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Deep-Sea Mining
Overview

In March 2013, the Prime Minister said that
deep-sea mining could be worth £40bn to the
UK over the next 30 years.1 This briefing
summarises the framework governing activity
in international waters. It also describes the
mineral deposit types being considered and the
proposed extraction methods, potential
environmental effects and mitigation options.

Background
Where oceans are more than 500 m deep they are referred
to as the ‘deep sea’.2 Valuable minerals are known to be
deposited at or near the surface of the deep seabed. Such
deposits were first considered for extraction in the 1960s,3
but at that time it was technologically and financially
unfeasible.4 There has been renewed interest in the last
decade because of the growing demand for metals, the
increasingly inaccessible and degraded land-based deposits
and advances in marine submersible and mining
technology.
Exploration for three main types of mineral deposit in
international waters is regulated by the International Seabed
Authority (ISA), a body established under the 1982 UN
Convention on the Law of the Sea (UNCLOS).5-7 In 2014,
The Deep Sea Mining Act was updated to bring UK law in
line with UNCLOS.8 However, international regulations for
commercial recovery (mining) are still being developed by
ISA.9 The UK has world-leading marine engineering, marine
science and marine consultancy industries. It has been
estimated that deep-sea mining activity in international
waters could involve a supply chain of up to 100 British
companies and create thousands of jobs.1
No deep-sea mining in international waters has yet taken
place, but UK Seabed Resources is exploring a specific

 The first deep-sea mining in national waters,
off the coast of Papua New Guinea, may
begin in 2018. For the UK, current deep-sea
mining focus is on international waters,
regulations for which are under
development.
 Three different types of deposit are being
considered, each associated with a distinct
geology and ecosystem. However, the
extreme environment of the deep sea poses
new engineering challenges.
 Some deposits are found in areas that are
known to have high ecological value.
 The environmental impacts of deep-sea
mining are uncertain because little is known
about deep-sea organisms, their distribution
or their sensitivity to disturbance.
geographic area of the Pacific Ocean. Deep-sea exploration
is being undertaken in national waters, subject to the
regulations of those nations. On the basis of exploration,
Nautilus Minerals has stated that it plans to begin mining in
Papua New Guinea national waters in 2018.10
There are concerns about the potential environmental
impacts of mining, and bodies such as the Deep Sea
Conservation Coalition, have called for a moratorium on
deep-sea mining activities pending public debate and
regulatory development.11-14 It was only discovered in the
1960s that the diversity of life in the deep sea could be as
high or higher than in shallow water,15 and the deep sea
remains largely unexplored.16 This POSTnote sets out:
 the resource security challenges driving deep-sea mining
and the current and future regulatory framework
 the three deep-sea deposit types being considered and
the mining technologies that are being developed
 current knowledge about deep-sea ecosystems and the
potential impacts from mining activities.

Resource Security and Legislation
Global metal prices have been declining since 2011 and are
expected to continue to do so in the short term because of
new production capacity and lower demand.17 In the
medium to long term, a growing global population, the
emerging economies and a larger low carbon sector are
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expected to increase demand and prices for metals.18,19
There are also concerns about security of supply,
particularly for rare earth elements (REEs), which are used
in many high-tech goods, such as mobile phones, as well as
low-carbon technologies, such as solar panels (POSTnote
368). China produces 91% of the world’s REEs20 and is the
source of 41% of REE imports into the EU.21 It imposed
strict quotas to limit exports until this year, when they were
lifted following a Word Trade Organisation ruling.22
In 2011, the House of Commons Science and Technology
Committee published a report expressing concerns about
supplies of critical metals for the UK. It observed that there
may be a need to exploit lower grade minerals to meet
growing demand.23 In response, the Government released
the 2012 Resource Security Action Plan, which also
discussed the necessity of further primary extraction. 24
Investing in deep-sea mining is just one way to meet future
demand.25,26 Other options include:
 designing products to make the recycling of REEs
economically desirable27
 substituting current technologies with ones that do not
need REEs24
 investing in alternative land-based mining resources,
such as abandoned mines.28 Although declared landbased resources are being depleted, innovations in
exploration, extraction and processing allow the
exploitation of previously inaccessible resources.25

Mining in National Waters
UNCLOS defines waters within 200 nautical miles as the
exclusive economic zone (EEZ), where signatory states
have sovereign rights over resources of the sea. It also
recognises that some states are entitled to a continental
shelf beyond this 200 nautical mile limit. To claim this, they
must submit information on their outer limits to the
Commission on the Limits of the Continental Shelf.29 The
expectation is that UK offshore waters will contain deposits
of interest,30 but these have not yet been officially identified.
Although all three mineral deposit types (see below) have
been identified within UK Overseas Territories waters, their
commercial potential is unknown.31 There are concerns
about the capacity of governments of small developing
states, particularly Pacific Island states, to manage deepsea mining in their national waters.12

Mining in International Waters
Beyond the EEZ or extended continental shelf (in legislation,
known as the ‘Area’) mineral resources are regulated by ISA
(Box 1),29 which has established a Mining Code that
includes prospecting and exploration regulations.5-7

Deep-Sea Mineral Deposits
The deep sea contains a range of different minerals which
naturally occur in three main types of deposit:
 seafloor massive sulphides (SMS)
 polymetallic nodules
 cobalt-rich crusts.
Other deposits found in the deep sea that are being
considered for extraction include phosphate deposits
(POSTnote 477)34,35 and REE-rich muds,36 but these are not
yet covered by international regulation.
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Box 1. Regulation of Deep-Sea Mining
The International Seabed Authority (ISA)
To enter into a contract with ISA, contractors must be sponsored by a
state government, pay an application fee of $500,000 and submit work
plans, which are reviewed by the Legal and Technical Commission
(LTC) of ISA. A 15-year exclusive exploration contract is issued for a
specific area, the size of which depends on the type of deposit.5-7 To
date, the Council of ISA has approved 26 exploration contracts.32 The
first contracts awarded expire in 2016,32 but contractors may apply for
an extension of five years or submit a plan of work for exploitation.29
Work has begun by ISA on the development of a regulatory framework
for the exploitation of minerals in international waters, with an initial
focus on polymetallic nodules.9
The Deep Sea Mining Act 2014
To mine in international waters, UK contractors must apply for a
domestic licence, which includes both financial and environmental
conditions, from the UK Government (Department for Business,
Innovation and Skills) before making a sponsored application to ISA.33
The Deep Sea Mining Act,8 a Private Members’ Bill, received royal
assent in May 2014 and amended the Deep Sea Mining (Temporary
Provisions) Act 1981 which was passed prior to UNCLOS:
 requiring that contractors obtain a contract from, are regulated by,
and comply with ISA (although they must also report back to the
UK Government)
 enforcing decisions of the Seabed Disputes Chamber of the
International Tribunal for the Law of the Sea, which has exclusive
jurisdiction over mining disputes under UNCLOS.

Seafloor Massive Sulphides (SMS)
SMS are associated with hydrothermal vents (Box 2). They
contain many metals including copper, zinc, lead, gold,
silver and small quantities of other metals.37 Areas of
particular commercial interest include the Mid-Atlantic
Ridge, the Indian Ocean ridges and the South West Pacific
in both national and international waters.38 Estimates
suggest that there is around 30 million tonnes of metal in
SMS associated with active vents; equivalent to about 10%
of total discovered metal in land-based deposits.39 There is
also evidence that there may be significant quantities of
SMS at inactive vent sites.40 These are harder to find but
easier to mine; exploration tools are being developed.39

Polymetallic Nodules
Polymetallic nodules are formed where minerals are
deposited on rocks and build up over time; they are
scattered across the soft sediment surface of the abyssal
plains (Box 2). They generally range from 1-12 cm in length
and form over millions of years.41 The major components of
polymetallic nodules are manganese, nickel and copper, but
they also contain cobalt, small quantities of other metals and
REEs.41 Nodules were the focus of exploration in the 1960s
and 1970s.3 Areas containing nodules include the ClarionClipperton Zone (CCZ, Box 3), the Peru Basin, the Penrhyn
Basin and the Central Indian Ocean.41 Estimates suggest
that the amount of manganese found in nodules in the CCZ
is more than that found in the total land reserve base.41,43

Cobalt-rich Crusts
Cobalt-rich crusts are found on seamounts (Box 2) and
other rock surfaces. They are formed by minerals in
seawater deposited onto these surfaces.41 Crusts can be up
to 26 cm thick41 and are mostly composed of iron and
manganese, but can also include cobalt, nickel, titanium,
copper, tellurium and REEs.43-45 Areas containing cobalt-

POSTnote 508 September 2015 Deep-Sea Mining

Box 2. Deep-Sea Geological Features
 Hydrothermal Vents, commonly known as ‘black (or white)
smokers’, are cracks in the sea floor where sea water seeps down
and becomes superheated (up to 400°C) and enriched with
minerals in the earth’s crust. It rises up as smoke-like clouds of
mineral-rich particles, some of which are deposited as chimneys on
the sea floor. They are found along ocean ridges in areas of deepsea volcanic activity (between 2,000 and 5,000 m57) and at
shallower water depths.38
 Abyssal Plains are large, continuous areas of the seabed, at
depths of 4,000 to 6,500 m.41 They account for more than 90% of
the deep-sea floor.16
 Seamounts are underwater mountains, generally extinct
volcanoes, with summit depths of between 100-4,000 m.58
rich crusts include the Pacific Prime Crust Zone (PPCZ) and
the North East Atlantic.41 Estimates suggest that the amount
of tellurium (used in alloys, solar cells and electronics) found
in crusts in the PPCZ is nine times greater than that found in
the total land reserve base.41,43

Proposed Mining Methods
There are a number of ongoing, and mostly exploration,
projects.46 Technologies for deep-sea mining vary by
mineral deposit type and are under development. They are
more developed for SMS and polymetallic nodules (Boxes 3
and 4) than cobalt-rich crusts. A typical operation47,48 will
consist of:
 sea floor production tools which cut (crusts and
sulphides) or collect (nodules) and transport the ore to a
riser and lifting system
 a riser and lifting system through which ore is pumped to
a surface support vessel
 a surface support vessel which removes water from the
ore for transportation to a processing facility on land. The
waste water is pumped back down to the site of ore
collection, the water column or surface waters.
Some advanced technologies developed for the offshore oil
and gas, dredging and trenching industries can be adapted
for the extraction of deep-sea minerals.49,50 For example,
autonomous underwater vehicles (AUVs) are used to survey
the seabed prior to extraction51 and remotely operated
vehicles (ROVs) play a role in the sampling of deposits, the
mining itself and monitoring of the mining process.50

Environmental Effects
The deep sea accounts for about 60% of the Earth’s
surface,16 but only about 5% has been explored.52 As well
as being a repository of biological diversity,53 it provides a
number of environmental benefits supporting human
wellbeing (ecosystem services, POSTnote 378)54-56
including:
 the provision of products used by humans such as fish,
which as well as being used for food, also provide genes
and proteins for industrial and pharmaceutical uses
 the support and regulation of processes such as water
circulation, CO2 exchange, waste absorption and
detoxification and nutrient cycling (see below).
Given how much is unexplored, there are few estimates of
the deep sea’s total value, both in biological and monetary
terms (POSTnote 288). A study estimated that deep-sea
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fish from UK-Irish offshore waters sequester one million
tonnes of CO2 per year from the surface to the deep-sea
floor, worth €8-14 million under the EU Emissions Trading
Scheme.65 Some evidence suggests a positive correlation
between deep-sea biodiversity and the production of
benefits, but the strength of this relationship varies between
ecosystems.66

Vulnerabilities of Deep-Sea Biodiversity
The total species richness of the deep sea has been
estimated to be between 500,000 and 10 million species,67
but only about 25,000 have been described.2 This lack of
knowledge about deep-sea biodiversity68 limits the ability to
predict impacts.16,69 However, it is known that impacts will
vary according to habitat type and typically include:
 physical destruction of the habitats and organisms directly
in the path of mining machines,70 potentially leading to
changes in the composition (Box 5) and functioning of
ecosystems, as well as species extinction16 changes in
light and noise levels, which may interfere with
organisms’ ability to communicate71,72
 the formation of sediment plumes (either from direct
contact of mining machines with the seabed or from the
return of mining waste to the water). This could affect the
concentration and character of suspended sediment in
the water above the seabed and the organisms living on
and above the seabed, including the upper water column
(within 100 m of the surface).
The physical behaviour of plumes can be modelled using
techniques developed for the dredging industry.73 However,
most deep-sea regions lack ground-truth data for important
variables such as the speed of currents on the sea floor.74
The sensitivity and recoverability of organisms to sediment
Box 3. Mining in the Clarion-Clipperton Zone (CCZ)
To enter into a contract with ISA for exploration for nodules, a
contractor must divide its proposed claim site into two sites of equal
commercial value. One of which is allocated to the contractor, the
other is reserved for a developing state or the commercial arm of ISA
(the Enterprise, which has yet to be created).59 The greatest
abundance of nodules is found in the Clarion-Clipperton Zone (CCZ),
an area of 4.5 million km2 in the North Pacific Ocean.60 16 of the 26
exploration contracts approved to date by the Council of ISA are for
this area, and involve states including Germany, France, China,
Russia and the UK.32 Because of the high level of commercial interest
in this area, ISA has provisionally adopted an Environmental
Management Plan for CCZ. This includes a network of nine Areas of
Particular Environmental Interest where mining is prohibited, covering
around one-sixth of CCZ.61
The UK-sponsored contractor, UK Seabed Resources (UKSR), a
subsidiary of Lockheed Martin UK, holds a contract to explore an area
of the CCZ and has been approved for another. Together, these two
contracts cover an area of more than 130,000 km2, neighboured by
the Singapore claim area, in which UKSR also has a minority stake.48
The majority of nodules have been found at depths of 4,000 to 5,000
m and are 5 cm or less below the surface of the seabed; UKSR
envisages multiple nodule collecting machines scooping up theses
nodules from the seabed.48 The company has invested £12 million
into its exploration programme, working with an international
consortium of research institutions including Senkenburg (Germany),
IRIS (Norway), University of Hawaii, Scripps Institution of
Oceanography (US), Natural History Museum and National
Oceanography Centre (UK).48
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Box 4. Mining in the Solwara 1 Area of the Bismarck Sea
A Canadian-registered company, Nautilus Minerals, plans to begin
mining SMS in the Bismarck Sea, Papua New Guinea (PNG) in
2018.10 The area to be mined, Solwara 1, is 0.112 km2, at a depth of
1600 m below sea level and is associated with mostly inactive
hydrothermal vents.62 Nautilus Minerals received its Environmental
Permit in 2009 and a Mining Lease in 2011 from the PNG
government, but has been delayed by disagreements over the
financial terms.63 NGOs and civil society groups are concerned about
the environmental, social and economic impacts, particularly on
nearby fisheries.12,64 The operation is expected to last 2.5 years,62 and
the technologies required are being developed by a range of
contractors including General Marine Contractors, a US company, and
Soil Machine Dynamics (SMD), a Chinese-owned company based in
Newcastle upon Tyne.10 SMD is developing sea floor production tools
including:
 an Auxiliary Cutter which will level the seabed and allow access for
the other tools
 a Bulk Cutter which is the primary production tool for cutting
material on the seabed and pumping it to a stockpile
 a Collecting Machine which will collect the stockpile and transfer it
via a pump through a riser and up to a support vessel (front
picture).10,47
plumes is also unknown; plumes may physically bury
organisms, interfere with organisms’ filter-feeding activities
or expose organisms to toxic chemicals leaching out of the
sediment.70,75 They may also interfere with ecological
linkages between ecosystems, both along the seabed and
through the water column.76
Hydrothermal Vents
Hydrothermal ecosystems are unique. They rely on bacteria
to extract energy from dissolved minerals and are
characterised by a large amount of life.77 The most well
studied communities are on fast spreading ridges, which
experience frequent disturbance (e.g. volcanic activity).39
Organisms appear to be adapted to disperse between, and
rapidly populate, vents in order to survive. However,
dispersal distances have only been tested in a few species
out of about 400 currently-described vent species.74 For
example, giant tube worms have a larval stage that lasts on
average 38 days during which they can cover a distance of
100 km.78 Such characteristics may allow recovery after
mining activity.79 The dispersal ability and vulnerability of
organisms found at slow-spreading ridges is even less well
understood,80,81 but these sites are associated with SMS
deposits which are larger.39 Most plans for mining have
focussed on inactive vents with less extreme environments
(Box 4), but their ecology is poorly understood. These
ecosystems may be less-productive77 but also less dynamic
and hence more vulnerable to disturbance.76
Abyssal Plains
Abyssal plain sites are typically high in biodiversity82 but at
low densities,83 with organisms living on both the nodules
themselves and in the seabed sediment.84,85 Biodiversity
estimates come from a few studies at individual sites that
have recorded many new species but without full
description.86 Species descriptions are needed to estimate
the regional diversity and distribution of species in areas
such as the CCZ.74 Studies suggest that some species exist
in genetically distinct populations in different areas.87,88
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These could be at greater risk of extinction as they may be
adapted to specific habitats or have low dispersal abilities.74
Seamounts
Seamounts are high in biodiversity54 and are important sites
for fish spawning and feeding.89 Fishing in these areas has
led to rapid and long-lasting damage. For instance, in New
Zealand and Australian waters, fishing has led to declining
stocks of orange roughy,91 a deep sea fish species that has
low resilience to disturbance because it only reaches
reproductive maturity at about 20 years.90 Mining of crusts
on seamounts, may pose a high extinction risk for the
species that inhabit them.92,93
Researching Environmental Effects
An agreement was reached by the UN to begin negotiating
a new biodiversity conservation agreement for the high seas
under UNCLOS in January 2015. A Preparatory Committee
will begin drafting this agreement in 2016.94 There are a
range of methods that might mitigate the impacts of deepsea mining (Box 5). International research programmes,
such as the ongoing EU-funded and UK-led MIDAS project,
can also further our understanding of the environmental
impacts of deep-sea mining, including the potential effects
of sediment plumes in the water column.95-97 Surveys by
governments and ISA authorised contractors are being
undertaken,48 but deep sea habitats are difficult and
expensive to sample and survey, requiring ROVs and AUVs.
Box 5. Predicting and Minimising Effects of Deep-Sea Mining
Several small-scale impact experiments have been conducted to
investigate the recovery time and sensitivity of the seabed community
on the abyssal plains to nodule mining.98-100 In one study, direct
disturbance of an area of 11 km2 led to the abundance and diversity of
large animals remaining below pre-disturbance levels for seven years
after disturbance.101 However, such studies can only give an indication
of the potential impacts of commercial-scale mining.16 Some
theoretical methods to mitigate the potential impacts include:
 applying the precautionary principle – in the absence of scientific
consensus that an action is not harmful, the burden of proof that it
is not harmful should fall on those proposing the action
 designating protected areas where mining activity is prohibited,61
requiring data to identify suitable areas102,101 and to coordinate
mining with other activities102,104,105
 real-time monitoring of operations, using existing106,107 and
emerging technologies,50 to ensure that mining impacts do not
exceed expectations76
 designing mining machines to minimise environmental effects,
including shrouds to reduce sediment plume generation.50
Endnotes
1 The Guardian, 14th March 2013, David Cameron says seabed mining could be
worth £40bn to Britain.
2 World Register of Deep-Sea Species. Accessed at
http://www.marinespecies.org/deepsea
3 Mero, J., 1965. The Mineral Resources of the Sea, Elsevier, New York, US.
4 Prof. Roderick Eggert, Colorado School of Mines: Personal communication.
5 ISA Assembly, 2012. Decision of the Assembly of the International Seabed
Authority relating to the Regulations on Prospecting and Exploration for Cobaltrich Ferromanganese Crusts in the Area.
6 ISA Assembly, 2010. Decision of the Assembly of the International Seabed
Authority relating to the Regulations on Prospecting and Exploration for
Polymetallic Sulphides in the Area.
7 ISA Assembly, 2013. Decision of the Assembly of the International Seabed
Authority regarding the Amendments to the Regulations on Prospecting and
Exploration for Polymetallic Nodules in the Area.
8 The Stationary Office, 2014. Deep Sea Mining Act 2014.
9 ISA, 2015. Developing a Regulatory Framework for Mineral Exploitation in the

POST is an office of both Houses of Parliament, charged with providing independent and balanced analysis of policy issues that have a basis in science and technology. POST is
grateful to Dr Klara Wanelik for researching this briefing, to the Natural Environment Research Council for funding her parliamentary fellowship, and to all contributors and reviewers.
For further information on this subject, please contact the co-author, Jonathan Wentworth. Parliamentary Copyright 2015. Image copyright Soil Machine Dynamics Ltd

POSTnote 508 September 2015 Deep-Sea Mining

Area: Report to Members of the Authority and all Stakeholders.
10 Nautilus Minerals Inc., 2014. Nautilus Minerals Inc. Annual Report 2014.
11 Mr Matthew Gianni, DSCC: Personal communication.
12 Rosenbaum, H., 2011. Out of Our Depth: Mining the Ocean Floor in Papua
New Guinea.
13 WWF, 2011. Deep-sea Mining Position Paper.
14 Greenpeace, 2013. Deep Seabed Mining. An urgent wake-up call to protect our
oceans.
15 Hessler, R. and Sanders, H., 1967. Deep-Sea Research, 14: 65–78.
16 Glover, A.G. and Smith, C.R., 2003. Environmental Conservation, 30: 219–241.
17 World Bank Group, 2015. Commodity Markets Outlook.
18 European Commission, 2014. Report on Critical Raw Materials for the EU.
19 Angerer, D. et al, 2009. Raw Materials for Emerging Technologies: The
influence of sector-specific feedstock demand on future raw materials
consumption in material-intensive emerging technologies.
20 US Geological Survey, 2014. Mineral Commodity Summaries 2014.
21 European Commission, 2014. Communication from the Commission to the
European Parliament, the Council, the European Economic and Social
Committee and the Committee of the Regions. On the review of the list of
critical raw materials for the EU and the implementation of the Raw Materials
Initiative.
22 World Trade Organisation, 2015, One-page Summary of Key Findings: China Rare Earths.
23 House of Commons Science and Technology Select Committee, 2011.
Strategically Important Metals.
24 Defra, 2012. Resource Security Action Plan: Making the most of valuable
materials.
25 Bloodworth, A. and Gunn, G., 2012. BRGM’s Journal for a Sustainable Earth,
15: 90–97.
26 Eggert, R.G., 2011. Nature Chemistry, 3: 688–691.
27 UNEP, 2011. Recycling Rates of Metals: A Status Report.
28 Viable Alternative Mine Operating System. Accessed at http://www.vamosproject.eu
29 UN, 1982. United Nations Convention on the Law of the Sea.
30 Dr Jon Copley, University of Southampton, Personal Communication
31 Dr. Bramley Murton, NOC: Personal communication.
32 Internaitonal Seabed Authority. Accessed at http://www.isa.org.jm
33 Dr. Rupert Lewis, BIS: Personal communication.
34 Chatham Rock Phosphate Limited, 2014. Application for a Marine Consent to
Undertake a Discretionary Activity.
35 Environmental Protection Authority, 2015. Decision on Marine Consent
Application: Chatham Rock Phosphate Limited to Mine Phosphorite Nodules on
the Chatham Rise.
36 Kato, Y. et al, 2011. Nature Geoscience, 4: 535–539.
37 Geological Survey of Canada, 2004. Geological Database of Seafloor
Hydrothermal Systems Including a Digital Database of Geochemical Analyses
of Seafloor Polymetallic Sulfides.
38 Hannington, M. et al, 2005. Economic Geolology 100th Anniversary Volume,
111–141.
39 Hannington, M. et al, 2010. Society of Econonic Geolologists Special
Publication, 15: 317–338.
40 Blue Mining Project. Accessed at http://www.bluemining.eu
41 Hein, J.R. and Koschinsky, A., 2013. Deep-ocean ferromanganese crusts and
nodules. In: Treatise on Geochemistry (Ed.: Scott, S.), Elsevier Inc., 273–291.
42 Cronan, D. and Tooms, J., 1969. Deep Res, 16: 335–359.
43 Hein, J. et al, 2010. Oceonography, 23: 184–189.
44 Hein, J. et al, 2000. Cobalt-rich ferromanganese crusts in Pacific. In: Handbook
of Marine Mineral Deposits (Ed.: Cronan, D.), CRC Press, 239–279.
45 Hein, J. et al, 2003. Geochimica Cosmochimica Acta, 67: 1117–1127.
46 ECORYS, 2014. Study to investigate the state of knowledge of deep-sea
mining. Final Report under FWC MARE/2012/06 - SC E1/2013/04.
47 Jankowski, P. et al, 2010. Offshore Production System Definition and Cost
Study.
48 Mr Christopher Williams, Dr. Jonathan Chow and Dr. Ralph Spickermann,
UKSR: Personal communication.
49 Dr. Jeremy Spearman, Dr. Mark Lee and Mr Tom Matthewson, HR
Wallllingford: Personal communication.
50 Dr. Stefan Kapusniak, Soil Machine Dynamics: Personal communication.
51 Wynn, R.B. et al, 2014. Marine Geolology, 352: 451–468.
52 Ramirez-Llodra, E. et al, 2010. Biogeosciences, 7: 2851–2899.
53 Mace, G.M. et al, 2012. Trends in Ecolology & Evolution, 27: 19–26.
54 UNEP, 2007. Deep-sea Biodiversity and Ecosystems: A scoping report on their
socio-economy, management and governance.
55 Rogers, A. et al, 2014. The High Seas and Us: Understanding the Value of
High-Seas Ecosystems.
56 Thurber, A. et al, 2014. Biogeosciences, 11: 3941–3963.
57 German, C.R. et al, 2010. Proceedings of the National Academy of Sciences
USA, 107: 14020–14205.
58 Dr. James Hein, U.S. Geological Survey: Personal communication.
59 Mr Michael Lodge, International Seabed Authority: Personal communication.

Page 5

60 ISA, 2010. A Geological Model of Polymetallic Nodule Deposits in the Clarion
Clipperton Fracture Zone, Technical Study: No. 6.
61 ISA LTC, 2011. Environmental Management Plan for the Clarion-Clipperton
Zone.
62 Nautilus Minerals Niugini Limited, 2008. Environmental Impact Statement:
Nautilus Minerals Niugini Limited, Solwara 1 Project, Volume A: Main Report.
63 Nautilus Minerals Inc., 2012. Nautilus Minerals Inc. Annual Report 2012.
64 Luick, J., 2012. Physical Oceanographic Assessment of the Nautilus EIS for the
Solwara 1 Project.
65 Trueman, C. et al, 2014. Proceedings of the Royal Society B: Biological
Sciences, 281
66 Danovaro, R., 2012. Extending the approaches of biodiversity and ecosystem
functioning to the deep ocean. In: Marine Biodiversity and Ecosystem
Functioning: Frameworks, Methodologies and Integration (Ed.: Solan, M. et al),
Oxford University Press, Oxford, 115–126.
67 Snelgrove, P. and Smith, C., 2002. Oceonography and Marine Biolology: An
Annual Review, 40: 311–342.
68 Appeltans, W. et al, 2012. Current Biology, 22: 2189–2202.
69 Mace, G., 2004. Philosophical Transactions of the Royal Society B: Biological
Sciences, 359: 711–719.
70 Ahnert, A. and Borowski, C., 2002. Journal of Aquatic Ecosysten Stress and
Recover, 7: 299–315.
71 Popper, A. et al, 2014. Sound Exposure Guidelines for Fishes and Sea Turtles:
A Technical Report Prepared by ANSI-Accredited Standards Committee
S3/SC1 and Registered with ANSI.
72 NOAA, 2013. Draft Guidance for Assessing the Effects of Anthropogenic Sound
on Marine Mammals: Acoustic Threshold Levels for Onset of Permanent and
Temporary Threshold Shifts.
73 The Crown Estate, 2013. Aggregate Dredging and the Marine Environment: An
overview of recent research and current industry practice.
74 Dr. Adrian Glover, Natural History Museum: Personal communication.
75 Koschinsky, A. et al, 2003. International Review of Hydrobiology, 88: 102–127.
76 Mr Daniel Brutto, Marine Ecological Surveys Limited: Personal communication.
77 Van Dover, C., 2000. The Ecology of Deep-Sea Hydrothermal Vents, Princeton
University Press, Princeton, US.
78 Marsh, A.G. et al, 2001. Nature, 411: 77–80.
79 Copley, J., 2014. Mining at Deep-sea Vents: What are potential impacts on
marine life?
80 Chen, C. et al, 2015. Journal of Molluscan Studies, Advanced Access.
81 Teixeira, S. et al, 2012. PLoS ONE, 7(6): e38521.
82 Glover, A. et al, 2001. Deep-Sea Research Part I, 48: 217–236.
83 Smith, C. and Demopoulos, A., 2003. Ecology of the Deep Pacific Ocean Floor.
In: Ecosystems of the World, Volume 28: Ecosystems of the Deep Ocean (Ed.:
Tyler, P.), Elsevier, Amsterdam, 179–218.
84 Mullineaux, L.S., 1987. Deep-Sea Research, 34: 165–184.
85 Bussau, C. et al, 1995. Vie et Milieu, 45: 39–48.
86 Glover, A.G. et al, 2002. Marine Ecology Progress Series, 240: 157–170.
87 Janssen, A. et al, 2015. PLoS ONE, 10(2): e0117790.
88 Jennings, R.M. et al, 2013. PLoS ONE, 8(10): e77594.
89 Koslow, J., 1996. Journal of Fish Biology, 49: 54–74.
90 Mace, P. et al, 1990. New Zealand Journal of Marine and Freshwwater
Research, 24: 105–119.
91 Clark, M., 2001. Fisheries Research, 51: 123–135.
92 De Forges, B. et al, 2000. Nature, 405: 944–947.
93 Rowden, A.A. et al, 2010. Marine Ecology, 31 (Suppl. 1): 226–241.
94 UN General Assembly, 2015. Development of an International Legally-binding
Instrument under the United Nations Convention on the Law of the Sea on the
Conservation and Sustainable use of Marine Biological Diversity of Areas
Beyond National Jurisdiction.
95 Managing Impacts of Deep Sea Resource Exploitation. http://www.eu-midas.net
96 International Network for Scientific Investigation of Deep-Sea Ecosystems.
Accessed at http://www.indeep-project.org
97 European Multidisciplinary Seafloor & Water Column Observatory. Accessed at
http://www.emso-eu.org
98 Thiel, H. et al, 2001. Deep-Sea Research Part II, 48: 3869–3882.
99 Fukushima, T., 1995. Proceedings of the ISOPE - Ocean Mining Symposium,
21-22 November, Tsukuba, Japan. 47–53.
100 Sharma, R., 2001. Deep-Sea Research Part II, 48: 3295–3307.
101 Bluhm, H., 2001. Deep-Sea Research Part II, 48: 3841–3868.
102 Mengerink, K.J. et al, 2014. Science, 344: 696–698.
103 Barbier, B. et al, 2014. Nature, 505: 475–477.
104 WWF-UK, 2014. The Deep-Sea Mining Private Members Bill: Report Stage
Briefing.
105 Copley, J., 2014. Shedding Some Light on the International Seabed Authority.
106 Lee, M. et al, 2010. WODCON XIX, 1–26.
107 CEDA, 2015. CEDA Information Paper. Environmental Monitoring Procedures.

