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Abstract

Traditional knowledge, customary marine management approaches and integrated
relationships between biodiversity, ecosystems and local communities promote conservation
and ensure that marine benefits are reaped in a holistic, sustainable and equitable manner as
fostered by contemporary ocean governance. However, the interaction between traditional
knowledge, the present scientific approach to marine resource management and specific
regulatory frameworks has often been challenging. To a certain extent, the value of
community practices and customary rules, which has provided an incentive for regional
cooperation and coordination, is acknowledged in several legal systems of the Pacific Island
States and a number of regional and international instruments, but this important
interconnectivity can certainly be perfected.

Based on recent multidisciplinary research (Tilot et al., 2021a; 2021b), this chapter presents a
science-based overview of the marine habitats and activities that would be affected by deep
seabed mining (DSM) in the Pacific region, along with an analysis of the traditional
dimensions and their interconnectivity with the socio-ecological aspects of marine resource
management. We then assess whether the applicable regulatory frameworks attach sufficient
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importance to these traditional dimensions of seabed resource management and cultural
representation in the Pacific region. On basis of this analysis, we identify best practices and
formulate recommendations with regard to the current regulatory frameworks and seabed
resource management approaches to reconcile competing values of the Pacific communities
and to sustain the health of the Global Ocean.

Keywords: Pacific Island communities, ocean connectivity, sustainability, marine
ecosystems, law of the sea, deep sea mining, global change, science-policy-society
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Figure 1. Map of the Pacific region including the Island States with the 200-mile Exclusive Economic Zones
(EEZs) and the international waters within the region. Source: CartoGIS Services, College of Asia and the
Pacific, The Australian National University.(https://asiapacific.anu.edu.au/mapsonline/base-maps/pacific-eez-
zones-11).

The Pacific region (Figure 1) has conflicting ambitions of conservation and of exploitation as
it is one of the largest oceans renowned as a hotspot in biodiversity also with marine
resources of commercial importance (Dahl and Carew-Reid, 1985; D’Arcy, 2006; Petterson,
2008; Trichet and Leblic, 2008; Vieux et al., 2008; Kingsford et al., 2009; Cardno Limited,
2016; Tilot, 2006; Tilot et al., 2021b). The region has the richest deposits of minerals on its
seabed (polymetallic nodules, rare earths, metal-rich muds, cobalt rich ferro-manganese
crusts, and hydrosulfide deposits) (Ernst and Young, 2011; Kato et al., 2011; Hein and
Koschinsky, 2014) which are targeted by the Deep Sea Mining (DSM) industry (Hein, 2013;
Havice and Zalik, 2019). These deposits are located on the seabed both within the limits of
national jurisdiction of several island states, as well as beyond.
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Within national jurisdiction, on the (legal) continental shelf, deep sea mining activities are
regulated by the national legislation of the coastal state (UNCLOS, Art. 77). Beyond the
limits of national jurisdiction, however, the seabed and subsoil that comprise ‘the Area’
(UNCLOS, Art. 1(1)), are governed by a comprehensive international regime and managed
by the International Seabed Authority (ISA) (UNCLOS, Art. 157(1)). The ISA has already
awarded contracts to 31 states, - of which several Pacific Island states such as Tonga, Nauru,
Kiribati and the Cook Islands have sponsored non-state actors or private enterprise — for
exploration activities in the Area and many of these exploration efforts take place in the
Clarion Clipperton Zone (CCZ), where polymetallic nodules and cobalt-rich crust deposits of
commercial importance are heavily concentrated. Similar activities are also being conducted
or anticipated on the continental shelves of certain coastal states, subject to domestic laws
and without interference from the ISA.

The future exploitation of the mineral resources of the seabed presents unique opportunities
for the Pacific Island States for economic growth via scientific and technological progress, as
well as to the world to satisfy the increasing metal demand in the global shift toward
sustainable energy (Hein et al., 2013; Zalik, 2018; Havice and Zalik, 2019). However, it also
poses additional challenges to the preservation and sustainable management of the planet’s
richest ecosystems and marine genetic resources and to the ecosystem services they provide
(Leary et al., 2010; Tilot, 2010; McCauley et al., 2015; Niner et al., 2018; Tilot, 2019).
Therefore, potential harm to the marine environment and the interests of coastal communities,
as well as to the rest of the planet, should be adequately assessed and prevented (Tilot et al.,
2018; Tilot at al., 2021a).

Local and traditional communities of many of the Pacific Island States have long-held
attachments to the sea, envisioned as a continuum with Nature and Peoples (Bambridge,
2016; Bambridge et al., 2021), in particular to species and specific marine areas, processes,
habitats, islands and natural seabed formations (Lewis, 1972; Lohmann et al., 2008). In this
region, the conservation and sustainable management of the marine environment and its
resources, generally of economic importance, is promoted through traditional knowledge and
customary practices, emphasizing the interconnectivity between species and ecosystems
(Ruddle and Johannes 1989; Akimichi 1995; Bambridge, 2016; Tilot et al., 2021b).

Combined with centuries of acquaintance, these traditional and indigenous approaches
constitute keystones to holistic forms of marine resource management, mainly linked to
fisheries and protected areas and species (Pomeroy 1995; Veitayaki 2004; Gavin et al., 2015;
Friedlander, 2018).These approaches occupy an important place in the culture, the society,
the spirituality and the traditions of the Pacific Island communities (Bambridge, 2016;
Bambridge et al., 2019) and represent opportunities for the region (Friedlander and Gaymer,
2020). Thus, if seabed mining activities do not take these interests and visions into account,
the impact on the local and traditional communities with rich maritime cultures (Malinowski,
1935; Kent, 1980; Johannes, 1981; Hviding and Baines, 1992; Hau’ofa, 2008) might be
significant and could seriously affect their Human Well-being and Sustainable Livelihoods



(HWSL)! (D’Arcy, 2013). Especially considering the fact that Pacific Island States are
presently subject to multiple stress factors such as population growth, extreme weather
events, unsustainable fisheries practices, alien species invasions, sea level rise, acidification
and coral bleaching associated with global warming, in particular in the Marshall Islands,
Guam, Northern Mariana Islands, the North-West Hawaiian Islands and Kiribati (Pacific
Community, 2012; IPCC SROCC, 2019). As these newly recognized HWSL dimensions, in
particular traditional knowledge of the Pacific Island communities, rely on the resources from
the deep sea and open waters (D’Arcy, 2013), these would require an innovative regulatory
framework for the management of the exploitation of deep sea mineral resources which
would ensure the preservation of the seabed and the water column, considering the
cumulative impacts of DSM and other human activities (Woodall et al., 2014) and of global
change (Levin et al., 2020).

2. Socio-ecological interconnectivity with the ocean realm in the Pacific
region: Main natural resources and activities that would be affected by
DSM in the Pacific Region

It is important to outline that DSM activities, which occur in different geographic areas with
varied mineralogy and associated value chains (Petterson and Tawake, 2018), take place in a
tridimensional perspective from the seabed, through the water column to the surface and the
air above (Miller et al., 2018). The extraction of ore might take place at the seabed through a
process of cutting and disaggregation, but it is then pumped upwards through the water
column as a slurry, concentrated with the release of diluted seawater, and then transported
across the sea to a terrestrial processing centre (Miller et al., 2018).

Thus, DSM would affect the main natural resources and activities located within coastal
waters (nearshore pelagic and deep-water bottom fish), as well as in the open oceans and the
deep sea (Tilot, 2010; Dyment et al., 2014; Tilot et al., 2018). An overview of the zones and
activities that would be affected by DSM is presented here:

The EEZs of the 22 Pacific Island States span across much of the tropical and subtropical
Pacific Ocean, encompassing an area that exceeds 27 million km? or 8 % of the global ocean
(Figure 1). While coastal fishing areas across the Pacific account for only 1.25 % of this
ocean area (FAO, 2020), the marine environment plays a major role in the economic, social
and cultural well-being of Pacific Islanders by sustaining a multitude of important activities
that fuel local, national and international economies and provide livelihoods and food
security for millions of people (Pauwels and Fache, 2016).

"HWSL are commonly used in the Convention for Biological Diversity (CBD) and the international fora on
sustainable development. HWSL are the social, spiritual, cultural and traditional characteristics and the
capabilities, tangible assets and means of living that set the stage for sustainability, resilience and adaptability of
people to change collectively (WCED, 1987; Holden et al., 2014).



Coastal fishing in the Pacific region encompasses artisanal fishing supplying domestic
markets, subsistence fisheries, which support rural economies and the industrial-scale shrimp
fisheries (Gillett, 2010). Almost all the coastal catch is taken by Pacific Island Countries
(Solomon 1, Cook, Fiji, Kiribati, Marshall, Federated States of Micronesia (FSM), Nauru,
Vanuatu, Niue, PNG, Palau, Tonga, Tuvalu, Samoa) with very little access by foreign fishing
vessels. However, there is concern about whether benefits and services currently derived
from coastal ecosystems, in terms of food security, culture, employment and recreation can
sustain livelihoods in the Pacific Island States as coastal fisheries are declining (Hilmi et al.,
2016). This concern has accelerated efforts to enhance the socio-ecological resilience of
coastal communities in the Pacific which depend heavily on healthy ecosystems and
sustainable fisheries (David, 2016; Gillett and Tauati, 2018). Efforts have been made to
reduce the pressure on coastal ecosystems by improving the management of coastal fisheries,
establishing protected areas and developing nearshore pelagic fisheries and deep sea fisheries
which target reef slopes, outside barrier reefs, and shallow and deeper seamounts at more
than 500m depth (Godstien et al., 2016).

Deep-water bottom fishing has been known for many years in the Pacific region, and has
been practised for generations in some of the remote island communities of the Pacific,
particularly in Polynesia (SPC, 1999). The most active export-oriented deep-water bottom-
fish fisheries in the Pacific Islands are presently in Fiji and Tonga (The Western and Central
Pacific Fisheries Commission, 2019). As deep-sea fisheries typically concentrate on shallow
seamounts which are assessed as highly vulnerable (Tilot, 2013; Williams et al., 2020), there
may as well be competing uses with planned deep sea mining on seamounts where
commercially interesting cobalt-rich crusts are located.

The target species of offshore fishing, undertaken mainly by large industrial-scale fishing
vessels, are swordfish, skipjack tunas, yellowfin tunas, albacore, bigeye tuna, black marlin,
blue marlin, Indo-Pacific sail-fish, shortbill spearfish, striped marlin, blue shark which are
essentially open water species migrating over large routes across the Pacific region (Luschi,
2013). The Western and Central Pacific Ocean (WCPO) tuna fishery is the world’s largest
and most valuable fishery with different seasons according to the targeted species. It accounts
for nearly 60% of global tuna production and has a value of around US$4.5 billion annually
(The Western and Central Pacific Fisheries Commission, 2019). Tuna taken within Pacific
Island Countries waters account for about 45% of the WCPO catch by volume and provide
around 25% of the world’s canned tuna supply (mainly for EU and US) (Havice et al., 2019;
WCPFC, 2019). But only 20% of this catch is taken by Pacific Island fleets with not more than
10% processed locally, the main benefits for Pacific Island Countries deriving mostly from
the fishing access fees (Pacific Islands Forum Fisheries Agency, 2019).

In open seas of the Pacific, numerous species use different depths in the water column as
feeding grounds, e.g., bluefin tunas from the surface to 200m depth, yellowfin and bigeye
tunas and swordfishes upto 1000m depth (FAO, 2000; Block et al., 2011; Schor et al., 2014).
Whales can be found in open oceans at great depths (Ponganis, 2016), e.g., to 1,500m for
Bottlenose whales, 2400m for sperm whales which are generally associated to seamounts



(Boucher et al., 2014), 3000m for Cuvier’s beaked whale and possibly at 4258m for
unidentified large vertebrates according to geomorphological evidence recorded on the
seafloor in the CCZ (Marsh et al., 2018).
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Figure 2. Map of humpback whale migration routes in the Pacific region
(https://hawaiihumpbackwhale.noaa.gov). The dark arrows pass by the tropical Pacific Islands range.

Whales have long formed part of the stories and traditions of Pacific Island peoples (Cressy,
1998; Flood et al., 1999; Creason, 2004; Firestone and Lilley, 2007). The movements and
migrations of whales (Figure 2) have many parallels with the voyaging of the Pacific Island
people (Feinberg, 1995; Gladwin, 1970; Gooley, 2016; Finney, 1998; Lewis, 1972; New
York Times Magazine, 2016). During the last century, the great whales of the South Pacific
were hunted to the brink of extinction. However, this century has seen a strengthening of
regional and national initiatives to conserve whales.

Open water ecosystems in the Pacific region provide important ecosystem services and
societal benefits, not only for the people in the Pacific Islands but also for people around the
world due to the migrating nature of many marine species (De Groot et al., 2012). Indigenous
Peoples and Local Communities (IPLCs) have a role as custodians of significant ecosystems
and of species generally travelling between coastal waters and high seas (Ey and Sherval,
2016; Eckstein and Schwarz, 2019). They are central to the debate addressing gaps in
governance in Areas Beyond National Jurisdiction (ABNJ) and the lack of a comprehensive
framework for biodiversity conservation and management (Vierros et al., 2020).

It is also important to outline that in the mesopelagic, bathyal (200-2000m) and abyssal
realms (2000-6000m) and especially in the deeper hadal realm (more than 6000m), there is a
significant lack of knowledge on species, biodiversity and on the relationships with the
functioning of deep-sea ecosystems where trophic input is generally very low. Deep ocean
environments represent the least explored areas on the planet and are assumed to be the
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largest reservoirs of mostly unknown species and ecosystems which might serve as a cradle
of nonrenewable resources and contribute significantly to planetary biodiversity and global
livelihoods. Specific adaptations, processes and communication such as bioluminescence,
long-range acoustic communication occur in these most vulnerable and now coveted realms.
Deep sea faunal communities are characterized by slow biological mechanisms,
taxonomically high diversity and non-random sparse distribution over large areas (Tilot,
2006).

Deep midwater ecosystems (in the mesopelagic and bathypelagic depth zones) importantly
represent more than 90% of the biosphere (Robison, 2009), connecting to shallow and deep-
sea ecosystems and playing key roles in carbon export (Boyd et al., 2019), nutrient
regeneration, and provisioning of harvestable fish stocks (Drazen and Sutton, 2017). The fish
biomass of deep midwater ecosystems is assessed as 100 times greater than the global annual
fish catch (Irigoien et al., 2014).

Recent global conservation and biodiversity issues, particularly the concern for potential and
real threats to the high seas and deep-sea diversity, have provided an incentive to efforts
aiming at exploring the structure and function of faunal communities in the water column and
the bathyal and abyssal zones and developing marine spatial planning strategies and tools
(Ardron et al., 2008). As connections between the different layers of the ocean are being
studied, in particular to ocean circulation, it is becoming increasingly apparent that global
changes and environmental impacts are affecting all marine organisms from phytoplankton to
higher marine vertebrates and all oceanic processes (Tilot et al., 2018; Tilot, 2019; Drazen et
al., 2020).

3. Characteristics of the main mineral resources targeted by DSM and
vulnerability of associated ecosystems in the Pacific region

The characteristics and the vulnerability of the three main mineral ecosystems to be mined in
the Pacific region (SPREP, 2020) are the following:

- Ferro-manganese polymetallic nodules are rock concretions, 4-14cm in diameter and
variable in shape (Hein et al., 2015). They are generally found on the seafloor or buried in
extensive fine sediment-covered abyssal plains and hills between 3500m and 6500m depth.
Polymetallic nodules are composed primarily of concentric layers of iron and manganese
oxides/hydroxides enriched with a variety of metals including Mn, Fe, Cu, Ni, Co, Pb and Zn
(Mero, 1965). The growth of polymetallic nodules is relatively very slow. Nodules originate
when precipitation occurs concentrically around a pre-existing nucleus (e.g. a shark's
tooth/lithic fragment) and accretes at a rate of c. 1-10mm per million years (hydrogenetic
nodules) or 1-300mm per year (diagenetic nodules). The most commercially important
nodule deposit in the world oceans is located in international waters, in the Clarion
Clipperton Fracture Zone (CCZ) within the North East tropical Pacific Ocean. This area has
been assessed to contain more nickel, manganese and cobalt than all terrestrial resources




combined (Halbach et al, 1988; Bernhard and Blissenbach, 1988; Hein et al, 2020). The CCZ
includes the highest density of seabed mineral exploration licences on the planet. Other areas
of potential interest are the Central Indian Ocean basin and the Economic Exclusive Zones
(EEZs) of the Cook Islands, Kiribati and French Polynesia (Cronan and Hodkinson, 1989;
Hein et al., 2013; SPC, 2013).

The biological parameters of polymetallic nodule associated ecosystems generally correspond
to those characterizing abyssal benthic faunal communities, which are relatively slow with
longer life spans and smaller biomasses. There is an adaptation to deep sea environment with
true deep sea species with reproductive viability and durable radiations of species (Van
Reusel et al., 2016). A series of preferential habitats for megafaunal assemblages have been
identified in the CCZ ranked according to nodule coverage, slope degree, topography and
currents as emphasized by a factor analysis of Reciprocal Averaging (Tilot, 2006). These
results were confirmed by Vanreusel et al. (2016) with suspension feeders and detritus
feeders prevalent in nodule areas. However, information is lacking on sensitivity to spatial-
scale dependence of recolonization of benthic communities (Tilot, 2019).

Vulnerability of polymetallic nodule associated ecosystems to DSM

During the collection of polymetallic nodules on the seabed, impact would generate a
sediment plume and noise close to the seabed in the abyssopelagic domain (5000-3000m), a
plume and noise would then occur during the dewatering phase in the bathypelagic domain
(3000-1000m), the mesopelagic (1000-200m), and epipelagic domains (200m-surface) where
are marine mammal populations, deep sea fishers, commercial fishers (meso and
bathypelagics). Diel vertical migration of marine species in general would also be affected as
well as all biological, physiological and sensorial processes enabling communication
(bioluminescence), feeding and reproduction (Miller et al., 2018). Deep sea communities
associated with polymetallic nodules are predicted to be quite sensitive to environmental
changes and in particular to hyper-sedimentation as expected by mining the seafloor. As
detailed studies show that benthic habitats display heterogeneity at scales of 10 to 100m,
terrain knowledge is necessary when engaging in nodule resource abundance assessment and
predicting the scale of the impact of hyper-sedimentation during mining operations (Tilot,
2010; Peukert et al., 2018; Tilot et al., 2018). The spatial extent of direct mining impacts is
estimated to be 300 to 600km? per year per contractor for manganese nodule mining (Oebius
et al., 2001). Collector plume modelling to date suggests that the area of seafloor indirectly
impacted would be many times larger (Aleynik et al., 2017; Jones et al., 2017; Gillard, 2019).
The lack of data on spatial and temporal species distribution signifies that the full impact of
mining on species is unknown (Miller et al., 2018; Tilot et al., 2018).

The recovery time of a reorganization of food webs would take longer in view of the
slowness of biological mechanisms and the fact that the relatively high biodiversity of this
ecosystem relies principally on the dependence of sessile fauna and epifauna to nodule
deposits (Tilot, 2010). The associated ecosystem would probably be permanently altered by
the fact that polymetallic nodules take such a long time to grow, if ever still possible. The
impact of mining operations in the water column would be greater where water masses have
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been assessed as highly sensitive (Catala et al., 2015). In the CCZ, these are located in two
bathymetric zones, from 500m to1500m with water masses characterized by a great
molecular diversity and from 1800m to 3500m were the oldest water masses of the oceans
have been identified (Tilot et al., 2018). At around 4000-6000m depth in the CCZ, bottom
currents are variable, from 1-2cm/sec to 25cm/sec and more in the case of benthic storms and
other events impinging on the sediment surface and associated faunal communities.

- Cobalt-rich ferro-manganese crusts or Cobalt Rich Crusts (CRCs) are located on
seamounts, intra-plate volcanoes, volcanic chains and on volcanic or carbonate platforms
from approximately 400m to 7000m depth. Cobalt-rich crusts are formed by layers of iron
and manganese oxides enriched with metals such as Co, Fe, Mg, Ti, Ni, Pl and Rare Earth
Elements (REE). CRCs originate by chemical precipitation and form very slowly from 1 to
6mm per million years. Most CRC's of economic interest are between 800m and 2500m
depth (He et al., 2011; Hein et al., 2013, Hein and Petersen, 2014). There would be around 11
000 seamounts with CRCs in the Pacific Ocean (Yesson et al., 2011a; 2011b; Beaulieu,
2010). CRC's are particularly abundant close to the Federated States of Micronesia, Marshall
Islands, Kiribati, Tuvalu, Cook Islands, and French Polynesia (Cronan and Hodkinson, 1989).
The most prospective area for cobalt crusts is located in the Magellan Seamounts in the
Pacific Ocean, east of Japan and the Mariana Islands (Cronan, 1984; von Stackelberg et al.,
1984; Heinand Koschinsky, 2014).

Cobalt-rich associated biotopes are hot spots of marine biodiversity due to the fact that these
are generally located on seamounts where topography, hydrodynamism and upwelling
processes favour transport and trapping of nutrients. Isolated seamount hotspots would induce
important speciation, endemism and higher abundance. Seamounts play a major role as
stepping stones for population dynamics, biological connection and colonization. Moreover,
seamounts attract a large trophic chain in particular bentho-pelagic communities often
targeted by fisheries, a competing interest to DSM (Clark et al., 2016).

Vulnerability of CRC associated ecosystems to DSM

The vulnerability of crust ecosystems is high as sessile organisms are characterized by slow
biological processes, long life spans, slow growth rates, genetic isolation and for most, a low
dispersion rate of larvae, reasons for which seamounts have been considered globally as
Vulnerable Marine Ecosystems (VMESs) to be managed accordingly (Watling and Auster,
2017). These characteristics imply that the impact of mining on relatively small areas could
lead to the extinction of these biocenoses (Tilot, 2013; Levin et al., 2016; Watling and
Auster, 2017). CRC mining may also cause benthic, mesopelagic (200-1,000 m) and
bathypelagic (1,000-4,000 m) fish mortality (Gollner et al., 2017), based on studies on the
impact of deep sea trawling on seamounts. The cumulative effects of natural impacts and
other anthropic activities on the seabed and in the water column, such as fishing, are not well
known but would be assessed as high. The spatial extent of direct mining impacts is estimated
to be tens of km? for crust-mining (He et al., 2011). The area impacted indirectly would be
many times larger (Gillard et al. 2019; Aleynik et al., 2017).




- Seafloor massive sulphide (SMS) deposits originate from hydrothermal activity in active
tectonic settings such as volcanic arcs, back-arcs and Mid-Ocean Ridges (Dyment et al.,
2014). The main metals are copper, iron and gold with small quantities of silver and zinc
(Hannington et al., 2005, 2010, 2011). These polymetallic sulphides occur at depths of
between 1000 and 4000m depth in average. SMS deposits require a long-lived hydrothermal
system (several million to several hundred million years) (Boschen et al., 2013). They are
distributed in small, discontinuous areas, (several 100m?) and strictly associated with
emissions at hydrothermal vents emitting at high temperatures (350°C) that vary in time and
space. Within the Pacific Islands region, SMS deposits are most abundant in the EEZs of
Papua New Guinea, Solomon Islands, Vanuatu, Fiji, Tonga, and New Zealand, but not in the
Cook Islands EEZ (SPC, 2013). The SMS chimio-synthetic microorganisms and bacteria
(free or symbiotic) are the basis of the food chain. Associated faunal communities have
narrow ecological niches within variations of physical parameters (T°C, pH, H.S, CO,, O,) at
hydrothermal vents (Martin et al., 2008; Tyler et al., 2003).

Globally, hydrothermal ecosystems are unstable (smokers, active sites, diffuse vents) with a
life span of organisms relatively short and very fast growth and reproduction rates
(approximately 6 months). Their biomass is very important and can reach several kg/m?
(1000 to 10 000 times the biomass in proximate areas). Species richness is relatively poor, as
most species are strictly restricted to hydrothermal habitats with 95% endemism (Wolff,
2005). Genetic flux is principally ensured by the propagation of large numbers of larvae, as
most adults are characterized by small dispersal capacities. Complex bottom current patterns,
local topography, such as discontinuity of transform faults along ocean ridges, and distances
between sites are barriers to genetic flux and thus delineate biogeographical provinces (Van
Dover et al., 2002).

Vulnerability of SMSs to DSM

Van Dover (2010) estimates that mining would alter the distribution of vents but the mineral
component of chimneys could reform quite rapidly in an active zone (a growth of 40cm over
5 days has been recorded in the East pacific Rise (Hekinian et al., 1983)), however, it is
unknown how long it would take for the recovery of the vent-associated ecosystem (Van
Dover, 2010). Despite the fact that these species are adapted to rapid extinctions and
recolonizations, the exploitation of a total hydrothermal area would interrupt the genetic flux
and hinder any recolonization. As well, a highly repetitive exploitation of the mineral
resources would not leave enough time for the species to complete their life cycle (Boschen
et al.,, 2013; Van Dover, 2010; 2014). A hydrothermal vent operation could discharge
22 000m® to 38 000m* of material and sediment plume over the lifetime of one operation
(Hoagland et al., 2010; Okamoto et al., 2019). These discharges could run continuously for
up to 30 years, producing 500 000 000 m* of discharge over the lifetime of one minesite. The
spatial extent of direct mining impacts is estimated to be tens of km? for sulfide mining (Van
Dover et al., 2018).

In summary, DSM would probably have a considerable negative biological impact on a long
term and at a regional scale, on the deep sea floor, overall the water column, the surface and
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the air over the ocean (Tilot, 2006; 2010; Miller et al., 2018). The changes to the seabed and
overlying water-column that would be brought by mining activities would inevitably impact
all faunal communities present including those in pelagic ecosystems, in particular targeted
species and activities as stressed in the previous section (ASOM, 2011; Tilot, 2011; JPI,
2016; Tilot, 2016; Niner et al., 2018; Tilot et al., 2018; Tilot, 2019; Christiansen et al., 2019;
Drazen et al., 2020). Mining-generated plumes may cause distress by their toxicity, reducing
feeding, communication, causing buoyancy issues and by clogging respiratory and olfactory
surfaces in particular for suspension feeders (Miller et al., 2018; Wilber and Clarke, 2001). At
a population level, it could induce changes in community composition, emigration, decreased
fitness and reproduction and at a certain level of discharge, it could cause mortality or
irreversible changes to the community structure with the complete removal of the substrate
(Miller et al., 2018). The discharge of metals and toxins into the mesopelagic zone could
contaminate seafood, impact fisheries, carbon transport and biodiversity in general (Blum et
al., 2013; Miller et al., 2018). Sediment plumes will also absorb light and change backscatter
properties, reducing visual communication and bioluminescent signaling that are essential for
prey-capture and reproduction in midwater animals (Haddock et al., 2010). The temperature
of seawater would increase when return water would be pumped back into the sea (Miller et
al., 2018). Noise from mining activities could cause physiological stress or interfere with
larval settlement (Lin et al., 2019), foraging, and communication, such as by marine
mammals (Gomez et al., 2016). Concerning water masses and ocean circulation, there would
most probably be long lasting impacts of sediments plumes and noise leading to massive
reductions in ecosystem services (Drazen et al., 2020; Rolinski et al., 2001) with multiple
effects due to complexity, seasonal variations and global change. The low oxygen values of
the thermohaline and intermediate waters would hinder the organic material decomposition,
thus increase the sinking rates to the ocean floor.

On the seabed, due to limited nutrients sinking down from the surface, faunal communities
are characterized as taxonomically highly diverse and distributed non-randomly over large
areas. Recent research evidences rapid adaptation to variable trophic input and an
opportunistic behaviour. Thus abyssal fauna is quite vulnerable to any change, presently it is
affected by climate change with a reduction of Primary production and carbon export to the
deep sea (Levin et al., 2018). The characteristics of an extreme environment may become
harsher to fauna to survive with alternative states of the environment after impact (Tilot,
2016).

Furthermore, as technologies of extraction are not totally finalized, impacts cannot be
correctly assessed on spatio-temporal scales. One must consider cumulative impacts, within
the water column and the seabed, with both natural impacts (natural climate variation, El
Nifio events, earthquakes, tsunamis, underwater vulcanism, benthic storms..) and
anthropogenic disturbances (pollution, fishing, seabed mining, oil and gas extraction, disposal
of wastes...) generally resulting in degradation and homogenization of habitats across broad
tridimensional areas (Glover and Smith, 2003; Smith et al., 2008; Thiel, 2003; Tilot, 2010;
Woodall et al., 2014; Levin et al., 2016; Gollner et al., 2017; VVan Dover et al., 2017; Miller et
al., 2018). One would have to test the response of abyssal fauna to Deep Sea Mining
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activities and identify thresholds of impact for survivors and reorganization of food chains
(Tilot et al., 2018; Tilot, 2019).

4. Traditional knowledge, visions and interests regarding marine resources
and DSM in the Pacific Island Countries

Following the recognition by the UNCLOS of the special regimes of archipelagic waters
(Part 1V) and the EEZ (Part V), the Pacific transformed from islands in “a far sea” to a “sea
of islands”. This last term is drawn from Epeli Hau’ofa, an islander who grew up in Papua
New Guinea, Tonga and Fiji. Hau’ofa addressed the European framing of the islands as being
about mentality as much as maps. The old map of tiny specks in a vast expanse of blue gives
way to “a sea of islands” with all big nations in a connected “new Oceania” that the social
networks call “the ocean in us” (Hau’ofa, 1992). The nexus of Islander’s identity in terms of
belonging and connection according to Hau’ofa (1994) reminisces the traditional perspective
of the first seafarers (Carson, 2018). These navigators would have conquered the Pacific in
island-hopping voyages starting from Taiwan, a theory confirmed by extensive genomic
analysis and the Austronesian language dispersal (Soares et al., 2016; Skoglund et al., 2016).

The Oceanian Peoples, the “people of the sea” (D’Arcy, 2006), are proficient navigators
capable of reaching in giant outrigger canoes the different archipelagos, establishing colonies
or maintaining trade with distant lands, relying on their intimate knowledge of marine species
and processes (among other natural elements) to guide their voyages (Gooley, 2016; Kuhn,
2008; Lewis, 1972). Numerous Pacific Island Countries still practice the traditional art of
navigating, using only one’s senses and knowledge passed by oral tradition from master to
apprentice, by memorizing the motion of specific stars, reading the shape of clouds, the
colors of the sea, recording wildlife species, the shape of waves, currents and water
temperature, in summary, using a “sensory ecology of ocean navigation” (Lohmann et al.,
2008). This would resemble the sensory navigation used by migrating species in open seas
such as sea turtles, sharks and cetaceans (Lohmann et al., 2008). It is also a way to show the
deep connection to Nature of the Oceanian Peoples. These navigation routes were represented
by ancient polynesian stick charts and by star compasses displayed by shells on sand (Figures
3 and 4). These ancient navigation means appeared to be far more sophisticated in the
Marshall Islands than present navigation with sextant, compass and maps (Romm, 2015).
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Figure 3. Ancient Polynesian stick chart using a sensory ecology of ocean navigation. The shells indicate
islands or island groups. The sticks show ocean swells and their direction (with swell refraction patterns around
an island). Photo E398227, Department of Anthropology, Smithsonian Institution, Photo by Donald E. Hurlbert.

-

Figure 4. Star compass of Mau Piailug, a famous micronesian navigator, taught in the Caroline Islands, with
North at top. The "compass" that Mau Piailug carried was not magnetic but a mental model of where islands are
located and the star points that one could use to navigate between them. This mental model would have taken
years of study to build; dances, chants (rong) and stories help the navigator to recall complex relationships of
geography and location. The stars give him highly reliable position information when visible, but navigators
such as Mau Piailug managed to keep their position and tracks in mind even when blocked by clouds, using
other references such as wind and swell as proxies (Thompson, 2007). The Photo represents a re-creation with
shells on sand, with Satawalese (Trukic) text labels (Star Compasses from the Polynesian VVoyaging Society).
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Polynesians are said to have one of the richest, most diverse and complex collections of
mythological tales and legends. There is also a spiritual connection, such as for the
aboriginals of Australia on land and the Torres Straits Islander peoples, who have navigated
their way across the lands and seas using paths called songlines or dreaming tracks. A
songline is based around the creator beings and their formation of the lands and waters during
the “Dreaming” (creation of earth) (James, 2016; Norris and Harney, 2014).

In Oceania, there is an ancestor veneration which has for role to cultivate kinship and
continuity of family lineage. Depending on their lives, accomplishments, lineages and
importance, deceased humans can become guardian spirits or family gods (aumakua in
Hawaiian) for their clans. Many creatures can be guardian spirits (Figure 5), some are
emblematic for certain island nations such as octopuses (Na kika in the Gilbert islands),
turtles (Tabakea in Samoa), eels (Riki in Samoa), sharks (Dakuwaga in Fidji), whales
(Tangaroa for Maori) (Grimble, 2019; Loebel-Fried, 2002).

Figure 5. An etching called « Dokeran » produced in 2008 by Dennis Nona, a fisherman and a professional
artist of Torres Strait. Dokeran is the story of a fisherman that has been transformed into a rock by a spirit that
was in a turtle that he captured. This rock is now a sacred site on Badu island. Courtesy Dennis
Nona/www.artsdaustralie.com.

The core expression of today’s regionalism, the ‘Blue Pacific’, is built on Epeli’s ‘new
Oceania’ and the social networks he called ‘the ocean in us’, drawing on other indigenous
thinkers (Wendt, 1976; Waddell, 2000). Shortly after the independence of most of Pacific
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Island States, the Fijian Prime Minister Ratu Mara (1920-2004) advocated the concept of
“Pacific Way”, a cultural norm elevated to the political level during UNCLOS III
negotiations (1973-1982) (Wallace et al., 1998). It promotes shared local values, including
the respect for the Vanua encompassing the sea, and relies on a “unanimous” mode of
decision-making, that stems from facilitative dialogue among the members of the community
(Haas, 1992; Mara, 1997; see also the Talanoa dialogue within the framework of the 1992
United Nations Framework Convention on Climate Change). For generations, this “oceanian
way of being” has helped islanders transmit their identity and unique relationship to each
other and to their environment, taking a variety of forms, not always directly tied to nature
(Bambridge, 2016). Myths, oral traditions and, cosmologies of the Samoan, Cook islander,
Niuean, Tokelau, Kiribati, Fijian, Tongan, Maori (from Aotearoa- New Zealand), native
Hawaiian, Kanak, M a’ohi (in French Polynesia), Ni-Vanuatu, Solomons and, Papuan
peoples show that they conceived their world in holistic terms, dissolving classic western
distinctions between human and non-human, nature and culture, as objects (Figures 5 and 6).

The Oceanian understandings of the world or “tidal thoughts” in most Pacific Islands
emphasize relations regarding the land and surrounding waters as a continuum, a whole,
including animals and peoples (Bambridge, 2016; Bambridge et al., 2021). The peoples of
Oceania came to develop an understanding of the fragility of marine environments (Fache et
al., 2016; Mawyer and Jacka, 2018; Bambridge et al., 2021). A sustainable practice in
traditional Oceanic terms requires sufficient knowledge of the resource to understand how its
exploitation will affect surrounding life cycles. In Papua New Guinea for example, it
corresponds to a relational ontology that defines “beings”, “spirits” and “nature” as co-
shapers of the graun (the world or the cosmos) and not of separate realms (Childs, 2019).

Figure 6. An etching (216x513cm) called « Mutuk » produced in 2008 by Dennis Nona, a fisherman and a
professional artist of Torres Strait. Mutuk is a traditional legend unique to the artist’s island of Badu. It depicts
the continuum between visible and invisible word, the close connection between living humans and deceased,
marine animals and the spirits of the sea. Australian National Maritime Museum (ANMM).
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5. The traditional perspective of marine resource management in the
Pacific Island States

In many of the Pacific Islands, local communities have traditional, cultural and spiritual
attachments to the sea, in particular to species and specific marine areas, processes, habitats,
reefs, islands and natural formations. Centuries of acquaintance with the interconnectivity of
terrestrial and marine ecosystems underlay traditional indigenous knowledge, and constitute
keystones to holistic forms of marine resource management. These adaptive management
techniques, practices and forms generally preserve or protect areas in an equitable manner
and vastly precede their earliest formulations in Western models for marine conservation.
Also traditional knowledge and customary management are not static but adapt according to
ecological, societal and economic changes (Johannes, 1998, Govan et al, 2008, Veitayaki et
al., 2011, Bambridge, 2016).

The most important marine conservation measure in Oceania was local marine tenure, where
the right to fish in a location was controlled by a clan, chief or family (Johannes, 1978;
Ruddle et al., 1992). Spatial closures within these tenure systems were employed throughout
Oceania for various purposes, and these closures were often imposed to ensure large catches
for special events or as a cache for when resources in the commonly accessed fishing grounds
ran low (Johannes, 1978; Cinner et al., 2006). Temporal closures were widely used to reduce
intensive harvest of spawning fishes or other predictable aggregations (e.g., migration routes)
(Johannes, 1978; 1981). These customary practices include seasonal bans on harvesting,
temporary closed (no-take) areas, and restrictions being placed on certain times, places,
species or classes of persons. Closed areas include the “tabu” areas of Fiji, Vanuatu and
Kiribati, the “ra’ui” in the Cook Islands, the “kapu” in Hawaii, the “tambu” in PNG, the “bul”
in Palau, the “mo” in the Marshall Islands, the “tapu” in Tonga and the “rahui” in New
Zealand (Mori). The “tabu” or “tapu” would design a permanent prohibition associated to an
intrinsic sacralization and the “rahui” or “ra’ui” concept would be a temporary ban on
resources (or resource areas) expressing a political power rather than a control on these
resources in an ecological perspective, e.g., from having free access either to food resources
or to land and water (Bambridge et al., 2019).

In order to ensure the ongoing well-being of the people and their environment, these
unwritten rules are often used to revive or build up stocks, in anticipation of upcoming
celebrations or food shortages (Vieux et al., 2004). These concepts cover a complex system
of communautary rules and prohibitions in many Pacific Island traditions and uses such as in
Fiji, Samoa, Kiribati, Rapanui, Tahiti, Hawaii, Vanuatu and Tonga. Supernatural sanctions
could rise if contravening to these traditional institutions (Grey, 2019; Juster, 2016; Mead,
2003; Love, 2021). Some traditional management systems are highly consistent with the
ecosystem approach, presently recommended in science-based area mangement, such as the
Hawaiian “ahupua’a” where extended elements of Hawaiian spirituality are integrated into
the natural landscape. This same approach is observed as well with the Yap “tabinau”, the
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Fijian “vanua”, the Marovo “puava” of the Solomon Islands and the “tapere” in the Cook
Islands (Ruddle and Hickey, 2008).

The cultural and spiritual values associated with the natural environment and an important
and respectful interaction with Nature has led to a Universal Declaration on the Rights of
Nature, with a shared vision for collective action on global challenges. Community territory
and property rights have extended to the sea in a habit of sustainable management of marine
resources over generations (Pratt and Govan 2010). Maritime cultures often traverse
territorial boundaries to form fluid and mobile networks with little adherence to demarcations
drawn by administrators or conservationists (Acton et al. 2019).

Thus from Oceanian IPLCs perspective, DSM is not distanced from the island environment
because the ocean is at the heart of one’s identity, and part of each individual’s future
(Hau’ofa, 1994, 2008; Mawyer and Jacka, 2018). For example, Lavongai communities from
New Hanover Island in Papua New Guinea, living several kilometers away from the Solwara
1 marine mineral deposit where Nautilus Minerals Inc. invested in a commercial seafloor
massive sulfide mining, expressed their concern, when consulted on their perspective of
future DSM activities, that they would not be able to join their ancestors after death anymore,
as the place where spirits are supposed to pass over was located within the targeted area
(Navarre and Lammens, 2017). These communities also claimed that DSM could alter the
development of shark populations and thereby affect a traditional fishing practice, known as
“shark calling”, an indigenous rite of passage from Papua New Guinea in which young men
lure sharks from the deep using magic to catch and kill them bare-handed (Messner, 1990).

During the 1990s, in the context of an international funded project for assessing economic
impact of natural resource conservation in the Pacific Island coastal waters, sites were
identified with activities involving local communities for their management practices with
objectives of sustainable use of marine resources with Marine Managed Areas (MMAS)
(Jeudy de Grissac, 2003; Govan et al., 2009). In 2000, a network of 743 MMAs has been
recorded among which 565 Locally Managed Marine Areas (LMMAS) (Jupiter et al., 2014).
In this perspective, the denominated Polynesia Mana Node (Cook Islands, French Polynesia,
Kiribati, Niue, Tokelau, Tonga, and Wallis and Futuna) includes a network of marine
protected areas (MPAS) in the coral reef areas where local populations participate, reviving
their culture and traditions as a basis for sustainable reef management (Tilot et al., 2021a).
Today the network of LMMAS includes community members, land owning groups,
traditional leaders, elected decision-makers, conservation staff, university scientists and
researchers and donors who promote a diverse range of objectives, including biodiversity
conservation, fisheries management, livelihood diversification, and climate change adaptation
(Govan et al., 2008; 2009; Jeudy de Grissac, 2016; Weeks and Jupiter, 2013).

Furthermore, the first Large-Scale no-take MPAs (LSMPASs) and shark sanctuaries in the
Pacific region have been initiated in the mid-2000s (Toonen et al., 2013; Wilhelm et al.,
2014). These LSMPAs offer benefits that are not obtainable at smaller scales, primarily the
ability to protect whole ecosystems and interdependent habitats so that biologically connected
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ecosystems can be included within the same management area (Toonen et al., 2013). Large
no-take LSMPASs have been established in several areas (e.g., Hawai'i and US Pacific, Palau,
Pitcairn, Kiribati), while a few jurisdictions have declared or promised to create their entire
EEZs as multi-use LSMPAs (O'Leary et al., 2018). These actions have for objective to
comply with their international commitments with regard to protecting marine ecosystems, to
seek international recognition through environmental issues, or to increase control over their
EEZ with regard to illegal fishing pressure (Leenhardt et al. 2013; Giron, 2016). The
LSMPAs created after 2006 are mainly positioned on areas with high geostrategic stakes,
notably in relation to the Asia-Pacific maritime pivot on tuna fisheries (Giron, 2016) or the
presently denominated political Indo-Pacific pivot (Heiduk and Wacker, 2020).

The “Papahanaumokuakea Marine National Monument™ (/whc.unesco.org/en/list/1326/) is a
LSMPA in Hawaiian waters that protects sacred cultural sites on the islands of Nihoa and
Mokumanamana, the latter having spiritual significance in Hawaiian cosmology (Kikiloi,
2010). Many Pacific Island countries have protected whales, often considered sacred, within
their waters by creating whale sanctuaries which cover now more than 30 million km? of the
South Pacific Ocean, encompassing the EEZs of 11 South Pacific countries, including
Important Marine Mammal Areas (IMMA) (Figure 7). This largest whale sanctuary in the
world represents a global blueprint for whale conservation and the management of shared
resources’. Pacific Island Countries have demonstrated their commitment to whale
conservation by joining a variety of international agreements promoting the conservation of
whales, including the Memorandum of Understanding for the Conservation of Cetaceans and
their Habitats in the Pacific Islands®. Whale-watching, as an industry in the Pacific, is
growing much faster than whale numbers are recovering and is proving to be by far the most
lucrative use of whales (Hoyt, 1995), with the added attraction of doing them no harm,
provided that the operations are well managed (Surma and Pitcher, 2015). As well, numerous
shark sanctuaries are located in the Pacific Region, in New Caledonia, Tokelau, Samoa, Cook
Islands, French Polynesia, Palau, Micronesia, Marshall Islands, Kiribati (Atlas of Marine
Protection (mpatlas.org), Marine Conservation Institute). The first regional shark sanctuary in
the world is in Micronesia (https://www.pewtrusts.org).

All these traditional management practices and tools could presently be considered as Other
Effective area-based Conservation Measures (OECMSs) as designated in the Aichi
biodiversity target 11, concerning terrestrial and marine conservation, adopted in 2010 as part
of the Strategic Plan for Biodiversity 2011-2020 by the Parties to the Convention on
Biological Diversity (CBD) (Jeudy de Grissac, 2016). They are not an alternative but
complementary to MPAs, in particular in countries where the central administration is far

2 Available online at: https://www.wwfpacific.org/what_we_do/species/whales (accessed 30 April 2021)
*Memorandum of Understanding for the Conservation of Cetaceans and their Habitats in the Pacific Islandsy

adopted in 2006
(https://www.cms.int/sites/default/files/document/Inf 03 PacificCetaceans MoU%26AP_0.pdf, accessed April
20, 2021) (accessed 30 April 2021).
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from local preoccupations, the national legislation is incomplete and where there is a lack of
implementation on marine conservation aspects.

Whale Protection in the South Pacific
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Figure 7. Map of Whale protection in the South Pacific including areas under whale protection legislation,
declared whale sanctuaries and those that are in the process to be declared (source: Environment Australia).

In the recent years, the Pacific Island States have collectively established some of the world’s
most sophisticated and highly collaborative conservation and management tools. Through the
establishment of cooperative capacity building institutions, these island states, characterized
by minimal institutional capacity and large maritime domains, provide an important example
of the benefits of regional and sub-regional cooperative approaches (Jeudy de Grissac, pers.
comm.). Clearly, traditional knowledge and community-based marine managed areas have a
central role to play in complementing science-based tools in the protection of the cultural and
biological biodiversity and reaching national, regional and international targets related to
conservation and the sustainable use of the biodiversity (Tuquiri, 2001; SPC, 2005; Jeudy de
Grissac, 2016; Friedlander and Gaymer, 2020). In particular, the traditional knowledge role is
explicitly recognized in the CBD work programme of island biodiversity?, in the
development of the Nagoya protocol on Access to Genetic resources and the Fair and
Equitable Benefit-Sharing, in the designation of Ecologically or Biologically Significant
Marine Areas (EBSAs) and in the development of an international legally binding instrument
under the UNCLOS on the conservation and sustainable use of marine Biological diversity of
areas Beyond National Jurisdiction (BBNJ) (Mulalap et al., 2020). As well, it is included in

*Available online at: https://www.cbd.int/island/ (accessed 16June 2021)
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the Intergovernmental science-policy Platform on Biodiversity and Ecosystem Services
(IPBES) assessments to strengthen the science-policy interface for biodiversity, long-term
human well-being and sustainable development, in fisheries management (FAO, 2017) and in
climate change action (Paris Agreement) (DOSI, 2021). Incorporating knowledge systems,
biocultural approaches enables adaptive management and resilience in the face of
environmental, social and economic change (Sterling et al., 2017) and increases the chances
of long-term success of conservation interventions (Gavin et al.,2015; Jeudy de Grissac,
2015; 2016; DOSI, 2021).

6. Integration of traditional dimensions into regulatory frameworks on
seabed mining in the Pacific

The wide array of activities which we refer to as DSM are not governed by one universal
framework, but rather by an extensive set of legal instruments. The United Nations
Convention on the Law of the Sea (UNCLOS, 1982)° sets out the overarching regime, but
important distinctions must be made depending on the marine space (within and beyond the
limits of national jurisdiction), the activities conducted (prospecting, exploration,
exploitation) and the type of resources. As mentioned earlier, the seabed and subsoil beyond
national jurisdiction are referred to as ‘the Area’ and are governed by a comprehensive
international regime: the fundamental principles are contained in UNCLOS and the 1994
Implementation Agreement, while the more detailed rules are elaborated in the ‘Mining
Code’, comprising the relevant regulations, standards, guidelines and procedures adopted by
the ISA®. The ISA has currently issued regulations for the first phases of mining activities
(prospecting and exploration), divided into separate sets for three distinct categories of
resources, viz, polymetallic nodules, polymetallic sulphides and cobalt-rich ferromanganese
crusts (ISA, 2010, 2012, 2013), but has yet to adopt exploitation regulations (ISA, 2019a).
Moreover, taking into account that non-state actors conducting deep sea mining operations in
the Area must be sponsored by a state, national legislation, defining the conditions to obtain
and maintain a certificate of sponsorship from the sponsoring state, would also play an
important role (Willaert, 2020a).

When taking place on the continental shelf, which comprises the seabed and subsoil beyond
the territorial sea up to a distance of 200 nautical miles from the baselines (and may be
extended to the outer edge of the continental margin when this exceeds the stipulated 200
nautical miles) (UNCLQOS, Art. 76), deep sea mining activities would fall under national
jurisdiction and will be governed by the domestic law of the coastal state, which posesses
exclusive sovereign rights over the natural resources that are located there’.

> UNCLOS was signed on 10 December 1982 by 119 States and entered into force on 16 November 1994. It has
168 State parties as of May 2021: United Nations Treaty Series vol. 1833, p. 3.

® For more information, see https://www.isa.org.jm/mining-code.
7 See infra, section 5
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Zooming in on the integration of traditional dimensions in this extensive collection of
regulatory frameworks, a number of encouraging examples can be identified. For instance,
the 2017 Marae Moana Act of the Cook Islands created a multiple-use marine park “Marae
Moana” (which can be translated as “ocean sanctuary”), encompassing their entire territorial
sea and EEZ of almost 2 million km?, that serves to protect and conserve the ecology,
biodiversity and heritage values of the Cook Islands marine environment (IUCN, 2018;
Willaert, 2021). Among others, it reinvigorates the local practice of “ra’ui” by designating
marine protected areas around each of the fifteen islands, reserved for the local communities
and closed to seabed mineral activities. The 2019 Seabed Minerals Act also takes the visions
and interests of the Cook Islanders into account by prescribing that seabed mineral activities
in the Area may not result in irreparable harm to any community, environment or cultural
practice in the Cook Islands (McCormack, 2016).

Furthermore, the Federated States of Micronesia (FSM) Seabed Resources Act recognizes the
duty to “employ best environmental practices in accordance with prevailing international
standards in order to avoid, remedy, or mitigate the adverse effects of DSM on the
8 ‘as well as to secure Free Prior Informed Consent (FPIC) (including through
compensation) “if marine or coastal users likely to be directly adversely affected by DSM
Activities” are identified by the relevant governing entity at any time, including through the
environmental impact assessment process’. Tellingly, these provisions do not specify
Indigeneous Peoples or similarly situated local communities, although an argument could be
made that such Peoples and communities are included as “marine or coastal users”.
Especially if the reference to “prevailing international standards” in connection to best
environmental practices is interpreted to include FPIC and similar rights afforded to
Indigenous Peoples by international law. Such users arguably include native inhabitants of
the FSM who engage in instrument-free traditional navigation on the open Ocean,
perpetuating a centuries-old practice in the FSM and other Pacific Island Countries, that relies
on a keen understanding of marine life and processes (Feinberg, 1995; Gladwin, 1970;
Gooley, 2016; Finney, 1998; Lewis, 1972; New York Times Magazine, 2016).

Environment

On the regional level, several initiatives have also been taken. For example, the 1986
Noumea Convention for the Protection of Natural Resources and the Environment of the
South Pacific Region (in force on November 24, 1990) contains an indirect reference to the
cultural value of areas and the exercise of traditional customary rights in its Protocol
concerning Cooperation in Combating Pollution Emergencies in the South Pacific Region.
Also the Pacific-ACP States Regional Legislative and Regulatory Framework (RLRF) for
Deep Sea Minerals Exploration and Exploitation, which was supported by EU funding, serves
as a roadmap to guide policy-makers and government agencies of Pacific Island States
towards effective legislation, taking into account the long-term interests and visions of the
island communities and future generations through several provisions (Tilot et al., 2021a). It
clearly acknowledges the fact that Pacific Island communities rely for their livelihoods upon

8FSM Seabed Resources Act of 2014, 8403(a)
? Ibid., Seabed Resources Act of 2014, §403(d)
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the sustainable use of the ocean and its resources by stating that new activities should not
unduly interfere with the various existing uses (including uses relating to highly migratory
marine species and marine ecosystems adjacent to areas beyond national jurisdiction),
therefore promoting integrated legislative or management regimes that take into account all
sea uses and their mutual impact. Fishing of — and other activities relating to — highly
migratory species (such as tuna, swordfish, marlin, sailfish, spearfish, sharks, turtles and
whales) and other customary rights linked to the ocean (including cultural, social, political
and spiritual rights) should be respected or adequately compensated. Significant importance
is also attached to transparency and public participation, in order to enhance public
knowledge and to ensure that all relevant information and visions are taken into account
(Kakee, 2020). Although the areas, which will be directly affected by seabed mining
activities, are to be largely outside customary fishing zones, it is deemed important for all
Pacific Island States to identify all customary marine tenure in their EEZ and avoid any
conflicts, for example by concluding agreements with traditional leaders or local councils.

In addition, the Pacific region — through its regional organizations and in collaboration with
WIPO, UNESCO and other partners — has developed a regional framework for the protection
of traditional knowledge and expressions of culture, guiding the Pacific Island States towards
the development of appropriate national legislation on this vital topic in close consultation
with indigenous peoples and local communities. Of specific relevance to seabed resource
management, “traditional biological knowledge” is defined as “knowledge whether embodied
in tangible form or not, belonging to a social group and gained from having lived in close
contact with nature, regarding: (a) living things, their spiritual significance, their constituent
parts, their life cycles, behaviour and functions, and their effects on and interactions with
other living things, including humans, and with their physical environment; (b) the physical
environment; (c) the obtaining and utilizing of living or non-living things for the purpose of
maintaining, facilitating or improving human life.” To the extent that DSM impacts such
living things, their physical environments, and/or the ways in which holders of traditional
knowledge utilize them for maintaining, facilitating, or improving human life (e.g., traditional
knowledge and practices pertaining to highly migratory marine species of cultural
significance, as well as to open ocean traditional navigation routes), the regional framework
should play a key role in addressing such impacts (Tilot et al., 2021a).

Despite these encouraging examples of traditional knowledge, practices and interests of
Pacific Island communities being considered by regulatory frameworks on marine resource
management and seabed mining, it has to be noted, however, that these do not weigh up
against the numerous instances in relevant legal instruments where no reference is made to
these elements (for examples, see Tilot et al., 2021a, especially the detailed analysis,
displayed in Table 2). Thus, if adequate integration or at least consideration of traditional and
indigenous dimensions and visions, would be prioritized, there is still a long road ahead. For
example, the international legal framework governing seabed mining activities in the Area,
which - despite its remote location - is part of the sacred ocean and may affectgui numerous
marine species of cultural significance that migrate between coastal areas and high seas,
contains very few provisions related to traditional knowledge and interests. Although the
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overarching status of the deep seabed and its mineral resources as the Common Heritage of
Mankind (CHM) (article 136) reflects the idea of collective ownership and preservation for
future generations, the associated measures and mechanisms have yet to be adequately
implemented by the ISA (Willaert, 2020b) and no explicit references to traditional
dimensions have been integrated in the Mining Code (Jaeckel et al., 2017; Bourrel et al.,
2018). Moreover, overall improvements to the international regime for the deep seabed in
terms of transparency and public participation — which might serve as powerful catalysts to
promote the integration and consideration of traditional knowledgein the relevant legal
frameworks and decision-making — are certainly desirable (Willaert, 2020c).

Nevertheless, cautious steps towards increased integration of these aspects within the
international seabed regime have been taken. Indeed, the current ISA Draft Exploitation
Regulations attempts to implement article 149 UNCLOS by including rules regarding the
preservation of human remains or objects and sites of an archaeological or historical nature
that are found in the course of deep sea mining activities, which might serve as a recognition
of the cultural values and traditional dimensions attached thereto (ISA, 2019a). Moreover, a
proposal regarding a template with required minimum content for Regional Environmental
Management Plans (REMPs) listed traditional knowledge of IPLCs as one of the guiding
principles for the development of REMPs (ISA, 2020a). Attention is paid to cultural heritage
and interests by taking into account the connectivity of migratory species which are of
cultural significance to indigenous peoples, traditional marine management areas and
measures, as well as routes and marine features used by local communities for traditional
instrument-free navigation. The ISA Council decided that the Legal and Technical
Commission should take this proposal into account when further developing the guidance on
the development of REMPs and a relevant template (ISA, 2020b).

Suggestions were also made to promote participation of and particular regard to ‘vulnerable
communities’ within the context of the Environmental Compensation Fund. These suggested
amendments to the Draft Exploitation Regulations were welcomed during the first part of the
26th session of the ISA Council meetings (ISA, 2020c, 2020d), and one of the delegates
suggested to refer specifically to indigenous people and local communities who reside in
adjacent coastal states and are likely to be impacted (ISA, 2019b).

7. Conclusion

In the Pacific Island States, “community-based” and “participatory” approaches, through the
integration of “traditional” knowledge and marine tenure, have become very popular means
to reconcile the issues of marine conservation, fisheries management and the development of
coastal communities (Ruddle and Johannes 1989; Akimichi 1995; Pomeroy 1995; Veitayaki
2004). The traditional holistic approach of marine resources management and sustainable use
has been developed for a long time by local communities of islands of the Pacific and
Southeast Asia. Where the interconnected nature of island ecosystems requires a holistic,
integrated management approach, customary practices with their nature-people relations
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continuum perspective (Bambridge, 2016), have been effective in meeting community and
ecosystem goals by preventing communities from exceeding their local carrying capacity.

In many countries of the world, these traditional practices have slowly disappeared, facing
both development pressures and the disintegration of cultural and social ties at the local level.
The absence of a formal inclusion of these traditional practices in regulatory texts has led to
their disappearance as well as the disappearance of the knowledge of the natural environment
that supported them (Jeudy de Grissac, 2015). That is why, the Pacific region is unique in
view of the perpetration of its holistic approach and traditional management practices of
marine areas and resources where nature, communities and open ocean are interconnected or
even unified, in an ontological perspective. The Pacific Island States can pave the way to
react to present global issues in marine conservation and ocean governance by completing, if
not inspiring, science-based strategies and methodologies in the matter (Giron, 2016; Tilot et
al, 2021a).

The integration of traditional dimensions in this extensive collection of regulatory
frameworks concerning DSM has been achieved at different degrees. Pacific Island States
generally recognize the precautionary principle/approach as well as the applicability of
prevailing standards of international law, particularly with regard to averting, minimizing, or
remedying harm to the marine environment. Several Pacific Island States explicitly recognize
Indigenous rights or other relevant human rights, Free Prior Informed Consent (FPIC),
including in connection with consultations with potentially affected “marine or coastal users”.
But few of those Pacific Island States also explicitly reference Indigeneous Peoples and
attendant Indigenous Rights (with the exception of FPIC), which introduces a vagueness in
the legislation that could be exploited to minimize or dismiss the full application of FPIC and
similar rights and considerations to IPLCs in those States (Hunter et al, 2018; Aguon and
Hunter, 2019; Mamo, 2020).

The Pacific Island states could benefit from combining their resources and expertise on
traditional knowledge on ocean matters to include in a regional integrated strategy, such as in
the Pacific Islands Regional Ocean Policy and Framework for Integrated Strategic Action
(Tuquiri, 2001; SPC, 2005), for addressing the challenges of DSM, as fostered by Lily
(2016), which would include innovations, cooperative planning and the involvement of all
stakeholders which would encourage partnerships and collaboration locally and
internationally. DSM mitigation responses and adaptations in the Pacific Islands have to be
appropriate for each of these nations. Simulations and various scenarios can be applied to
explore anticipated impacts (Bradley and Swaddling, 2018).

It will likely require some legal creativity to shoehorn considerations of traditional
dimensions of seabed resource management in all these Pacific Island States solely based on
their relevant national DSM legislation and policies, but the “hooks” are there, if interested
stakeholders wish to utilize them. The integration of traditional knowledge generated by local
communities into multi-actor and multi-scale decision-making processes and governance
systems still depends on variable and complex socio-ecological systems. Those systems and
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circumstances influence and shape the development and implementation of norms,
knowledge, innovations, practices and capacities highly relevant for managing
interconnectivity and extensive human activities and ecosystems, such as deep seabed mining
and ecosystems, and must therefore also be addressed in that regard.

A balance between all competing interests must be struck, and the environmental, social and
cultural costs should not outweigh the potential benefits and the HWSL of the island
communities. Admittedly, the potential conflicts arising out of seabed mining activities are
numerous and significant, but there also seem to be ample opportunities for symbiosis, given
the traditional approaches concerning marine resource management of the Pacific island
communities. Therefore, if the interests and visions of the Pacific islanders are duly taken
into account, this might lead to a balanced regime that reconciles the concerns and needs of
all stakeholders.

The traditional knowledge is based on the Oceanian understanding or “tidal thoughts” of the
world in most Pacific Island States regarding the land and the oceans as a continuum, a whole
including animals and peoples (Bambridge et al., 2021). This concept is well in phase with
the present science-based integrated approach of socio-ecological interconnectivity to marine
environment management and governance and, therefore would be an added value to the
present unifying vision of the Systems View of Life (Capra and Luisi, 2014).

Indeed, the holistic, integrated and trans-disciplinary approach is proven to better address
global challenges such as global climate change, energy security, ecological degradation,
environmental threats to human health and resource scarcity in a sustainable perspective,
assessing the marine environment according to its environmental, economic and social
values. The unifying vision was promoted in the mid-1980s by many international scientific
organizations, in 1987 by the Brundtland Commission’s report “Our Common Future”, in the
“Agenda 21” plan that emerged from the United Nations Conference on Environment and
Development in 1992 and further developed at the World Summit on Sustainable
Development held in Johannesburg in 2002. This new approach of sustainability science has
for objective to understand the integrated “whole” of planetary and human systems by means
of cooperation between scientific, social and economic disciplines, public and private sectors,
academia and government to improve linkages between relevant research and innovation
communities and relevant policy and management communities and foster shared prosperity
and reduced poverty while protecting the environment.

If responsibility, openness and interconnection are indeed to be the watchwords of progress in
the 21% century (Kacenelenbogen, 2010; 2017), then these concepts should be paramount in
guiding the design of a pertinent — that is, inclusive and based on a recognition of the politics
of mining as “embedded in a world of things, bodies, networks and socio-economic relations”
(Bakker and Bridge, 2006) — regulatory framework establishing standards and guidelines for
deep sea mining. An essential first step in that direction would be to consider the vast oceanic
space as not only bursting with precious (and, for the most part, unknown) life, but also as a
highly social and political locus, a “voluminous” (Bridge, 2013; Elden, 2013) or
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“ontological” space, that is, a political — even moral — actor in its own right (Steinberg and
Peters, 2015, Lehman 2013).

RECOMMENDED ACTIONS

We have integrated here some of the recommendations on the topic from a recent publication
(Tilot et al., 2021a) and from a policy brief on the topic that we coauthored (DOSI, 2021):

= For consideration of the UN system and international agreements:

To align the sectoral mandates and activities in ABNJ (e.g. between the ISA and the
IMO (shipping), FAO and RFMOs (fisheries), ICPC (submarine cables) and the
ongoing negotiating process for the conservation and sustainable use of marine
Biodiversity of areas Beyond National Jurisdiction (BBNJ) (DOSI, 2021).

For consideration of the ISA :

To mainstream the conservation and sustainable use of marine biodiversity and
marine resources in deep seabed mining define deep seabed mining activities.

To precise all deep seabed mining impacts (sea-bottom, water column, surface and air
above) (small distance and long distance, duration of impacts, primary and secondary
impacts, cumulative impacts, ...).

To foster an adaptive context-based socio-ecological governance that relies on the
active participation (with their Free, Prior and Informed Consent (FPIC), in
accordance with the United Nations Declaration on the Rights of Indigenous Peoples)
of local and traditional communities in decision-making as well as in the
implementation of DSM projects because traditional knowledge and practices about
resource management in the Pacific fundamentally rely on reciprocal relationships.

To recognize the cultural and social values attached to traditional knowledge and
traditional practices relative to deep-sea ecosystems through national legislations and
ISA regulations.

To encourage ISA Member States to undertake a strategic level of engagement with
‘the public’ on matters that are beyond the scope of individual Environmental Impact
Assessments (EIAs) for each exploitation and Strategic Environmental Assessments
(SEASs) for multiple exploitations in the same basin, region or ocean (DOSI, 2021).

To develop a mechanism for compensation in case of damage/impacts to the quality
of environment and future region (Environmental fund) considering all the potential
impacts of DSM, on the seabed, in the water column and at the surface, and the spread
of these impacts far from the exploitation area and inside waters under national
jurisdiction, in addition to the creation of a fund for receiving and distributing the
benefits of DSM exploitation, part of the fund could be allocated to riparian states for
compensation of environmental damage and destruction.

For integration / dissemination of traditional knowledge, traditional knowledge
holders, IPLCs at the local and national levels

To collect traditional knowledge on marine ecosystems and resource management
practices, to produce and circulate the information at all levels of stakeholders.
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To collect the perspectives that traditional knowledge holders have of DSM and of the
DSM areas when agreed upon by local and traditional communities. Wider
consultation is needed to fully understand the significance of deep seabed mining
areas to traditional knowledge holders and communities with different cultural and
historical values. A broader diversity of deep-sea perspectives including multi-cultural
and spiritual significance warrant consideration in collective decision making (Worm
etal., 2021).

To integrate traditional knowledge related to environment into risk assessment
measures through a precautionary approach (DOSI, 2021).

To integrate traditional knowledge into marine spatial planning and governance
processes in DSM projects (DOSI, 2021).

To collect traditional knowledge at the local and national level and identify relations
with traditional management and sustainable use of natural resources. Public
awareness of traditional knowledge can be raised through: an online portal for and by
Indigenous Peoples (Mamo, 2020), One Ocean Hub Code of Practice, The
International Indigenous Youth Council, Elder councils, showcasing traditional
knowledge in the most appropriate medium (DOSI, 2021). An important first step
would be to have traditional knowledge data repositories that are consistent with the
IOC Oceanographic Data Exchange Policy or the relevant UN subordinate body data
policy. Such repositories must be formed with the FPIC of the relevant traditional
knowledge holders through a culturally appropriate and rights-sensitive manner in
accordance with the United Nations Declaration on the Rights of Indigenous Peoples
(DOSI, 2021).

To evaluate importance of natural resources, in particular mineral seabed resources
and the Human Well-being and Sustainable Livelihoods (HWSL) of local
communities (social and economic values).

To develop the recognition of traditional knowledge and traditional practices at the
national level, as a precautionary approach, and consider to transfer the informal
practices of the local communities in formal legislation and/or regulations.

For consideration of scientists and experts:

To collect scientific knowledge related to marine ecosystems and seabed resource
functioning in an ecosystem-based approach integrating the socio-ecological aspects
of marine uses in order to better appreciate the holistic approach of traditional
knowledge related to marine ecosystems and seabed resource management for Island
States of the Pacific Region.

To analyse and monitor the variability of socio-ecological factors intervening in the
functioning of marine ecosystems in order to adapt progressively the seabed resource
management.

To investigate on hybrid forms (traditional knowledge practices with science-based
management/conservation practices) of marine resource management applicable to
DSM and, in this context, their replicability in different oceans in the world.
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