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The present manuscript aims to contribute to the “COMM 12 - Decision 17-2024 to protect the
Salas y Gomez and Nazca ridges area”, that tasks the Scientific Committee to compile and
review all relevant scientific information and data about the Salas y Gémez and Nazca ridges
and recommend possible management measures to the Commission on its following regular
meeting, based on an ecosystem-based approach that aims at preserving its biodiversity and
SPRFMO fishing resources. Further, this paper is a key document contributing to the 2024
Scientific Committee Multiannual Workplan.

Abstract

e Salas y Gomez and Nazca ridges are a biodiversity hotspot of over 110 seamounts, each
one with a unique faunal composition and community structure, and with the highest
levels of endemism known for any marine ecosystem in the planet. Due to these features,
both ridges were declared “Ecologically or Biologically Significant Marine Area
(EBSA)” by the Convention on Biological Diversity (CBD) in 2014.

e  Marine ecosystems of the EBSA face multiple threats such as climate change, overfishing
and destructive fishing practices (e.g., bottom trawling), marine debris, potential seabed
mining, shipping, among others. However, only a small proportion of the Salas y Gomez
and Nazca ridges is protected in the jurisdictional waters of Chile and Peru.

e  There is sufficient scientific evidence for protecting the entire EBSA. There are more than
60 years of scientific expeditions, and a huge amount of research has accumulated over
the last five years in a strong international collaborative effort to explore both ridges.



Considering all the different scientific efforts we estimate that ~80% of the ridges has
been explored so far.

e The Nazca and Salas y Gomez EBSA represent only ~1,9% of the entire SPRFMO area.
Most of the fishing in this area is primarily concentrated on ABNJ in Nazca ridge in front
of Peruvian jurisdictional waters.

e Between 2019 and 2023 fishing effort in the EBSA remained low with an annual mean of
only ~292.956 hours of effort observed from 760 vessels. Among them, 83% belonged to
China, and 89% were squid jiggers.

e The main fisheries operating in the EBSA were the giant squid (Dosidicus gigas), tuna
(Katsuwonus pelamis, Thunnus obesus, and Thunnus albacares), and the swordfish
(Xiphias gladius), being only D. gigas relevant in the Nazca ridge.

e A spatial analysis of Dosidicus gigas catches between 2011 and 2021 reported that catches
within the EBSA represented only ~1,4% of the total SPRFMO area catches.

e  There is almost no fishing of jack mackerel (7Trachurus murphyi) in the EBSA.

o  (Considering an eventual fishing closure in the EBSA, a modeling study shows that fishing
effort after 2 years would significantly decrease in the region and would increase in the
south-east of the proposed closure area.

e  The water column and benthos are integrated systems linked through several biophysical
and ecological processes. Disrupting these processes could have major impacts in benthic
and pelagic communities, particularly in ultraoligotrophic waters like Salas y Gémez
ridge.

An Ecologically or Biologically Significant Marine Area

Salas y Gomez and Nazca ridges are two seamount chains that comprise more than 110
seamounts across over 2,900 km in the southeastern Pacific. This area is surrounded by the
Atacama Trench, the Humboldt current system, and oceanographic extremes like an oxygen
minimum zone, which contribute to extreme isolation and the highest levels of marine
endemism on Earth (Wagner et al., 2021). Most of both ridges (73%) are located in areas
beyond national jurisdiction (ABNJ), with a small northeastern section of the Nazca Ridge
located in Peru’s jurisdictional waters, meanwhile the Salas y Gomez Ridge stretches across
approximately 1,600 km between the Nazca Ridge and Rapa Nui and both ends are located in
the Chilean Exclusive Economic Zone (EEZ). The majority of the Salas y Goémez Ridges and
the southern portion of the Nazca Ridge are located near the center of the South Pacific Gyre,
a large-scale oceanographic feature characterized by ultraoligotrophic waters (Von Dassow &
Collado-Fabbri, 2014; Gonzdlez et al., 2019; Gaymer et al., 2022). This paucity of nutrients
makes this region particularly susceptible to anthropogenic and climatic disturbances (Andrade
et al.,, 2014). At the same time, this unusual water clarity in this region due to the
ultraoligotrophic conditions, permits sunlight to reach deeper depths than in other ocean areas



worldwide, and consequently primary productivity in this region occurs around 200 m in depth,
crustose coralline algae can be found down to around 300 m depth, and the deepest light-
dependent coral reefs are found (Wagner et al., 2021; Gaymer et al., 2022).

These seamount chains provide relevant ecological stepping stones and a migration corridor
for iconic marine fauna, including marine mammals, reptiles, sharks, seabirds and corals, with
93 species endangered, near threatened or vulnerable to extinction (Wagner et al., 2021; Gaymer
et al., 2022). In addition, the Nazca ridge and the eastern part of the Salas y Gémez ridge has
been pointed as a reproductive and nursery habitat for emblematic pelagic species such as Jack
Mackerell (Arcos et al.,, 2001; Yafiez et al., 2004, 2006), sharks (i.e. Carcharhinus
galapagensis) and swordfish (i.e., Xiphias gladius) (Vega et al., 2009; Morales, 2020), thus
they have a fundamental role to support fisheries occurring in adjacent waters.

Recent reviews by Wagner et al. (2021) and Gaymer et al. (2024a) and papers presented at
SPRFMO SC 8th, 9th and 10th (Wagner et al., 2020; SC9-Doc31; Gaymer et al., 2022), have
shown in detail the importance of this area as a biodiversity hotspot, with the highest levels of
endemism known for any marine ecosystem in the planet (Friedlander & Gaymer, 2021;
Friedlander et al., 2016, 2021; Wagner et al., 2021). Recent papers have also shown the
uniqueness of the seamounts, each one with a unique faunal composition, and community
structure (Mecho et al., 2019, 2021; Tapia et al., 2021), emphasizing that it is not enough to
protect only some of them to protect representative biodiversity.

Due to these features, both ridges were declared “Ecologically or Biologically Significant
Marine Area (EBSA)” by the Convention on Biological Diversity (CBD) in 2014, but they
have also received several international recognitions, such as a Hope Spot by Mission Blue,
Important Bird Areas (IBAs), as well as Key Biodiversity Areas (KBAs) (Wagner et al., 2021).
Most recently, the waters around Salas y Gomez Island were identified as an Important Shark
and Ray Area (ISRA), and Rapa Nui and the entire Salas y Gomez and Nazca ridges were
classified as a candidate Important Shark and Ray Area (ISRAc) by IUCN given the probable
occurrence of endemic species and its function as a marine corridor for migratory species
(IUCN SSC Shark Specialist Group).

Cultural importance

The broader region that contains the Salas y Goémez and Nazca ridges represents the
easternmost extent of the Polynesian Triangle, a region with an exceptionally rich and long
history of seafaring cultures (Metraux, 1940; Anderson, 2008; loannidis et al., 2020; Delgado
et al., 2022). Further, the human history of the waters surrounding the Salas y Goémez and
Nazca ridges is rich and culturally diverse. This ranges from indigenous cultures who first
ventured to this remote region close to a thousand years ago to the period of European colonial
exploration, as well as the rise of the modern global economy. Voyaging, fishing, and the
transportation of commodities across these remote waters left signs of the human history of
exploration and exploitation (Delgado et al., 2022).

Recent evidence suggests that Polynesian voyagers traveled along the Salas y Goémez and
Nazca ridges to the South American Continent long before European contact (Ioannidis et al.,



2020; Delgado et al., 2022). Wilmé et al. (2016) hypothesized that the early Austronesians used
the migration routes of sea turtles to move across the Southern Pacific Ocean, suggesting the
importance of these species for the Pacific communities.

Conservation efforts

As a result of the exceptional natural and cultural significance of the region, in recent years,
efforts have been made by Chile and Peru to protect the portions of the ridges located in their
jurisdictional waters (Paredes et al., 2019; Chavez-Molina, 2023). Several large scale marine
protected areas (MPA) created by Chile cover all the waters of the Easter Island and
Desventuradas ecoregions (Friedlander & Gaymer, 2021), and a recent MPA created by Peru
aims to protect the easternmost portion of the Nazca Ridge, although fishing is still allowed
above 1000 m (Decreto Supremo N° 008-2021-MINAM). While the recent efforts by Chile
and Peru provide important advances to safeguarding the unique biodiversity and cultural
resources of this region, most of these ridges (over 73%) fall within ABNJ, unprotected and
facing multiple threats, such as climate change, overfishing, destructive fishing practices (e.g.,
bottom trawling), plastic pollution, and potential seabed mining, among others (Wagner et al.,
2021; Boteler et al., 2023).

Water deeper than 200 m covers approximately 65% of the globe, making it the largest realm
on earth, and simultaneously, the largest conservation gap on the planet (Drasen & Sutton,
2017; Jacquemont et al., 2024), thus protection of this vast area is crucial to achieve the 30x30
initiative established by the Global Biodiversity Framework in 2022 (Gaymer et al., 2024a).

Threats

The Salas y Goémez and Nazca ridges are threatened by climate change, overfishing and
destructive fishing practices (e.g., bottom trawling), marine debris, potential seabed mining,
shipping, among others (Gaymer et al., 2024a).

Climate change impacts on marine diversity of this area are still not fully clear, the nutrient-
poor waters, the predicted increase in water temperature and decrease in dissolved oxygen,
make the region particularly susceptible to climate change (Dewitte et al., 2021). As such,
substantial changes in biochemical cycles and biodiversity, particularly shifts in species
geographic distribution and population connectivity are expected (Stramma et al., 2008; Diaz
& Rosenberg, 2008). Such changes could be significantly exacerbated by ENSO and other
oceanographic features of the region (Conejero et al., 2020; Yafez et al., 2017; Cai et al., 2020).

Models indicate that most of the Salas y Gémez and Nazca ridges region, outside the oxygen
minimum zone, will experience a marked deoxygenation trend (Gaymer et al., 2024a). The low
availability of nutrients makes this region particularly susceptible to anthropogenic and
climatic disturbances particularly for the benthic communities not capable of migrating over
long distances. The most recent study on the impact of climate change for Rapa Nui and most
of the Salas & Gomez ridge, using observational data from the last 24 years and 33 global
models under the present emissions’ scenario, showed that the seawater temperature will
increase 0.5 °C in the next 10 years and 1°C in the next 40 years (Gaymer et al., 2024b). In



contrast, this area shows a sustained decrease in the dissolved oxygen that is projected to
decrease 1,6 mol L-1 by 2034, up to 3,3 mol L-1 in 2064. The latter, added to the global trends
in ocean acidification, implies that numerous marine species that are important both
ecologically and socio-economically are at risk of changing their distribution by mid-century
(Gaymer et al., 2024b). The rudderfish, the amberjack, and the yellowfin tuna have high levels
of risk of changing their distribution and decreasing their abundance in the waters of the region.
Further, habitat forming species such as macroalgae and coral are also at risk of decreasing
their abundances (Gaymer et al., 2024b).

Fishing affects marine ecosystems by removing biomass and key species, but also through
practices that can destroy vast habitats and significantly damage non-target populations. The
effects are particularly strong in highly vulnerable ecosystems such as seamounts, which are
dominated by some of the longest living species on the planet.

There has been historical fishing targeting Jack mackerel, squid, tuna, striped bonito, marlin
and swordfish on the Salas y Gémez and Nazca ridges (Galvez-Larach, 2009; Vega et al., 2009;
Morales et al., 2021). Soviet trawling occurred on seamounts of the Nazca and Salas y Gomez
ridges for Jack mackerel (Trachurus murphyi) and redbaits (Emmelichthys spp.) in the 1970s
and 1980s (Parin et al., 1997; Arana et al., 2009; Clark, 2009). On seamounts of the Nazca
ridge and around the Juan Ferndndez Archipelago, there was a commercial fishery for orange
roughy (Hoplostethus atlanticus) and alfonsino (Beryx splendens) in the 90s, but it was closed
in 2006 following decreasing catches (Tingley & Dunn, 2018). On the Nazca Ridge, Chilean
and Russian vessels have fished for Chilean jagged lobster (Projasus bahamondei) and golden
crab (Chaceon chilensis) (Parin et al., 1997; Paya et al., 2005; Clark, 2009; Galvez-Larach,
2009; Vega et al., 2009; Yainez et al., 2009; Arana, 2014). On the Salas y Gémez Ridge, there
has been historic pelagic long-line fishing, which has impacted sharks and other pelagic species
(Vega et al., 2009; Galvez, 2012; Friedlander et al., 2013). However, today most of the fishing
in this region targets pelagic species and is primarily focused on ABNJ outside Peruvian
national waters of the Nazca Ridge. Catch data on Jack mackerel, squid and orange roughy in
this region are available from the South Pacific Regional Fishery Management Organization
(SPRFMO), whereas catch data on tuna and swordfish are available from the Inter-American
Tropical Tuna Commission (IATTC). Additional fishing effort data in this region are available
from Global Fishing Watch.

According to data reported by SPRFMO, squid fishing is also low in the Nazca and Salas y
Gomez Ridges. In 2008-2015, SPRFMO catch data showed only two vessels fishing in the
area, for a cumulative time of 20.5 hrs. (Wagner et al. 2021). Noteworthy, Global Fishing
Watch data showed that squid jiggers were considerably more active in this region in 2012-
2020 (SC10-Doc30). Between 2008 and 2021, jack mackerel catches were only recorded in
2008, 2010, 2020 and 2021, with less than 1,000 tons (SPRFMO, 2020, 2022). In 2022, the
SPRFMO granted to the Cook Island a Conservation and Management Measure (CMM) to
expand their exploratory potting fishery in the SPRFMO Convention Area to the Northern
Seamounts, overlapping with Salas y Gémez ridge. This CMM targeted lobster (Jasus spp. and
Projasus spp.) and crab (Chaceon spp.), allowing a combined (lobster and crab) total allowable



catch (TAC) that shall not exceed the global TAC of 300 tons per fishing year (CMM 14b-
2022).

Marine debris is another relevant threat in the Salas y Goémez and Nazca ridges, particularly
for Salas y Gomez, that is located in the center of the South Pacific Gyre, where concentrations
of floating litter and marine debris are high, as they are concentrated and trapped by the surface
currents of this gyre (Luna-Jorquera et al., 2019; Van Gennip et al., 2019; Wagner et al., 2021).
Floating marine debris in this region mostly consists of microplastics and medium-sized plastic
fragments, lines, buoys, plastic trays, plastic bags and nets (Thiel et al., 2018; Luna-Jorquera
etal., 2019).

These floating pollutants primarily originate from sources on the continental coasts, including
cities, beach goers, aquaculture, and fisheries (Thiel et al., 2018). Also, small fishing villages
and the large artisanal fishing fleet from the Chilean and Peruvian coast contribute high loads
of marine litter (Ortiz-Alvarez et al., 2022). As the transport of the floating litter from
continental sources to the center of the gyre may take several years, most of it breaks down to
microplastic fragments, which by far dominate the litter items found around Rapa Nui and
Salas y Gomez Islands (Eriksen et al., 2013; Hidalgo-Ruz & Thiel, 2013; Ory et al., 2017;
Gallardo et al., 2021). This litter affects more than 100 species of marine vertebrates,
particularly sharks, fishes, turtles, birds and mammals, through entanglement and ingestion
(Thiel et al., 2018). Also, incorporation of litter collected at sea into seabird nests is commonly
observed and reported (Miranda Urbina et al., 2015; Garcia-Cegarra et al., 2020; Hidalgo-Ruz
et al., 2021). Microplastics are ingested by a wide range of fishes (Ory et al., 2017; Chagnon
et al.,, 2018) and also higher-level consumers (Perez-Venegas et al., 2020; Santillan et al.,
2020). Microplastics are often concentrated in small- and mesoscale oceanographic features,
such as local fronts (with visual slicks), which has been observed around Rapa Nui, where also
zooplankton and fish larvae are often aggregated in these fronts (Gallardo et al., 2021).

Seabed mining is probably one of the greatest threats for deep offshore ecosystems. This
activity will not only irreparably damage extremely fragile and slow-growing benthic
communities (e.g., coral and sponges) that provide critical habitat for pelagic and benthic
species, mainly by drilling the sea floor and lowering the water column quality due to the
sediment plume produced (Watling & Auster, 2017; Spearman et al., 2020; Leduc et al., 2024),
but also contributes to a dramatic greenhouse acceleration process for example through the
exploitation of gasses 84 times more potent than CO? (Villar-Mufioz et al., 2024). Particularly,
seamounts on the Salas y Gomez and Nazca ridges are known to possess cobalt-rich
ferromanganese crusts on its edifice, with contents of Cu+Ni up to 0.3 %, and commercially-
valuable manganese nodules are known to exist on both sides of the Nazca Ridge, which could
have important concentrations of Cu and Ni (up to 1.38 % Cu+Ni) and Co (mean values up to
0.53 %) (Hein et al., 2013; Miller et al., 2018; Garcia et al., 2020; Toro et al., 2020).
Polymetallic massive sulfides are known from hydrothermal vents located to the west of the
Salas y Gomez Ridge on the East Pacific Rise (EPR) (Garcia et al., 2020), that that could have
similar compositions to those samples obtained further north over the EPR: 35.8% Fe, 9.1 %
Zn, 6.8 % Cu, 45.5 % S, 1.2 % SiO? (Backer et al., 1985). While there are currently no contracts



to explore or prospect deep-sea minerals in this region (Miller et al., 2018; ISA, 2024), these
resources may attract mining interests in the future.

Commercial shipping is relatively low throughout the waters of this region, with the exception
of the northern section of the Nazca ridge which intersects a major international shipping route
connecting ports along the west coast of South America, but also waters surrounding the Salas
y Gomez and Nazca ridges have been identified as a major global transshipment location for
distant-water fishing fleets (Boerder et al., 2018; Miller et al., 2018; Wagner et al., 2021). The
latter may have several implications for threatened fauna such as sea turtles, sea birds and
whales that could be affected by collisions and light pollution (Rodriguez et al., 2017; Garcia-
Cegarra & Pacheco, 2019; Bedrifiana-Romano et al., 2021).

Shipping could also be a risk of non-indigenous species introductions in the ridges, especially
in the shallow seamounts, both through hull fouling or the transport of propagules in the ballast
water (Maclsaac et al., 2016; Castellanos-Galindo et al., 2022).

History of science and recent findings

Research efforts targeted to these ridges started in the XIX century with the expedition by the
Covadonga vessel (Vidal-Gormaz, 1875), however deeper most recent marine-focused
research started 66 year ago by a US expedition to Desventuradas Islands, and was followed
by several soviet trawling expeditions between 1973 and 1980 (Mironov & Detinova, 1990;
Parin, 1991), National Geographic-OCEANA expeditions to Salas y Gomez, Rapa Nui and
Desventuradas between 2010 and 2013 (National Geographic-OCEANA 2011, 2013,
Friedlander et al. 2013, 2016), several CIMAR cruises by the Chilean Oceanographic
Committee from 1999 to 2023 (CONA 2021), a JAMSTEC expedition in 2019 (Mecho et al.,
2021), and 3 expeditions to both ridges by the Schmidt Ocean Institute in 2024 (Easton et al.
2024; Sellanes et al. 2024).

A huge amount of research has accumulated over the last five years in a strong international
collaborative effort to explore both ridges, understand the processes that explain the observed
biodiversity patterns and the major threats faced (Thiel et al., 2018; Wagner et al., 2021; Boteler
et al., 2023; Delgado et al., 2022; Gaymer et al., 2024a). As mentioned above, the most recent
scientific efforts deployed in the area corresponded to 3 international expeditions ran by the
Schmidt Ocean Institute in January 2024 to Nazca ridge, February-March 2024 to Salas y
Gomez ridge and July-August 2024 to Nazca ridge, in an unprecedented scientific effort that
allowed filling gaps of knowledge in an area that has increasingly been studied in recent years.
These expeditions are part of the activities coordinated by Chile of the 2024 Scientific
Committee Multi Annual Workplan. The expeditions showed healthy seamount ecosystems
(Fig. 1), generated the bathymetry of 32 seamounts, reported over 1019 species, 170 potential
new species and 420 new reports for both ridges (Fig. 2). However, they also showed evidence
of fishing impact, with vast areas destroyed by trawling, discarded fishing gear, and also
evidence of marine litter (Fig. 3). These expeditions have emphasized the uniqueness of each
seamount and this, added to the numerous threats they face, emphasize the need for protecting
the area of these ridges that is in ABNJ. As a result of these recent research expeditions and



considering all the different scientific efforts we estimate that ~80% of the ridges has been
explored so far.

Figure 1. Healthy seamount ecosystems in the Salas y Gomez and Nazca ridges. Credits:
Schmidt Ocean Institute.

Figure 2. Some new species found by Falkor (too) expeditions to Salas y Goémez and Nazca
ridges. Credits: Schmidt Ocean Institute.

Figure 3. Discarded fishing gear and marine litter found by Falkor (too) expeditions to Salas
y Goémez and Nazca ridges. Credits: Schmidt Ocean Institute.

Regional governance

Human activities in the ABNJ of the Salas y Gémez and Nazca ridges are regulated by different
intergovernmental bodies, including the International Seabed Authority (ISA) for mining, the
International Maritime Organization (IMO) for shipping, and regional fishery management



bodies (RFMO) for fishing, specifically the Inter-American Tropical Tuna Commission
(IATTC) for tuna and other highly-migratory fishery species, and the SPRFMO for non-highly
migratory fishery species (Fig. 4) (Wagner et al., 2021; Chavez-Molina et al., 2023).
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Figure 4. Map showing jurisdictional boundaries of intergovernmental bodies regulating
human activities in the area of the Salas y Gomez and Nazca Ridges. (Figure taken from
Chavez-Molina et al., 2023)

Environmental impacts of fishing

Several fishing practices and gears are known for impacting marine ecosystems, particularly
seamounts, that are known to be highly vulnerable to disturbances and very slow to recover.
Trawling destroys habitats that are normally composed of habitat-structuring (fundamental for
demersal species reproduction and refuge [Fig. 5]), endemic, fragile, and long-lived species of
both commercial and non-commercial interest (Cafiete & Haussermann, 2012; Watling &
Auster, 2017; Stevens, 2020). This process results in a significant decrease in species richness,
cover, and abundance, leading to a reduction or complete loss of habitat complexity (e.g., three-
dimensionality, functional role redundancy) and species functional roles (Clark et al., 2016;
Watling & Auster, 2017; Hiddink et al., 2020). Furthermore, large demersal fish schools'
removal has a significant ecological impact in trophic interactions, for example, by reducing
predation pressure and modifying competitive interactions (OCEANA, 2015; Griffiths et al.,
2017; Petit et al., 2021).



Figure 5. Bottom trawling fishing paths on Nazca ridge recorded by Falkor (too) expedition in
2024. Red arrows show trawling paths. Credits: Schmidt Ocean Institute.

Another fishing technique employed in the Salas y Gémez and Nazca ridges is trap fishing,
which is commonly used for catching crustaceans. In the case of the Nazca ridge, the jagged
lobster (Projasus bahamondei) is a relevant target for international fleets (Arana, 2014). Trap
fishing affects ecosystems in different ways, for example the use of multiple traps connected
by lines dragging the seafloor destroying vast areas of habitat forming species such as corals
and sponges (Stevens, 2020). The loss of traps also damages the seafloor, this is particularly
harmful when the lost fishing gear is moved by currents or storms, significantly increasing its
negative impact in space and time (Stevens, 2020). Finally, multiple vertical trap lines might
cause pelagic fauna entanglement and death (e.g. marine mammals) (Hamilton & Baker, 2019).

In addition to benthic fishing, pelagic fisheries disrupt the natural cycle of dead fish sinking to
the seafloor, affecting carbon flux transfer from upper water layers. This reduction in available
carbon is critical for the stability and sustenance of deep-sea ecosystems that depend on organic
matter (Smith et al., 2009). Moreover, by-catch is a significant threat for various non-target
species such as marine reptiles, sea birds, sharks, and marine mammals (Alfaro-Shigueto et al.,
2011). In the case of the SPRFMO area, the main fishing gear used for Trachurus murphyi
fishing is purse seine and midwater trawling, and its bycatch is composed by another pelagic
species like Scomber japonicus, Macruronus magellanicus, Thyrsites atun, among others, as
well as megafauna like dolphins, seabirds and rays as the most reported non-target catches from
small scale fisheries (SPRFMO, 2014; Pefia-Cutimbo et al., 2024). Meanwhile, the swordfish
and tuna fisheries (purse seine and long line) in the proposed area have a permanent presence
of sharks (i.e., Sphyrna lewini, Sphyrna zygaena Prionace glauca, Carcharhinus falciformis,
among others), birds (i.e., Pterodroma externa, Nesofregetta fuliginosa, Phoebastria irrorata,
among others) and turtles (i.e. Chelonia mydas, Dermochelys coriacea, Eretmochelys
imbricata, among others) as non-target catches (Fig. 6).
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Figure 6. By-catch observed in the Salas y Goémez and Nazca ridges between 1986 and 2022
showing the major non-target species were the blue (Prionace glauca) and mako (Isurus
oxyrinchus) sharks. Data source Inter-American Tropical Tuna Commission (IATTC).

Benthos and pelagos are integrated systems

The water column is considered less at risk due to the absence of fixed habitat structures that
fishing gear might damage, leading to arguments that water column protection may be
unnecessary given the mobility of its inhabitants (O’leary & Callum, 2018). Nevertheless, from
an ecological viewpoint, the precautionary approach is essential for safeguarding the
interconnected habitats of the water column and benthos, as there are no boundaries between
these realms and several biogeochemical processes are proof for these habitats-
interdependence (Fig. 7).

Deep habitats fundamentally differ from shallow waters in their lack of primary productivity,
relying instead on the passive sinking flux of detritus or the active vertical migration of pelagic
fauna (Smith et al., 2009; Kiljunen et al., 2020). A significant portion of pelagic energy settles
onto the seabed as fecal material and decomposing organisms, thus providing energy to the
benthic community, while this organic matter is later recycled back into the water column as
nutrients, thereby promoting biomass production (Nixon, 1981; Woodland & Secor, 2013). At
the same time, the vertical energy flux is also driven by active processes such as the daily
vertical migration of pelagic organisms and trophic interactions, such as predation (Griffiths et
al.,2017; O’leary & Callum, 2018). In this regard, most demersal fishes feed mainly on pelagic
micronekton directly linking pelagic and bathyal communities, emphasizing their dependence
on water quality and nutrient availability, which ultimately dictates their prey abundance
(Drasen & Sutton, 2017).

One of the most iconic indications of pelagic-benthic coupling is the vertical and horizontal
transport of dissolved organic carbon (DOC) (Roshan & Devries, 2017). DOC is a critical



component of marine food webs and represents one of the largest reservoirs of organic matter
on Earth (Roshan & Devries, 2017; Lonborg et al., 2020). This biogeochemical process is
especially important in oligotrophic subtropical regions of the ocean, such as the Salas y Gomez
Ridge, where DOC would account for nearly half of the total organic carbon export, being
subsidized by distant and productive waters through wind and currents (Roshan & Devries,
2017; Hansell & Orellana, 2021), enriching, as a consequence, the intermediate and deep
waters with bioavailable carbon (Carlson et al., 2010; Leonborg et al., 2020; Iversen, 2023).

Interfering with the physical and biological processes of transporting organic matter, for
example, by removing target species large biomasses (i.e., top predators and other abundant
pelagic species) form the water column, directly reduces the amount of organic matter sinking
to the seafloor disrupting in this way the stability of deep-sea ecosystems and the ecological
services that underwater ridges provide, extremely relevant in low productive waters like Salas
y Gomez ridge.

The fishing pressure across the Salas y Gomez and Nazca ridges has been historically low
(annual mean fishing effort of ~200 hrs.) (Wagner et al., 2021). Because of that, recent
expeditions have shown that the explored seamounts along the Salas y Gomez ridge and a great
part of the Nazca ridge have healthy benthic ecosystems composed by a high biodiversity of
fragile, community structuring engineers, and endemic species. However, some levels of
destruction have been detected in the Nazca portion where fishing pressure is concentrated
(Fig. 5). Even though fishing pressure has remained relatively low in the area of interest, the
cumulative effect of industrial fishing would have significant effects on the trophic web,
ecological interactions, as well as, in the fragile and highly vulnerable benthic ecosystems
(Pauly et al., 1998).
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Figure 7. Benthos-pelagos integration in seamounts, illustrating some of the different
biogeochemical processes which interconnect the sea floor with the water column.



Implications of a potential fishing closure area for Fisheries

The total area of the SPRFMO is ~64,010,074 km? across the Pacific Ocean. A fishing closure
of the ABNJ of both ridges encompasses ~1,243,476 km?, which represents only ~1.9% of the
total SPRFMO area (Fig. 8). Despite its relatively small coverage, implementing a potential
fishing closure in this EBSA could significantly contribute to the conservation of marine
benthic and highly migratory pelagic biodiversity, to the sustainable management of
international fishery resources, and to mitigate climate change (Levin et al., 2023).
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Figure 8. Map showing the entire SPRFMO area (white) and a potential fishing closure (grey)
along the Salas y Gémez and Nazca ridges.

The Salas y Gomez ridge occurs in the middle of the South Pacific gyre, known by its
ultraoligotrophic conditions (Dai et al., 2023). Consequently, the area has had a historical low
commercial interest, which is reflected in the overall low fishing effort found in this area
(Wagner et al., 2021; Fig. 9). As a consequence, a potential fishing closure in this region could
result in a minimal catch loss relative to the overall catch within the entire SPRFMO area. Even
so, fishing is the primary commercial activity in international waters of Salas y Gémez and
Nazca ridges, with vessels from China, Spain, Japan, Taiwan, and the Republic of Korea
making up over 96% of the fishing effort, most of it concentrated in Nazca ridge, in front of
the Peruvian jurisdictional border (Wagner et al., 2021; McDonald et al., 2024).

Recent detailed fishing effort data obtained from the Global Fishing Watch showed that 760
fishing vessels appeared to fish for an annual mean of 292.956 hours between 2019-2023. The



most common flag used by fishing vessels in the area during this period belonged to China,
with 638 vessels (83% of vessels) and an annual mean effort of 277.959 hours (94% of total
effort). Eighty-nine percent of the vessels were squid jiggers.

As mentioned in the previous section, a higher fishing effort was observed in the Nazca ridge
between 2019 and 2023, except in 2021 when the effort increased in the waters surrounding
the Motu Motiro Hiva Marine Park probably associated to an increment of the large pelagic
fisheries (e.g. tuna and swordfish) (Fig. 9). Fishing effort peaked during Austral spring and
summer seasons for the 2019-2023 period.
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Figure 9. Apparent fishing activity within the potential fishing closure in Salas y Gémez and
Nazca ridge from 2019 to 2023. Data obtained from AIS. Credits: Global Fishing Watch.

Similarly, a recent analysis by McDonald et al. (2024) forecasted the impact of global increase
on ocean protection under the 30x30 scenario agreed under Target 3 of CBD’s Kunming-
Montreal Global Biodiversity Framework, on global patterns of fishing effort, through building
a predictive machine learning model trained on a global dataset of satellite-based fishing vessel
monitoring data (Global Fishing Watch from 2016 to 2021), current MPA locations, and
spatiotemporal environmental, geographic, political, and economic features.

Particularly, for the Salas y Gémez and Nazca ridges proposed by Chile to close fishing
activities, the study showed that in 2020 2.9% of fishing effort occurred within the proposed
MPA, and 89.8% of the fishing effort occurred outside the proposed closure area. Most effort
in the region is concentrated north-east of the proposed closure area, on the high seas near the
Peruvian jurisdictional waters (Fig. 10). Considering an eventual closure, fishing effort would



significantly decrease in the region, particularly on the high seas near the Peruvian
jurisdictional waters. Furthermore, the fishing effort after 2 years would increase in the south-
east of the proposed closure area (Fig. 11).
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Figure 10. Observed 2020 fishing effort by all vessels according to Global Fishing Watch, in
and around the Salas y Gomez and Nazca Ridges EBSA. The proposed fishing closure is shown
in red, existing MPA boundaries are shown in blue (Mar de Juan Ferndndez in the bottom right;
Nazca-Desventuradas to the right; and Motu Motiro Hiva to the left), and EEZ boundaries are
shown in orange. Fishing effort is aggregated to 1x1 degree pixels, the unit of this analysis.
The precise vertices proposed by Chile are shown as white dots for reference. Taken from
McDonald (2024).
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Figure 11. Relative impact on spatial fishing effort as a result from the proposed Salas y
Goémez and Nazca Ridges fishing closure, in and around the proposed fishing closure. The 3
facets show the predictions for 1 year after the proposed fishing closure is implemented, 2 years
after, and 3 years after. The proposed fishing closure boundary is shown in red, existing MPA
boundaries are shown in blue (Mar de Juan Fernandez in the bottom right; Nazca
Desventuradas to the right; and Motu Motiro Hiva to the left), and EEZ boundaries are shown
in orange. Changes in fishing effort are predicted for 1x1 degree pixels, the unit of this analysis.
Taken from McDonald (2024).

Recent analyses about the main fisheries in the Salas y Gomez and Nazga ridges showed that
the main catches in the area were for the giant squid (Dosidicus gigas), tuna (Katsuwonus
pelamis, Thunnus obesus, and Thunnus albacares), and the swordfish (Xiphias gladius), being



D. gigas only relevant in the Nazca ridge. For the latter, the analysis made between 2011 and
2021 reported that catches within the potential fishing closure barely exceeded 10,000 tonnes
(except in 2016 and 2019 with historical peaks of 45,000 tonnes), which represents
approximately 1,4% of the total D. gigas catches relative to the entire SPRFMO fishing zone
for those years (a mean of 881,755 tonnes [SPRFMO, 2022]) (Fig. 12). In the case of the jack
mackerel Tachurus murphyi, for the same period and study area, catches were only reported
for 2008, 2010, 2020 and 2021 with biomass of less than 1,000 tons, which represented less
than 0.5% of the total catch regulated by SPRMFO for those years. The latter could be
explained due to the main fishing area of 7. murphyi (across the 30° and 45° of latitude [Belkin
& Shen, 2023]) does not overlap with the Salas y Gomez and Nazca ridges.
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Figure 12. Comparison of historical catches (tons) for Jumbo Flying Squid (Dosidicus gigas)
across the entire SPRFMO area (black bars) versus those from the potential fishing closure in
the Salas y Goémez and Nazca ridges (grey bars) during the period from 2011 to 2021. Data
source SPRFMO (2022).

Advances for the protection of ABNJ

In April 2021, Chile announced the launch of efforts to create a fully protected high seas marine
protected area (MPA) in the Salas y Gomez and Nazca ridges, as a priority measure to address
the climate crisis. This is the first political action carried out by a government to protect this
area. After the announcement, the initiative was presented to the scientific committee of
SPRFMO in September 2021 (SC9-Doc31_revl), announced during the UN Ocean Conference



in Lisbon in June 2022, presented to the scientific committee of SPRFMO in September 2022
(SC10-Doc30), presented at the International Marine Protected Areas Congress (IMPACS) in
Canada in February 2023, and presented at the pre-UNOC meeting in Costa Rica in June 2024.

In order to promote conservation measures within the current international framework and
according to SPRFMO’s existing mandate (SPRFMO Convention, Article 2), the Chilean
government presented a fishery closure proposal formally to the 12th SPRFMO Commission
meeting in February 2024, to “restrict fishing activities in these areas by integrating a
precautionary and ecosystem-based approach, in order to reduce the impacts of fishing and
climate change (...) contributing to the long-term resilience and productivity of the South
Pacific” (SPRFMO 2024).

As aresult of this proposal, the Commission tasked the Scientific Committee at its next meeting
and annually as an agenda item, to compile and review all relevant scientific information and
data about the Nazca and Salas y Gomez Ridge area and recommend possible measures to the
Commission on its following regular meeting, based on an ecosystem based approach that aims
at preserving its biodiversity and SPRFMO fishing resources, as well a sustainable use of
marine resources (SPRFMO 2024).

Advantages of protecting the Salas y Gomez and Nazca EBSA for fisheries

SPRFMO’s main fisheries are dominated by Dosidicus gigas and Trachurus murphyi. Recent
literature indicates that the abundance of both species in the south pacific is strongly dependent
on climate variability, therefore climate change would significantly affect their population
dynamics and distribution (Feng et al., 2022; Sarre et al., 2024). As previously mentioned,
climate change will generate changes in distribution and abundance of numerous species,
including fisheries resources. Both dominant SPRFMO’s species need stable environmental
conditions to live longer and grow larger, which determine their future biomass (Yu et al.,
2019). Thus, the establishment of a conservation measure in the Salas y Gémez and Nazca
EBSA that protects the entire ecosystem (i.e., water column and sea floor), by significantly
reducing environmental threats, would provide a more stable and resilient habitat for species
populations growing and reproducing, which is fundamental for conserving fisheries and food
security when facing climate change's impacts.

On the other hand, protecting the Salas y Gémez and Nazca EBSA would not only contribute
to the sustainability of the fisheries in a future of climate instability, but also would
significantly increase surveillance and enforcement along the ridge through international
collaboration, which in consequence would increase the available tools for fighting and
reducing international illegal fishing in areas beyond national jurisdiction, in direct benefit of
fisheries management and sustainability in waters surrounding the potential fishing closure
(Ortuiio, et al., 2020; Boteler et al., 2022).

Finally, the Salas y Gomez and Nazca Ridges are essential for preserving critical nursery
habitats for fishery resources. These locations serve as vital reproductive and nursery grounds
for numerous species. The high abundance and year-round presence of neonates, young-of-the-
year, and juveniles around Salas y Gomez Island underscore its importance as a reproductive



area for the Galapagos shark (Morales et al., 2020). Likewise, waters surrounding the Rapa Nui
Island have been reported as a reproductive zone for the swordfish (Xiphias gladius) (Yafiez et
al., 2004; Vega et al., 2009). Moreover, this region is recognized as a significant recruitment
zone for Chilean jack mackerel in the south pacific (NatGeo and OCEANA, 2013; Arcos et al.,
2001).

Protecting the Salas y Gomez and Nazca EBSA not only would significantly contribute to
preserving pelagic and benthic biodiversity and the ecosystem services provided by both ridges,
but also would help to sustain and manage Latin American and international fisheries by
directly protecting nursery and recruitment areas of important resources as well as promoting
more stable and resilient habitats for their growth and reproduction.

Recommendations to SPRFMO

Given its exceptional natural and cultural significance, and their importance for fisheries
occurring east of both ridges, the Salas y Gomez and Nazca ridges should be protected from
exploitation, pollution and other anthropogenic threats using the best available conservation
measures. As several intergovernmental organizations regulate human activities in the
biologically and ecologically significant area of the Salas y Gémez and Nazca ridges, including
SPRFMO for management of non-highly migratory fishery species, IATTC for management
of tuna and other highly-migratory fishery species, ISO for shipping, ISA for mining, and CPPS
for regional collaboration amongst Chile, Peru, Ecuador, and Colombia in marine policy,
resource exploitation, conservation, environmental protection, and research, actions will be
required within each one of these organizations to conserve the fragile and unique ecosystems
of the region. Actions by SPRFMO based on its mandate will be key, thus the following
recommendations emerge:

e  The area located in ABNJ of the Salas y Gémez and Nazca EBSA should be permanently
closed to fishing activities regulated by the SPRFMO as soon as possible. This area
includes an important collection of seamounts of the southeastern Pacific Ocean and
encompasses an area of approximately 1,097,846 km2, that represents only 1.9% of the
area regulated by SPRFMO. Legal fishing activities of species managed by SPRFMO
have been minimal to nonexistent in recent years (SPRFMO 2020). Specifically, the
orange roughy fishery has been closed in this region since 2006, and fishing effort for
squid and Jack mackerel have been minimal (SPRFMO 2020). Even though jumbo squid
has been the most relevant fishery in this area (Fig. 12), catches only represent 1.4% of
the total jumbo squid catches regulated by SPRFMO. Thus, these proposed regulations
would cause little impact on ongoing fishing operations, however, they would provide
enormous advances in safeguarding the unique biodiversity of this region from present
and future threats. Furthermore, they would showcase the global leadership of SPRFMO
and its member countries. The fisheries closure should be accompanied with a monitoring
program to assess the outcomes of the measure.

e SPRFMO should work closely with other intergovernmental organizations that have
jurisdiction over the Salas y Gomez and Nazca ridges to ensure that the best available
conservation measures are enacted. SPRFMO already has Memoranda of Understanding



and Collaborative Arrangements with IATTC and CPPS to advance cooperation and
collaboration on matters of mutual interest.

e  While management measures are developed, SPRFMO should not accept any proposals
for exploratory fishing in the region, since this could cause irreversible harm to these
extremely unique and fragile ecosystems.

e  Capacity development activities should be expanded to support further understanding of
the role of the Salas y Gomez and Nazca ridges for marine health, biodiversity and
fisheries under a climate change scenario.

e  We recommend the creation of a Task Team for SGN to compile, review and discuss the
data and recommend a measure by SC13 in 2025.

References

Alfaro-Shigueto, J., Mangel, J. C., Bernedo, F., Dutton, P. H., Seminoft, J. A., & Godley, B. J.
(2011). Small-scale fisheries of Peru: a major sink for marine turtles in the Pacific. The
Journal of Applied Ecology, 48(6), 1432-1440. https://doi.org/10.1111/1.1365-
2664.2011.02040.x

Anderson, A. (2008). Traditionalism, interaction, and long-distance seafaring in Polynesia. 7he
Journal of  Island and Coastal Archaeology, 3(2), 240-250.
https://doi.org/10.1080/15564890802340000

Andrade, 1., Hormazébal, S., & Correa-Ramirez, M. (2014). Time-space variability of satellite
chlorophyll-a in the Easter Island Province, southeastern Pacific Ocean. Latin American
Journal of Aquatic Research, 42, 871-887.

Arana, P. M., Pérez, A., & Pezzuto, J. A. (2009). Deep-sea fisheries off Latin America: an
introduction. Latin American Journal of Aquatic Research, 37, 281-284.

Arana, P. (2014). Chilean jagged lobster, Projasus bahamondei, in the southern Pacific Ocean:
current state of knowledge. Lat. Am. J. Aquat. Res, 42, 1-17.

Arcos, D., Cubillos, L., & Nufez, S. (2001). The Jack Mackerel fishery and El Nifio 1997-1998
effects of Chile. Progress in Oceanography, 49, 597-617.

Bécker, H., Lange, J., & Marchig, V. (1985). Hydrothermal activity and sulphide formation in
axial valleys of the East Pacific Rise crest between 18 and 22°S. Earth and Planetary
Science Letters, 72(1), 9-22. https://doi.org/10.1016/0012-821x(85)90113-x

Bedrifiana-Romano, L., Hucke-Gaete, R., Viddi, F. A., Johnson, D., Zerbini, A. N., Morales,
J., Mate, B., & Palacios, D. M. (2021). Defining priority areas for blue whale conservation
and investigating overlap with vessel traffic in Chilean Patagonia, using a fast-fitting
movement model. Scientific Reports, 11(1). https://doi.org/10.1038/s41598-021-82220-5



https://doi.org/10.1111/j.1365-2664.2011.02040.x
https://doi.org/10.1111/j.1365-2664.2011.02040.x
https://doi.org/10.1080/15564890802340000
https://doi.org/10.1016/0012-821x(85)90113-x
https://doi.org/10.1038/s41598-021-82220-5

Belkin, I. M., & Shen, X.-T. (2023). Remote sensing of the Subtropical Front in the Southeast
Pacific and the ecology of Chilean Jack mackerel Trachurus murphyi. Fishes, 8(1), 29.
https://doi.org/10.3390/fishes8010029

Boerder, K., Miller, N. A., & Worm, B. (2018). Global hot spots of transshipment of fish catch
at sea. Science Advances, 4(7). https://doi.org/10.1126/sciadv.aat7159

Boteler, B., Wagner, D., Durussel, C., Stokes, E., Gaymer, C. F., Friedlander, A. M., Dunn, D.
C., Vargas, F. P, Veliz, D., & Hazin, C. (2022). Borderless conservation: Integrating
connectivity into high seas conservation efforts for the Salas y Gémez and Nazca ridges.
Frontiers in marine science, 9. https://doi.org/10.3389/fmars.2022.915983

Cai, W., McPhaden, M. J., Grimm, A. M., Rodrigues, R. R., Taschetto, A. S., Garreaud, R. D.,
Dewitte, B., Poveda, G., Ham, Y.-G., Santoso, A., Ng, B., Anderson, W., Wang, G., Geng,
T., Jo, H.-S., Marengo, J. A., Alves, L. M., Osman, M., Li, S., ... Vera, C. (2020). Climate
impacts of the El Nifio—Southern Oscillation on South America. Nature Reviews. Earth &
Environment, 1(4), 215-231. https://doi.org/10.1038/s43017-020-0040-3

Caiiete, J., & Haussermann, V. (2012). Colonial life under the Humboldt Current system: deep-
sea corals from O’higgins I seamount. Lat. Am. J. Aquat. Res, 40(2), 467-472.

Carlson, C. A., Hansell, D. A., Nelson, N. B., Siegel, D. A., Smethie, W. M., Khatiwala, S.,
Meyers, M. M., & Halewood, E. (2010). Dissolved organic carbon export and subsequent
remineralization in the mesopelagic and bathypelagic realms of the North Atlantic basin.
Deep-Sea Research. Part II, Topical Studies in Oceanography, 57(16), 1433-1445.
https://doi.org/10.1016/].dsr2.2010.02.013

Castellanos-Galindo, G., Hampton, S., Naranjo, G., Zapata-Padilla, L., Bueno-Martinez, P. A.,
Gaymer, C., Boteler, B., & Durussel, C. (2022). Estudio sobre medidas para apoyar
esfuerzos de conservacion en areas fuera 1780 de la jurisdiccion nacional en la region del

Pacifico Sudeste.

Chagnon, C., Thiel, M., Antunes, J., Ferreira, J. L., Sobral, P., & Ory, N. C. (2018). Plastic
ingestion and trophic transfer between Easter Island flying fish (Cheilopogon
rapanouiensis) and yellowfin tuna (Thunnus albacares) from Rapa Nui (Easter Island).
Environmental — Pollution  (Barking,  Essex: 1987), 243(Pt A), 127-133.
https://doi.org/10.1016/j.envpol.2018.08.042

Chavez-Molina, V., Wagner, D., Nocito, E. S., Benedum, M., Gaymer, C. F., Currie, D., Beam,
E. G., & Brooks, C. M. (2023). Protecting the Salas y Gomez and Nazca Ridges: A review
of policy pathways for creating conservation measures in the international waters of the
Southeast Pacific. Marine Policy, 152(105594), 105594.
https://doi.org/10.1016/j.marpol.2023.105594

Clark, M. R. (2009). Deep-sea seamount fisheries: a review of global status and future
prospects. Latin American Journal of Aquatic Research, 501-512.


https://doi.org/10.3390/fishes8010029
https://doi.org/10.1126/sciadv.aat7159
https://doi.org/10.1016/j.dsr2.2010.02.013
https://doi.org/10.1016/j.envpol.2018.08.042
https://doi.org/10.1016/j.marpol.2023.105594

Clark, M. R., Althaus, F., Schlacher, T. A., Williams, A., Bowden, D. A., & Rowden, A. A.
(2016). The impacts of deep-sea fisheries on benthic communities: a review. ICES Journal
of  Marine Science: Journal Du Conseil, 73(suppl 1), 151-169.
https://doi.org/10.1093/icesjms/fsv123

Congjero, C., Dewitte, B., Garcon, V., Sudre, J. & Montesl. (2020). ENSO diversity driving
low-frequency 1272 change in mesoscale activity off Peru and Chile, Sci. Rep. 10.
https://doi.org/10.1038/S41598-020-1273 74762-X.

Dai, M., Luo, Y.-W., Achterberg, E. P., Browning, T. J., Cai, Y., Cao, Z., Chai, F., Chen, B.,
Church, M. J., Ci, D., Du, C., Gao, K., Guo, X., Hu, Z., Kao, S.-J., Laws, E. A., Lee, Z.,
Lin, H., Liu, Q., ... Zhou, K. (2023). Upper ocean biogeochemistry of the oligotrophic north
pacific subtropical gyre: From nutrient sources to carbon export. Reviews of Geophysics
(Washington, D.C.: 1985), 61(3). https://doi.org/10.1029/2022rg000800

Delgado, J. P., Brennan, M. L., Rapu Haoa, S. A., Rapu Leong, J. H., Gaymer, C. F., Carabias,
D., Stokes, E., & Wagner, D. (2022). The hidden landscape: Maritime cultural heritage of
the Salas y Gomez and Nazca ridges with implications for conservation on the high seas.
Marine Policy, 136(104877), 104877. https://doi.org/10.1016/].marpol.2021.104877

Dewitte, B., Congejero, C., Ramos, M., Bravo, L., Gar¢on, V., Parada, C., Sellanes, J., Mecho,
A., Muioz, P., & Gaymer, C. F. (2021). Understanding the impact of climate change on the
oceanic circulation in the Chilean island ecoregions. Aquatic Conservation: Marine and
Freshwater Ecosystems, 31(2), 232—-252. https://doi.org/10.1002/aqc.3506

Diaz, R. J., & Rosenberg, R. (2008). Spreading dead zones and consequences for marine
ecosystems. Science, 321(5891), 926-929. https://doi.org/10.1126/science.1156401

Drasen, J., & Sutton, T. (2017). Dining in the Deep: The feeding ecology of deep-sea fishes.
Annual Review of Marine Sciences, 9, 337-366.

Easton, E. et al. (2024). Unexplored seamounts of the Salas y Gomez ridge. Post-cruise report
FKt240224.

Eriksen, M., Maximenko, N., Thiel, M., Cummins, A., Lattin, G., Wilson, S., Hafner, J.,
Zellers, A., & Rifman, S. (2013). Plastic pollution in the South Pacific subtropical gyre.
Marine Pollution Bulletin, 68(1-2), 71-76.
https://doi.org/10.1016/j.marpolbul.2012.12.021

Feng, Z., Yu, W., & Chen, X. (2022). Synchronus spatio-temporal changes in potential habitats
of Trachurus murphyi and Dosidicus gigas off Chile in relation to regime shift of Pacific
decadal oscillation. Journal of Marine Systems, 233.

Friedlander, A. M., Ballesteros, E., Beets, J., Berkenpas, E., Gaymer, C. F., Gorny, M., & Sala,
E. (2013). Effects of isolation and fishing on the marine ecosystems of Easter Island and
Salas y Gomez, Chile: Marine Ecosystems of Easter and Salas y Goémez Islands, Chile.


https://doi.org/10.1093/icesjms/fsv123
https://doi.org/10.1029/2022rg000800
https://doi.org/10.1016/j.marpol.2021.104877
https://doi.org/10.1002/aqc.3506
https://doi.org/10.1126/science.1156401

Aquatic  Conservation: Marine and Freshwater Ecosystems, 23(4), 515-531.
https://doi.org/10.1002/aqc.2333

Friedlander, A. M., Ballesteros, E., Caselle, J. E., Gaymer, C. F., Palma, A. T., Petit, 1., Varas,
E., Mufioz Wilson, A., & Sala, E. (2016). Marine biodiversity in Juan Fernandez and
Desventuradas Islands, Chile: Global endemism hotspots. PloS One, 11(1), e0145059.
https://doi.org/10.1371/journal.pone.0145059

Friedlander, A. M., & Gaymer, C. F. (2021). Progress, opportunities and challenges for marine
conservation in the Pacific Islands. Aquatic Conservation: Marine and Freshwater
Ecosystems, 31(2), 221-231. https://doi.org/10.1002/aqc.3464

Friedlander, A. M., Goodell, W., Giddens, J., Easton, E. E., & Wagner, D. (2021). Deep-sea
biodiversity at the extremes of the Salas y Gémez and Nazca ridges with implications for
conservation. PloS One, 16(6), €0253213. https://doi.org/10.1371/journal.pone.0253213

Galvez-Larach, M. (2009). Montes submarinos de Nazca y Salas y Gdmez: una revision para
el manejo y conservacion. Latin american journal of aquatic research, 37(3), 479-500.
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0718-560X2009000300016

Galvez, M. (2012). Salas y Gémez and Nazca - treasures in the high seas of the Southeastern
Pacific. South Pacific Regional Fishery Management Organization. 11th Meeting of the
Science Working Group. Lima, Peru. 15-19 October, 2012. SWG-11-INF-07. 4pp.

Gallardo, C., Ory, N. C., Gallardo, M. de L. A., Ramos, M., Bravo, L., & Thiel, M. (2021).
Sea-surface slicks and their effect on the concentration of plastics and zooplankton in the
coastal waters of Rapa Nui (Easter Island). Frontiers in marine science, §.
https://doi.org/10.3389/fmars.2021.688224

Garcia-Cegarra, A. M., Ramirez, R., & Orrego, R. (2020). Red-legged cormorant uses plastic
as nest material in an artificial breeding colony of Atacama Desert coast. Marine Pollution
Bulletin, 160(111632), 111632. https://doi.org/10.1016/j.marpolbul.2020.111632

Garcia, M., Correa, J., Maksaev, V., & Townley, B. (2020). Potential mineral resources of the
Chilean offshore: an overview. Andean geology, 47(1), 1.
https://doi.org/10.5027/andgeov47n1-3260

Gaymer, C. F. Wagner, D., Alvarez-Varas, R. et al. (2022). Paper on the importance of the
Salas y Gémez and Nazca ridges. 10th Meeting of the scientific committee SC10-Doc30.
SPRFMO

Gaymer, C. F., Wagner, D., Alvarez-Varas, R. et al. (2024a). Research advances and
conservation needs for an effective protection of the 1 Salas & Goémez and Nazca ridges: a
natural and cultural heritage hotspot in the 2 southeastern Pacific Ocean. In revision

Gaymer, CF, Ramajo, L, Arthur, J, Aburto, J, Gonzélez, J, Dewitte, B, Edmunds, T, Borquez,
G, Bravo, L, Rivadeneira, M, Huke, H, Almendra, I, Isola E, Carrasco-Hotus, E, Huke, T,


https://doi.org/10.1371/journal.pone.0253213
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0718-560X2009000300016
https://doi.org/10.3389/fmars.2021.688224
https://doi.org/10.1016/j.marpolbul.2020.111632
https://doi.org/10.5027/andgeov47n1-3260

Barraza, J, Edmunds, L, Figueroa, V, Gundermann, H. (2024b). Diagndstico del Riesgo
Climatico de Rapa Nui: Co-disefio de medidas de adaptacion al cambio climdtico para el
patrimonio costero, la pesca y el turismo. Informe final proyecto "Impactos, vulnerabilidad
y capacidad de adaptacion al cambio climatico en Rapa Nui: hacia la identificacion de
fuentes de resiliencia a través de metodologias colaborativas”. Iniciativa Sobre Impactos
Climaticos en los Océanos - Chile de Fundacion David & Lucile Packard.

Gonzélez, R., Escribano, A., & Bode, W. (2019). Zooplankton taxonomic and trophic
community 1422 structure across biogeochemical regions in the Eastern South Pacific,
Front. Mar. Sci, 5.https://doi.org/10.3389/FMARS.2018.00498/FULL.

Griffiths, J. R., Kadin, M., Nascimento, F. J. A., Tamelander, T., Térnroos, A., Bonaglia, S.,
Bonsdorff, E., Briichert, V., Gardmark, A., Jarnstrom, M., Kotta, J., Lindegren, M.,
Nordstrom, M. C., Norkko, A., Olsson, J., Weigel, B., Zydelis, R., Blenckner, T., Niiranen,
S., & Winder, M. (2017). The importance of benthic—pelagic coupling for marine ecosystem
functioning in a changing world. Global Change Biology, 23(6), 2179-2196.
https://doi.org/10.1111/gcb.13642

Hansell, D. A., & Orellana, M. V. (2021). Dissolved organic matter in the global ocean: A
primer. Gels (Basel, Switzerland), 7(3), 128. https://doi.org/10.3390/gels7030128

Hamilton, S., & Baker, G. B. (2019). Technical mitigation to reduce marine mammal bycatch
and entanglement in commercial fishing gear: lessons learnt and future directions. Reviews
in Fish Biology and Fisheries, 29(2), 223-247. https://doi.org/10.1007/s11160-019-09550-
6

Hein, J. R., Mizell, K., Koschinsky, A., & Conrad, T. A. (2013). Deep-ocean mineral deposits
as a source of critical metals for high- and green-technology applications: Comparison with
land-based resources. Ore Geology Reviews, 51, 1-14.
https://doi.org/10.1016/j.oregeorev.2012.12.001

Hidalgo-Ruz, V., Luna-Jorquera, G., Eriksen, M., Frick, H., Miranda-Urbina, D., Portflitt-
Toro, M., Rivadeneira, M. M., Robertson, C. J. R., Scofield, R. P., Serratosa, J., Suazo, C.
G., & Thiel, M. (2021). Factors (type, colour, density, and shape) determining the removal
of marine plastic debris by seabirds from the South Pacific Ocean: Is there a pattern? Aquatic
Conservation: Marine and  Freshwater  Ecosystems, 31(2), 389-407.
https://doi.org/10.1002/aqc.3453

Hidalgo-Ruz, V., & Thiel, M. (2013). Distribution and abundance of small plastic debris on
beaches in the SE Pacific (Chile): a study supported by a citizen science project. Marine
Environmental Research, 87-88, 12—18. https://doi.org/10.1016/;.marenvres.2013.02.015

Hiddink, J. G., Kaiser, M. J., Sciberras, M., McConnaughey, R. A., Mazor, T., Hilborn, R.,
Collie, J. S., Pitcher, C. R., Parma, A. M., Suuronen, P., Rijnsdorp, A. D., & Jennings, S.
(2020). Selection of indicators for assessing and managing the impacts of bottom trawling


https://doi.org/10.3389/FMARS.2018.00498/FULL
https://doi.org/10.1016/j.oregeorev.2012.12.001

on seabed habitats. The Journal of Applied Ecology, 57(7), 1199-1209.
https://doi.org/10.1111/1365-2664.13617

loannidis, A. G., Blanco-Portillo, J., Sandoval, K., Hagelberg, E., Miquel-Poblete, J. F.,
Moreno-Mayar, J. V., Rodriguez-Rodriguez, J. E., Quinto-Cortés, C. D., Auckland, K.,
Parks, T., Robson, K., Hill, A. V. S., Avila-Arcos, M. C., Sockell, A., Homburger, J. R,
Wojcik, G. L., Barnes, K. C., Herrera, L., Berrios, S., ... Moreno-Estrada, A. (2020). Native
American gene flow into Polynesia predating Easter Island settlement. Nature, 583(7817),
572-577. https://doi.org/10.1038/s41586-020-2487-2

ISA (2024). Secretary-General annual report. International Seabed Authority. Available online
at: WWW.isa.org.jm/wp-
content/uploads/2024/06/ISA_Secretary General Annual Report 2024.pdf.

IUCN SSC Shark Specialist Group, Salas y Goémez/Motu Motiro Hiva ISRA Factsheet.
https://sharkrayareas.org/portfolio-item/salas-y-gomez-motu-motiro-hiva-isra/, 2023
(accessed January 20, 2024)

Iversen, M. H. (2023). Carbon export in the ocean: A biologist’s perspective. Annual Review
of Marine Science, 15(1), 357-381. https://doi.org/10.1146/annurev-marine-032122-
035153

Jacquemont, J., Loiseau, C., Tornabene, L., & Claudet, J. (2024). 3D ocean assessments reveal
that fisheries reach deep but marine protection remains shallow. Nature Communications,
15(1), 4027. https://doi.org/10.1038/s41467-024-47975-1

Kiljunen, M., Peltonen, H., Lehtiniemi, M., Uusitalo, L., Sinisalo, T., Norkko, J., Kunnasranta,
M., Torniainen, J., Rissanen, A. J., & Karjalainen, J. (2020). Benthic-pelagic coupling and
trophic relationships in northern Baltic Sea food webs: Benthic-pelagic coupling in the
Baltic Sea. Limnology and Oceanography, 65(8), 1706—1722.
https://doi.org/10.1002/Ino.11413

Luna-Jorquera, G., Thiel, M., Portflitt-Toro, M., & Dewitte, B. (2019). Marine protected areas
invaded by floating anthropogenic litter: An example from the South Pacific. Aquatic
Conservation:  Marine  and  Freshwater  Ecosystems,  29(S2),  245-259.
https://doi.org/10.1002/aqc.3095

Maclsaac, H. J., De Roy, E. M., Leung, B., Grgicak-Mannion, A., & Ruiz, G. M. (2016).
Possible ballast water transfer of lionfish to the Eastern pacific ocean. PloS One, 11(11),
e0165584. https://doi.org/10.1371/journal.pone.0165584

McDonald, G. (2024). Salas y Gomez and Nazca Ridges - Potential impact of the proposed
MPA on fishing effort. Environmental Markets Lab (emLab), University of California,
Santa Barbara (UCSB)


https://doi.org/10.1111/1365-2664.13617
https://doi.org/10.1038/s41586-020-2487-2
https://sharkrayareas.org/portfolio-item/salas-y-gomez-motu-motiro-hiva-isra/
https://doi.org/10.1038/s41467-024-47975-1
https://doi.org/10.1002/lno.11413
https://doi.org/10.1002/aqc.3095
https://doi.org/10.1371/journal.pone.0165584

McDonald, G., Bone, J., Costello, C., Englander, G., & Raynor, J. (2024). Global expansion of
marine protected areas and the redistribution of fishing effort. Proceedings of the National
Academy of Sciences, 121(29), €2400592121.

Mecho, A., Easton, E. E., Sellanes, J., Gorny, M., & Mabh, C. (2019). Unexplored diversity of
the mesophotic echinoderm fauna of the Easter Island ecoregion. Marine Biology, 166(7).
https://doi.org/10.1007/s00227-019-3537-x

Mecho, A., Dewitte, B., Sellanes, J., van Gennip, S., Easton, E. E., & Gusmao, J. B. (2021).
Environmental drivers of mesophotic echinoderm assemblages of the southeastern Pacific
Ocean. Frontiers in marine science, 8. https://doi.org/10.3389/fmars.2021.574780

Métraux, A. (1940). Ethnology of Easter island. Bernice P. Bishop Museum. University of
Michigan.

Miller, K. A., Thompson, K. F., Johnston, P., & Santillo, D. (2018). An overview of seabed
mining including the current state of development, environmental impacts, and knowledge
gaps. Frontiers in marine science, 4. https://doi.org/10.3389/fmars.2017.00418

Miranda-Urbina, D., Thiel, M., & Luna-Jorquera, G. (2015). Litter and seabirds found across
a longitudinal gradient in the South Pacific Ocean. Marine Pollution Bulletin, 96(1-2),235—
244, https://doi.org/10.1016/j.marpolbul.2015.05.021

Mironov, A., & Detinova, N. (1990). Bottom fauna of the Nazca and Sala y Goémez ridges.
Plankt. benthos from Nazca Sala y Gomez Submar, 269-278.

Morales, M. (2020). The ecology of marine top predators at the Easter Island Ecoregion: A
baseline for 1565 management and conservation, Doctoral dissertation, Universidad
Catolica del Norte.

Morales, N. A., Heidemeyer, M., Bauer, R., Hernandez, S., Acuifia, E., van Gennip, S. J.,
Friedlander, A. M., & Gaymer, C. F. (2021). Residential movements of top predators in
Chile’s most isolated marine protected area: Implications for the conservation of the
Galapagos shark, Carcharhinus galapagensis, and the yellowtail amberjack, Seriola
lalandi. Aquatic Conservation: Marine and Freshwater Ecosystems, 31(2), 340-355.
https://doi.org/10.1002/aqc.3472

National Geographic & OCEANA. (2013). Islas Desventuradas. Biodiversidad marina y
propuesta de conservacion. Informe de la expedicion “Pristine Seas”. February 2013. 62 pp.

Nixon, S. (1981). Remineralization and recycling of nutrients in the coastal marine ecosystem.
En The Biological Ecology of the Marine Benthic Zone (pp. 142—155).

Leduc, D., Clark, M. R., Rowden, A. A., Hyman, J., Dambacher, J. M., Dunstan, P. K.,
Connolly, R., Fulton, E. A., Hosack, G. R., O’Hara, T., Parr, J. M., Schlacher, T. A., &
Woolley, S. N. C. (2024). Moving towards an operational framework for defining serious


https://doi.org/10.3389/fmars.2021.574780
https://doi.org/10.3389/fmars.2017.00418
https://doi.org/10.1016/j.marpolbul.2015.05.021
https://doi.org/10.1002/aqc.3472

harm for management of seabed mining. Ocean & Coastal Management, 255(107252),
107252. https://doi.org/10.1016/j.ocecoaman.2024.107252

Levin, L. A., Alfaro-Lucas, J. M., Colaco, A., Cordes, E. E., Craik, N., Danovaro, R., Hoving,
H.-J., Ingels, J., Mestre, N. C., Seabrook, S., Thurber, A. R., Vivian, C., & Yasuhara, M.
(2023). Deep-sea impacts of climate interventions. Science, 379(6636), 978-981.
https://doi.org/10.1126/science.ade7521

Lenborg, C., Carreira, C., Jickells, T., & Alvarez-Salgado, X. A. (2020). Impacts of global
change on ocean dissolved organic carbon (DOC) cycling. Frontiers in marine science, 7.
https://doi.org/10.3389/fmars.2020.00466

OCEANA. (2015). Biodiversidad del bentos en los montes submarinos JF1 y JF2 del
archipiélago de Juan Fernandez. Informe de la expedicion de OCEANA. Febrero del 2015.

O’Leary, B. C., & Roberts, C. M. (2018). Ecological connectivity across ocean depths:
Implications for protected area design. Global Ecology and Conservation, 15(e¢00431),
e00431. https://doi.org/10.1016/j.gecco.2018.e00431

Ortiz-Alvarez, C., Alfaro-Cordova, E., Bielli, A., Mangel, J. C., & Alfaro-Shigueto, J. (2022).
Solid waste assessment in a coastal fishing community in Peru. Marine Pollution Bulletin,
178(113632), 113632. https://doi.org/10.1016/j.marpolbul.2022.113632

Ortuiio, G., Mossop, J., & Dunn, D. (2020). Beyond static spatial management: scientific and
legal considerations for dynamic management in the high seas. Marine Policy, 122.

Ory, N. C., Sobral, P., Ferreira, J. L., & Thiel, M. (2017). Amberstripe scad Decapterus
muroadsi (Carangidae) fish ingest blue microplastics resembling their copepod prey along

the coast of Rapa Nui (Easter Island) in the South Pacific subtropical gyre. The Science of
the Total Environment, 586, 430-437. https://doi.org/10.1016/j.scitotenv.2017.01.175

Paredes, F., Flores, D., Figueroa, A., Gaymer, C. F., & Aburto, J. A. (2019). Science, capacity
building and conservation knowledge: The empowerment of the local community for marine
conservation in Rapa Nui. Aquatic Conservation: Marine and Freshwater Ecosystems,

29(S2), 130—137. https://doi.org/10.1002/aqc.3114

Parin, N. (1991). Fish fauna of the Nazca and Sala y Gomez Submarine Ridges, the easternmost
outpost of the Indo-West Pacific Zoogeographic Region. Bulletin of Marine Science, 49(3),
671-683.

Parin, N., Mironov, N., & Nesis, N. (1997). Biology of the Nazca and Sala y Gomez Submarine
Ridges. An Outpost of the Indo-West Pacific Fauna in the Eastern Pacific Ocean:
Composition and Distribution of the Fauna, its Communities and History. The
biogeography of the ocean. 145-242.


https://doi.org/10.1016/j.gecco.2018.e00431
https://doi.org/10.1016/j.scitotenv.2017.01.175
https://doi.org/10.1002/aqc.3114

Pauly, D., Christensen, V., V., Dalsgaard, J., Froese, R., & Torres, F., Jr. (1998). Fishing down
marine food webs. Science, 279(5352), 860—863.
https://doi.org/10.1126/science.279.5352.860

Paya, 1., Montecinos, M., Ojeda, V., & Cid, L. (2005). An overview of the orange roughy
(Hoplostethus sp.) fishery off Chile. An international Conference on Governance and
Management of Deep-Sea Fisheries. FAO Fisheries Report, 772, 97—116.

Pena-Cutimbo, N., Cordero-Maldonado, C., Ortiz-Alvarez, C., Alfaro-Shigueto, J., & Mangel,
J. C. (2024). Marine megafauna interactions with the Peruvian artisanal purse-seine fleet.
Fisheries Research, 269(106878), 106878. https://doi.org/10.1016/j.fishres.2023.106878

Perez-Venegas, D. J., Toro-Valdivieso, C., Ayala, F., Brito, B., Iturra, L., Arriagada, M.,
Seguel, M., Barrios, C., Sepulveda, M., Oliva, D., Cardenas-Alayza, S., Urbina, M. A.,
Jorquera, A., Castro-Nallar, E., & Galban-Malagén, C. (2020). Monitoring the occurrence
of microplastic ingestion in Otariids along the Peruvian and Chilean coasts. Marine
Pollution Bulletin, 153(110966), 110966. https://doi.org/10.1016/j.marpolbul.2020.110966

Petit, I. J., Gaymer, C. F., Friedlander, A. M., & Gusmao, J. B. (2021). Humans at the top of
the food web: are coastal benthic communities at Rapa Nui affected by fishing?
Environmental Biology of Fishes, 104(11), 1433—1451. https://doi.org/10.1007/s10641-
021-01182-9

Rodriguez, A., Holmes, N. D., Ryan, P. G., Wilson, K.-J., Faulquier, L., Murillo, Y., Raine, A.
F., Penniman, J. F., Neves, V., Rodriguez, B., Negro, J. J., Chiaradia, A., Dann, P.,
Anderson, T., Metzger, B., Shirai, M., Deppe, L., Wheeler, J., Hodum, P., ... Corre, M. L.
(2017). Seabird mortality induced by land-based artificial lights. Conservation Biology: The
Journal  of the Society for  Conservation  Biology, 31(5), 986-1001.
https://doi.org/10.1111/cobi.12900

Roshan, S., & Devries, T. (2017). Efficient dissolved organic carbon production and export in
the oligotrophic ocean. Nature communications, 8(236).

Santillan, L., Saldana-Serrano, M., & De-La-Torre, G. E. (2020). First record of microplastics
in the endangered marine otter (Lontra felina). Mastozoologia neotropical, 27(1), 211-215.
https://doi.org/10.31687/saremmn.20.27.1.0.12

Sarre, A., Demarcq, H., Keenlyside, N., Krakstad, J.-O., El Ayoubi, S., Jeyid, A. M., Faye, S.,
Mbaye, A., Sidibeh, M., & Brehmer, P. (2024). Climate change impacts on small pelagic
fish distribution in Northwest Africa: trends, shifts, and risk for food security. Scientific
Reports, 14(1), 12684. https://doi.org/10.1038/s41598-024-61734-8

Sellanes, J. et al. (2024). Seamounts of the southeast Pacific. Post-cruise report FKt240108.

Smith, K. L., Jr, Ruhl, H. A., Bett, B. J., Billett, D. S. M., Lampitt, R. S., & Kaufmann, R. S.
(2009). Climate, carbon cycling, and deep-ocean ecosystems. Proceedings of the National


https://doi.org/10.1126/science.279.5352.860
https://doi.org/10.1016/j.marpolbul.2020.110966
https://doi.org/10.1007/s10641-021-01182-9
https://doi.org/10.1007/s10641-021-01182-9
https://doi.org/10.1111/cobi.12900
https://doi.org/10.31687/saremmn.20.27.1.0.12
https://doi.org/10.1038/s41598-024-61734-8

Academy of Sciences of the United States of America, 106(46), 19211-19218.
https://doi.org/10.1073/pnas.0908322106

Stevens, B. G. (2021). The ups and downs of traps: environmental impacts, entanglement,
mitigation, and the future of trap fishing for crustaceans and fish. ICES Journal of Marine
Science: Journal Du Conseil, 78(2), 584-596. https://doi.org/10.1093/icesjms/fsaal35

Stramma, L., Johnson, G. C., Sprintall, J., & Mohrholz, V. (2008). Expanding oxygen-
minimum zones in the 1931 tropical oceans. Science, 320.

Spearman, J., Taylor, J., Crossouard, N., Cooper, A., Turnbull, M., Manning, A., Lee, M., &
Murton, B. (2020). Measurement and modelling of deep sea sediment plumes and
implications for deep sea mining. Scientific  Reports, 10(1), 1-14.
https://doi.org/10.1038/s41598-020-61837-y

SPRFMO. (2014). Information describing Chilean jack mackerel (Trachurus murphyi)
fisheries relating to the South Pacific Regional Fishery Management Organisation. Working
draft, 40pp.

SPRFMO. (2020). Public domain  data  sets. Available online at:
https://www.sprfmo.int/data/catch information/.

SPRFMO. (2022). 10th meeting of the Scientific committee. 26 to 30 september, Seoul, Korea.
SC10-SQO01 _rev2. Squid information held by the Secretariat, 6pp.

SPRFMO (2024). 12th SPRFMO Commission Meeting Report. Wellington, New Zealand. 14
p.

Tapia-Guerra, J. M., Mecho, A., Easton, E. E., Gallardo, M. de L. A., Gorny, M., & Sellanes,
J. (2021). First description of deep benthic habitats and communities of oceanic islands and
seamounts of the Nazca Desventuradas Marine Park, Chile. Scientific Reports, 11(1), 6209.
https://doi.org/10.1038/s41598-021-85516-8

Thiel, M., Luna-Jorquera, G., Alvarez-Varas, R., Gallardo, C., Hinojosa, 1. A., Luna, N.,
Miranda-Urbina, D., Morales, N., Ory, N., Pacheco, A. S., Portflitt-Toro, M., & Zavalaga,
C. (2018). Impacts of marine plastic pollution from continental coasts to subtropical gyres—

fish, seabirds, and other vertebrates in the SE pacific. Frontiers in marine science, 5.
https://doi.org/10.3389/fmars.2018.00238

Tingley, G., & Dunn, M. (2019). Global review of Orange Roughy (Hoplostethus atlanticus),
their fisheries, biology and management. Food & Agriculture Organization of the United
Nations (FAO).

Toro, N., Jeldres, R. 1., Ordenes, J. A., Robles, P., & Navarra, A. (2020). Manganese Nodules
in Chile, an alternative for the production of Co and Mn in the future-a review. Minerals,
10.



Van Gennip, S. J., Dewitte, B., Garcon, V., Thiel, M., Popova, E., Drillet, Y., Ramos, M.,
Yannicelli, B., Bravo, L., Ory, N., Jorquera, L., & Gaymer, G. (2019). In search for the
sources of plastic marine litter that contaminates the Easter Island Ecoregion. Scientific
Reports, 9.

Vega, R., Licandeo, R., Rosson, G., & Yafez, E. (2009). Species catch composition, length
structure and reproductive indices of swordfish (Xiphias gladius) at Easter Island zone.
Latin american journal of aquatic research, 37(1), 83-95.
https://www.scielo.cl/scielo.php?pid=S0718-
560X2009000100007 &script=sci_abstract&tlng=en

Vidal Gormaz, R. (1875). Exploracion de las islas San Félix y San Ambrosio por la Cafionera
Covadonga al mando del Capitan Graduado de Fragata Don Ramon Vidal Gormaz. Imprenta
Nacional, Santiago de Chile, 24 pp.

Villar-Muiioz, L., Bento, J. P., Vargas-Cordero, 1., Morales, E., Tinivella, U., Giustiniani, M.,
Bangs, N., Kinoshita, M., Ronda, A. C., Clarke, M., Hino, H., Jalowitzki, T., Contreras-
Reyes, E., Moncada, D., & Fernandez, R. (2024). New insights into the marine minerals and
energy resources of the Chilean continental shelf with an environmental approach. Earth-
Science Reviews, 255(104850), 104850. https://doi.org/10.1016/].earscirev.2024.104850

Von Dassow, P. & Collado Fabbri, S. (2014). Biological oceanography, biogeochemical
cycles, and pelagic ecosystem functioning of the east central South Pacific Gyre: focus on

Easter Island and Salas y Gomez Island. Latin american journal of aquatic research, 42(4),
703-742. https://doi.org/10.3856/vol42-issued-fulltext-4

Wagner, D., Friedlander, A. M., Pyle, R. L., Brooks, C. M., Gjerde, K. M., & Wilhelm, T.
‘aulani. (2020). Coral reefs of the high seas: Hidden biodiversity hotspots in need of
protection. Frontiers in marine science, 7. https://doi.org/10.3389/fmars.2020.567428

Wagner, D., van der Meer, L., Gorny, M., Sellanes, J., Gaymer, C. F., Soto, E. H., Easton, E.
E., Friedlander, A. M., Lindsay, D. J., Molodtsova, T. N., Boteler, B., Durussel, C., Gjerde,
K. M., Currie, D., Gianni, M., Brooks, C. M., Shiple, M. J., Wilhelm, T. ‘aulani, Quesada,
M., ... Morgan, L. E. (2021). The Salas y Gémez and Nazca ridges: A review of the
importance, opportunities and challenges for protecting a global diversity hotspot on the
high seas. Marine Policy, 126(104377), 104377.
https://doi.org/10.1016/j.marpol.2020.104377

Watling, L., & Auster, P. J. (2017). Seamounts on the high seas should be managed as
vulnerable marine ecosystems. Frontiers in marine science, 4.
https://doi.org/10.3389/fmars.2017.00014

Wilmé, L., Waeber, P. O., & Ganzhorn, J. U. (2016). Marine turtles used to assist Austronesian
sailors reaching new islands. Comptes Rendus Biologies, 339(2), 78-82.
https://doi.org/10.1016/j.crvi.2015.12.001



https://www.scielo.cl/scielo.php?pid=S0718-560X2009000100007&script=sci_abstract&tlng=en
https://www.scielo.cl/scielo.php?pid=S0718-560X2009000100007&script=sci_abstract&tlng=en
https://doi.org/10.1016/j.earscirev.2024.104850
https://doi.org/10.3856/vol42-issue4-fulltext-4
https://doi.org/10.3389/fmars.2020.567428
https://doi.org/10.1016/j.marpol.2020.104377
https://doi.org/10.3389/fmars.2017.00014
https://doi.org/10.1016/j.crvi.2015.12.001

Woodland, R. J., & Secor, D. H. (2013). Benthic-pelagic coupling in a temperate inner
continental shelf fish assemblage. Limnology and oceanography, 58(3), 966-976.
https://doi.org/10.4319/10.2013.58.3.0966

Yaiez, E., C. Silva, J. Maraboli, F. Gomez, N. Silva, E. Morales, A. Bertrand, J. Campalans,
A. Gamonal, J. Chong, P. Rojas, B. Menares & J.I. Sepulveda. (2004). Caracterizacion
ecologica y pesquera de la Cordillera de Nazca como area de crianza del pez espada”.
Informe Final Proyecto FIP N° 2002-04, Fondo de investigacion Pesquera, Chile, 388 pp.

Yanez E, Silva C, Silva N, Ordenes A, Leiva F, et al. 2006. Caracterizacién ecologica y
pesquera de Cordillera de Nazca como area de crianza del pez espada. Fase I1. Informe Final
Proyecto FIP 2004-34, 236 pp.

Yaiez, Eleuterio, Lagos, N. A., Norambuena, R., Silva, C., Letelier, J., Muck, K.-P., Martin,
G. S., Benitez, S., R. Broitman, B., Contreras, H., Duarte, C., Gelcich, S., Labra, F. A.,
Lardies, M. A., Manriquez, P. H., Quijon, P. A., Ramajo, L., Gonzélez, E., Molina, R., ...
Bohm, G. (2017). Impacts of climate change on marine fisheries and aquaculture in Chile.
In: Climate Change Impacts on Fisheries and Aquaculture (pp. 239-332). Wiley.
https://doi.org/10.1002/9781119154051.ch10

Yu, W., Chen, X., & Zhang, Y. (2019). Seasonal habitat patterns of jumbo flying squid
Dosidicus gigas off Peruvian waters. Journal of Marine Systems: Journal of the European

Association of  Marine Sciences and Techniques, 194, 41-51.
https://doi.org/10.1016/j.jmarsys.2019.02.011



https://doi.org/10.4319/lo.2013.58.3.0966
https://doi.org/10.1002/9781119154051.ch10
https://doi.org/10.1016/j.jmarsys.2019.02.011



