is particularly true for inactive sites, as most research so far has focused on the abundant and exotic communities of active vents. Van Dover (2019) reviews current knowledge of inactive sites worldwide and highlights the limited geological and ecological understanding currently available of these habitats and a lack of consensus of what characterizes inactive hydrothermal sites. No biological information was available for Mohn’s Treasure prior to this study. The aim of this study was to provide the first biological data of the region by assessing the faunal composition, community structure, and biodiversity of the megabenthic community to provide initial baseline information that can inform management measures related to seabed mining in the AMOR region.



MATERIALS AND METHODS


Study Area

The Mohn’s Treasure site is situated at 73°44′N–07°27′E, at the edge of an inner rift wall 30 km southwest of the active Loki’s Castle vent field, at 2,600- to 2,800-m depth (Figure 1). All data were gathered on board the multipurpose subsea vessel CSV Polar King during a research cruise in the framework of the MarMine project in the summer of 2016. The study area was divided into four sampling sites, based on differences in depth and seafloor steepness identified from the low-resolution multibeam data that were available prior to the cruise (Figure 1). Site 1 comprises the deepest parts of the Mohn’s Treasure region, with a gentle slope at ca. 2,810-m depth. Site 2 is located between 2,745- and 2,750-m depth and is located at the start of what resembles a plateau because of its very low steepness. Site 3 is in the middle of the plateau at 2,720 m, and Site 4 is located at 2,385-m depth and has the greatest steepness gradient.



Sampling

All data were gathered during systematic remotely operated vehicles (ROVs)-based video/photo transects using low light navigation cameras Kongsberg OE13-124 and a CCD color camera Kongsberg 14-366 for still photos (Ludvigsen et al., 2016) mounted on a Triton work-class ROV (XLR 02). The ROV was equipped with two green lasers (532 nm), projecting two parallel lines on the seafloor with a distance of 10 cm, which were used to calibrate the field of view and size of object of interest. The video transects (VTs) were conducted flying the ROV at 1 m above the seafloor at a constant speed of 0.4 knots (0.2 m s–1), using the approach detailed by Ludvigsen et al. (2016). Because of the low resolution of the video cameras on the ROV, color photographs were taken at ca. 15-s interval (one photo every 3 m of seafloor). A total of eight transects were conducted (Table 1), with one transect of 800-m length (VT5, Site 3) perpendicular to the other shorter transects (200-m length): three replicates (VT6–VT8) at Site 1, two replicates (VT9–VT10) at Site 2, and two replicates (VT11–VT12) at Site 4. However, we had a technical issue in the still camera during VT12, so this transect is not included in the analyses. Between 68 and 108 images were taken during transects VT6–VT11, but overlapping images were excluded from the data set (Table 1). On transect VT5, 560 images were taken, but only 70 randomly selected photographs (average of number of photographs analyzed from the other transects) were included in the analyses. The field of view (area covered by each image in m2) was calculated based on the ROV height above seafloor, seafloor angle, camera angle, image width/height, and camera vertical/horizontal field of view.


TABLE 1. Overview of the video transects on the Mohn’s Treasure analyzed in this study.
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Analyses

The transects were analyzed both qualitatively and quantitatively. All specimens observed were identified to the lowest taxonomic level possible from the ROV images, based on expert knowledge (HR, TB, and EP) and additional literature (Clark, 1970; Clark and Downey, 1992; Madsen and Hansen, 1994; Cárdenas et al., 2013; Hestetun et al., 2017; Plotkin et al., 2018).

All individuals in each image along each transect were identified to the lowest taxonomic level possible and counted. The total abundance within a transect was divided by the transect area (Table 1) to obtain the density (ind.m–2) for each morphospecies per transect. The density data were grouped by phylum for graphic representation (Table 2). The community structure was assessed with multidimensional scaling (MDS) using PRIMER v.6 based on Bray–Curtis similarity and square-root transformation of the morphospecies density matrix. Basic biodiversity indices [Margalef’s species richness, Shannon–Weaver diversity, ES(50), and Pielou’s evenness] were computed for each transect based on morphospecies data. The lack of replicates in Sites 3 and 4 did not allow conducting statistical analyses so the data could only be compared qualitatively among sites.


TABLE 2. Density (ind.m–2) of the different morphospecies observed in Mohn’s Treasure.
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RESULTS


Environmental and Biological Observations

The ROV video surveys analyzed four sites at different depth ranges on Mohn’s Treasure (Table 1). The survey showed a highly sedimented habitat as would be typical for lower bathyal and abyssal regions, with sparse rocky outcrops (Figure 2). Site 1 in the deeper surveyed area (average depth 2,783 m) was covered by soft sediments. At the end of the transects in Site 1 (VT6, VT7, and VT8), we came across a small rocky ridge, with hard substrate making up approximately 8% of the area. Site 2 started at this ridge and progressed to shallower depths (average depth 2,724 m) on a steeper sedimented slope. Hard substrate covered approximately 22% of the surveyed area. Site 3 (average depth 2,678 m) was surveyed by a long (800 m) perpendicular transect to the other transects, along a low steepness area covered with fine sediment. This area was intercepted by rocky outcrops (10%) colonized by sponges and associated fauna. Site 4 was the shallowest area surveyed, on a steeper slope (average depth 2,353 m). This region had a mixture of coarse and fine sediment with more rocky outcrops. Site 4 had approximately 35% of its surface represented by hard substrate.


[image: image]

FIGURE 2. Mohn’s Treasure fauna. (A) Sedimentary plain at Site 1 with dense aggregations of the stalked crinoid Bathycrinus carpenterii. Insert: close-up of one individual (scale bar = 2 cm). (B) Rocky outcrop with sponges and associated fauna on Site 2 (scale bar = 10 cm). (C) Site 3 was dominated by fine sediments with holothurians and asteroids as well as rocky outcrops with sponges. The insert shows the holothurian Kolga species and the asteroid Hymenaster pellucidus (scale bar = 5 cm). (D) Site 4 was dominated by hard substrates with high abundance of filter feeders, in particular sponges (scale bar = 10 cm).


In general, areas of soft sediment were mainly inhabited by stalked crinoids and mobile fauna such as holothurians, asteroids, and crustaceans, whereas the rocky outcrops were colonized by abundant sponges of different species/morphotypes, non-stalked crinoids, and crustaceans. Site 1 was mostly covered by high densities (21.4 ind.m–2) of the stalked crinoid Bathycrinus carpenterii on the soft sediment (Figure 2A). This species was observed forming in dense crinoid fields in the deepest part of Monh’s Treasure, both along the VTs and during other ROV dives that were not dedicated to linear VTs. Site 2 included also large abundances of stalked crinoids on the sediment, while sponges and associated fauna dominated the rocky outcrops (Figure 2B). Site 3 was covered mostly by fine sediment with deposit feeders such as holothurians and asteroids, and rocky outcrops with sponges (Figure 2C). Site 4 had a higher proportion of hard substrate and the communities shifted to more sessile, filter feeder communities, mostly of a variety of sponges, crinoids, and associated fauna (Figure 2D).



Community Structure

A total of 491 ROV photos were analyzed, comprising a seafloor area of 741 m2 (Table 1) with mean area per photo of 1.51 ± 0.41 m2 (±SD). The mean density per site varied from 12.2 to 31.6 ind. m–2 in Sites 3 and 2, respectively (Figure 3). A total of 46 species or morphotypes were identified, belonging to seven phyla. Porifera was the most diverse phylum with 25 different species/morphotypes, followed by Echinodermata with seven different species/morphotypes. Porifera and Echinodermata were also the most abundant groups in all sites representing, respectively, 42 and 47% of the total density. Sponges were most abundant in Site 2 (16.8 ind.m–2), Site 3 (9.1 ind.m–2), and Site 4 (22.4 ind.m–2), whereas echinoderms were most abundant in Site 1 (22.6 ind.m–2). Within these two phyla, the sponges Lissodendoryx complicata and Hymedesmia sp. were the most abundant in all transects, representing 17% of all observed individuals, and the stalked crinoid B. carpenterii was the most abundant echinoderm, representing 43% of all observations. The latter was particularly abundant in Site 1, reaching an average density of 21.4 ind.m–2.
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FIGURE 3. Density (individuals.m–2) of the different phyla observed during the photo transects on Mohn’s Treasure.


The species accumulation curves indicated that the 200-m VTs were a good representation of the megafauna community found in the surveyed area of Mohn’s Treasure. Most of the curves started leveling off after 75 m (25 photos) of survey (Figure 4). In VT5, the species accumulation curve had a steeper increase in number of species, potentially caused by the number of rocky ridges that were crossed by this longer transect. The multidimensional analysis showed that the communities from the three transects in Site 1 and the two transects in Site 3 grouped well together and were different from the communities in Sites 3 and 4 at 60% similarity (Figure 5).
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FIGURE 4. Species accumulation curves for the six ROV transects in Site 1 (VT6, 7, and 8), Site 2 (VT9 and 10), Site 3 (VT5), and Site 4 (VT11).
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FIGURE 5. Multidimensional scaling plot. Green circle represents 60% similarity. Site 1: VT6, 7, and 8. Site 2: VT8 and 9. Site 3: VT5. Site 4: VT11.




Biodiversity

Although no statistical analyses could be conducted because of the lack of replicates in Sites 3 and 4, the four computed indices followed a similar pattern, with Margalef’s species richness, Pielou’s evenness, Shannon diversity, and ES(30) lower at Site 1 (Figure 6). This site was characterized by fields of stalked crinoids, which explain the low species richness, the low evenness caused by the dominance of one species, and low Shannon diversity.
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FIGURE 6. Margalef’s species richness (d), Pielou’s evenness (J’), Shannon biodiversity (H’), and estimated number of species (ES50) at the four sites on Mohn’s Treasure. Site 1: VT6, 7, and 8. Site 2: VT8 and 9. Site 3: VT5. Site 4: VT11.




DISCUSSION

Although Mohn’s Treasure has been described as a massive sulfide deposit, the only evidence of mineralization found during the entire MarMine survey over the area (13 ROV dives) was a few meters of oxidized basalt outcrops comprising minor pyrites and features possibly formed by diffuse discharges (Ludvigsen et al., 2016). Subsequent analyses of magnetic data collected during the cruise suggest the presence of deposits buried under 15 m of sediments (Lim et al., 2019). The general seascape was that of a sedimented rift valley, with the seafloor composed mainly of soft sediment with basalt outcrops. Although biological data of the region around Monh’s Treasure are relatively scarce, the fauna observed in our survey resembles that of communities described from other lower bathyal Arctic regions such as the Shultz Bank, a seamount to the east of Mohn’s Treasure (Meyer et al., 2019), or a deep-water reef in the Fram Straight, west of Svalbard (Meyer et al., 2014). In all these regions, echinoderms dominate the sedimentary habitats, whereas suspension feeders, mostly sponges, and their associated fauna such as crinoids and arthropods dominate the hard substratum (Meyer et al., 2014, 2019; Roberts et al., 2018). In Mohn’s Treasure, the most abundant taxa were sponges, representing 42% of the fauna and dominated by desmosponges, similar to what has been described for the Shultz Bank communities (Meyer et al., 2019), and echinoderms in the lower region of Mohn’s Treasure where high-density fields of the stalked crinoid B. carpenterii were observed. The fauna is very different from that of the active Loki’s castle vent field, which is characterized by chemosynthetic-based fauna, including the amphipod Exitomelita sigynae, the siboglinid worm Sclerolinum contortum, and the rissoid gastropod Pseudosetia griegi (Tandberg et al., 2011, 2018; Kongsrud and Rapp, 2012; Olsen et al., 2016; Kongsrud et al., 2017). The Mohn’s Treasure fauna differs also from the communities described from the Seven Sisters and Jan Mayen vent fields. The fauna in these active, upper-bathyal hydrothermal vents (120–700 m) is characterized by non-vent endemic fauna dominated by anemones and calcareous sponges (Schander et al., 2010; Sweetman et al., 2013). The difference to the Mohn’s Treasure fauna is probably related to depth and enhanced food supply at the active vents through microbial production (Sweetman et al., 2013). Within Mohn’s Treasure, the differences observed among the sites in the MDS can reflect local variability, where the VT crossed one or more rocky ridges at which different sponge species dominate (Beazley et al., 2018; Meyer et al., 2019). The sponge grounds support a rich community of other invertebrates, providing habitat and food (Maldonado et al., 2016). In contrast, the sedimentary areas are characterized by scarce megafauna that can be analyzed from ROV imaging, with only some echinoderms or fish observed sporadically. In addition, the deeper site surveyed at Mohn’s Treasure was characterized by fields of the stalked crinoid B. carpenterii, not observed at the other sites. These differences result in lower biodiversity indices at the deepest site where B. carpenterii dominates.

In relation to the increasing interest for seabed minerals, seven licenses for exploration of SMS deposits in areas beyond national jurisdiction have been granted by the ISA (2019), whereas exploration is also rapidly developing in national waters of some countries such as Japan and Norway. Following the publication of the Norwegian Minerals Act in July 2019 (Seabed Mineral Law, 2019), interest in the seafloor mineral resources of Norway has been increasing dramatically, leading to two exploration cruises in the AMOR, in 2018 and 2019. Although previously described as a massive sulfide deposit (Pedersen et al., 2010b), no resource exploration has been conducted at Mohn’s Treasure to date. In addition, our ROV observations and magnetic data collected during the MarMine cruise (Lim et al., 2019) indicate that this is a highly sedimented system, which would not be, in principle, interesting to mineral exploration in the current technological and economical context. However, Mohn’s Treasure is situated only 30 km to the south of Loki’s Castle active hydrothermal vent field and other active vents with potential sulfide deposits, which have been identified along the Mohn’s Ridge since 2015 (Olsen et al., 2016). The exploitation of mineral resources from the seabed is expected to lead to widespread environmental impacts. These include both direct impacts on the targeted habitat and associated fauna caused by the mining machinery and indirect impacts on adjacent ecosystems caused by the creation and dispersal of sediment plumes with high concentrations of particles, potentially including the dispersal of toxic chemicals (Boschen et al., 2013; Van Dover et al., 2018). If commercial exploration for, and subsequent exploitation of, mineral resources was to be conducted in the AMOR region, robust environmental baseline studies and EIAs will need to be conducted. Our survey provided the first biological study of the Mohn’s Treasure region that can be used to design and support future baselines studies in the region.

In the framework of a full-scale baseline study of the region, an important component would be the assessment of the benthic communities, including the potential presence of vulnerable marine ecosystems (VMEs) (Burgos et al., 2020). VMEs are characterized by the uniqueness or rarity of the ecosystem, its fragility, the functional significance of its habitat, and the presence of key species with life-history traits that make recovery difficult and structural complexity (FAO, 2009). The VME guidelines identify a series of taxa as indicators, including, among others, cold-water corals, sponges, ophiuroids and stalked crinoids, bryozoans, ascidians, brachiopods, and xenophyophore foraminifera (FAO, 2019). Dense aggregations of stalked crinoids are considered VMEs when present in dense aggregations, as they can provide habitat for small invertebrates and are vulnerable to physical impact (Murillo et al., 2011). In our survey of Mohn’s Treasure, we observed dense aggregations of the stalked crinoid B. carpenterii with 21.4 individuals per m2, whereas other observations in the NE Atlantic/Arctic of B. carpenterii report much lower densities: 0.76 ind.m–2 on the Hausgarten Observatory in the Fram Strait (Taylor et al., 2016) and 1.3 ind.m–2 on a deep-water reef in the Fram Strait (Meyer et al., 2014). Although our survey of the lower Mohn’s Treasure area was limited to three transects, we suggest that the observations of dense fields of stalked crinoids, together with the presence of sponges aggregations on rocky outcrops throughout our transects, would need to be taken under consideration prior to any commercial activity for the exploitation of seabed minerals in the central Mohn’s Ridge. In the last years, interest on the mineral resources along the AMOR within Norwegian jurisdiction has increased rapidly, as evidenced by the two seabed mineral mapping surveys of the Norwegian Petroleum Directorate on behalf of the Ministry of Petroleum and Energy in 2018 and 2019. Although mining exploitation on Mohn’s Treasure seems unlikely currently, as any potential resources would be covered by a thick (ca. 15 m) sediment layer (Lim et al., 2019), new sites may be found in proximity. The potential exploitation of mineral resources in the region may result in harmful effects on the crinoid and sponge communities that we observed and on the ecosystem services they provide, such as nutrient regeneration and habitat provision. For example, close associations between ground-forming sponges and specialized microbes have proven to be key players in the biogeochemical cycling of nutrients along the ridge (Rooks et al., 2020). Stressors such as enhanced sedimentation or release of bioavailable metals caused by commercially exploited seabed minerals may have serious effects on ecosystem function, potentially changing these sponge communities from being nutrient sources to nutrient sinks (Rooks et al., 2020).

In addition, it is already well established that hydrothermally active and non-active areas of the AMOR host unique and poorly studied macrofauna, as well as a wide diversity of novel and uncultured microbial biodiversity (e.g., Dahle et al., 2015, 2018; Steen et al., 2016; Stokke et al., 2020). Metagenomic studies from the AMOR have identified novel archaeal lineages, which have challenged our views on the origin and evolution of eukaryotes and the topology of the tree of life (Spang et al., 2015). In addition, recent in situ enrichment and culture of rare sedimentary microbes at AMOR vents have revealed great potential for biodiscovery of novel enzymes for use in biorefining and bioconversion of industrially relevant substrates such as those produced in fish farming and wood-pulping industries (Stokke et al., 2020). Given the high degree of novel findings during work in the area over the most recent years, it is likely that they represent only the tip of the iceberg when it comes to the amount of potentially valuable genetic resources present in the AMOR region. Potential biodiversity loss from seabed mining (Niner et al., 2018), particularly in poorly investigated regions such as the AMOR, may result in the loss of biological knowledge, ecosystem services, and valuable marine genetic resources before we know them (Arrieta et al., 2010; Rabone et al., 2019).

Biological surveys such as the one conducted in this study are essential as a first step toward robust, ecosystem approach, baseline studies that would improve understanding of the ecosystems composition and functioning and their response to stressors (Levin and Le Bris, 2015). Although our study had limitations in terms of replication of transects and analyses of other community components (microbes and meio- and macro-infauna), we provide a first overview of the megabenthos communities of the Mohn’s Treasure and in particular observations of dense stalked crinoid populations and abundant sponge aggregations, which can inform future studies and instigate a dialog with the relevant stakeholders, including industry, authorities, and non-governmental organizations. Conducting thorough environmental baselines and EIAs of these poorly known regions, including both the target area and adjacent areas that may be indirectly impacted by exploitation activities, are necessary to avoid harmful effects to the ecosystem and the services it provides (Van Dover, 2010; Boschen et al., 2013; Van Dover et al., 2018). In addition to currently used technologies and methods for environmental baselines and EIAs, the development of new technologies such as the use of autonomous underwater vehicles (AUVs) and hyperspectral cameras mounted on AUVs and ROVs (Dumke et al., 2018) will greatly contribute to time- and cost-effective large-scale surveys of unknown regions, such as the AMOR, and their faunal communities. These data will provide essential information that is necessary to develop management measures for seabed mining.
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Site Transect ROV dive Date Start LAT/LON End LAT/LON Length (m) Depth No. ofimages Area analyzed
start-end (m)  (no. analyzed) (m3)
1 VT6 ROV8 24.08.2016  73,458,647/7,217,581 73,459,874/7,213,105 200 2,806-2,764 108 (76) 104.44
1 VT7 ROV8 25.08.2016  73,458,972/7,218,446  73,460,230/7,214,076 200 2,805-2,757 94 (69) 125.38
1 VT8 ROV10 26.08.2016  73,459,427/7,219,194  783,460,790/7,214,884 200 2,811-2,756 99 (99) 148.5
2 VT9 ROV5 23.08.2016  73,460,560/7,213,141  73,461,860/7,208,557 200 2,739-2,705 99 (63) 95.76
2 VT10 ROV5 23.08.2016  73,460,927/7,214,049  783,462,197/7,209,472 200 2,743-2,708 68 (52) 7512
3 VT5 ROV8 24.08.2016 73,459,819/7,189,748 73,464,403/7,209,727 800 (200) 2,657-2,698 560 (70) 103.50
4 VT11 ROV9 25.08.2016  73,469,900/7,177,835 73,471,163/7,173,581 200 2,378-2,328 102 (62) 84.77

VT, video transect; Start LAT/LON and End LAT/LON, start and end positions of each transect in WGS84 coordinate system.
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