
The deep-sea  f ron t ie r

6. Sustainable use of deep-sea resources

Economics
The im portant life support functions of marine 
ecosystem s are increasingly recognised as part of the 
global ecosystem , while deep-sea ecosystem s goods 
and services are of growing econom ic significance. The 
potentially vast reservoir of renewable and non­
renewable resources present in European and 
international deep waters have received renewed 
attention in the past decade. Established industries 
such as fisheries and hydrocarbon extraction have 
moved rapidly and steadily downslope as shallower and 
more accessib le resources becom e depleted. Deep- 
sea fisheries and oil and gas exploration now occur in 
depths below 2000m, while em erging industries such 
as blue biotechnology -  obtain ing useful products 
through the exploitation of deep-sea genetic 
biodiversity -  are not lim ited by depth.

New deep-water fisheries may still be developing on a 
global scale, but in the North A tlantic som e have been 
explo ited for a century or more, or developed over the 
last 30-40 years. Scope for further growth appears to 
be lim ited as it is c lear tha t the life history 
characteristics of deep-sea fish are unsuited to 
industrial harvest. Deep-water traw ling is particularly 
problem atic as it leaves a large environm ental footprint, 
especially where fishing occurs in areas of vulnerable 
habitat such as cold-water coral reefs.

In contrast, extraction of energy from the oceans will 
rise dram atically in the com ing decades. Oil and gas 
exploitation in deep waters will continue to increase 
over the next 20 years as higher prices make deeper 
exploitation econom ically viable. Gas hydrate deposits 
may provide a new source of energy and research into 
renewable ocean energies, such as wave, geotherm al 
and ocean-therm al sources, is gaining importance. In 
tandem  with the exploitation of new reserves comes 
increased pressure to actively remove fossil fuel- 
derived greenhouse gases from the atm osphere. In the 
future the deep sea may be used as a reservoir fo r the 
sequestration of CO 2 , thus providing capital in the 
potentially lucrative carbon trading market.

The num ber of existing and planned large deep-sea 
infrastructure projects is set to expand in the near 
future due to an increase in the installation of 
subm arine cables, oil and gas pipelines, sub-sea 
production platform s and cabled ocean observatories. 
This will create opportunities for innovation as the major 
technological and engineering challenges are met and 
overcom e. These developm ents can be drivers of new 
surveys, maintenance, m onitoring and reduced

environm ental im pact engineering products and 
m ethodologies. The provision of inform ation and 
com m unication technology (ICT) infrastructure for 
cabled observatories and sub-sea platforms will 
sim ilarly drive innovation in mass data storage and 
processing, sensors and autonom ous platform 
technologies.

The Lisbon Agenda sets out the European Union’s 
strategy for com petitiveness, growth and employment. 
Therefore, a key driver o f research and developm ent in 
the deep sea over the next 5 to 10 years will be to fulfill 
the vision, in the marine context, tha t the European 
Union will become, 'the m ost dynam ic and com petitive  
know ledge-based econom y in the world, capable o f  
susta inable econom ic growth with m ore and be tte r jo b s  
and grea te r socia l cohesion, and respect fo r the 
environm ent’. The recent Green Paper T ow ards  a 
M aritime Policy for the European Union’ clearly 
articulates tha t any future European M aritime Policy will 
fully contribute to the Lisbon Agenda by explo iting the 
econom ic potential of the oceans and seas in harmony 
with the marine environm ent. This requires research to 
better understand the effects of climate change, 
im prove the com petitiveness of European maritime 
industry, and im prove the groundwork for the 
im plem entation of an ecosystem -based m anagem ent 
approach that will ensure environm entally susta inable 
econom ic developm ent on a regional basis. Research 
underpinning the developm ent of new susta inable 
m anagem ent policies and practices, experience of 
susta inable exploitation of offshore resources, and the 
knowledge capital these represent, w ill create 
opportunities for Europe to provide leadership in the 
global economy.

Environment
The current and anticipated econom ic activity in deep- 
sea areas of European and in ternational waters 
described above does not com e w ithout a price. 
A lready there is much evidence of dam age to fragile 
deep-water corals and other vulnerable habitats by 
trawling. It is likely tha t the m ultiplicity o f anticipated 
future activities will lead to user conflicts requiring the 
developm ent of new decision-m aking processes. To 
address these issues, data m ust be integrated from 
different sources, including oceanographic, 
geophysical, geological, sedim entary, hydrological, 
biological, m icrobiological, social, econom ic and legal 
studies. Assessm ents of the im pact of different 
m anagem ent strategies on the resource base, the
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Environm ental targets and indicators to attain and 
maintain good environm ental status need to be set, and 
regional m onitoring and assessm ent program mes 
im plem ented. This will require selection of new 
indicators and repeated observations at long-term 
reference sites w ith suffic ient geographic spread to 
separate natural and/or clim atic changes from local 
anthropogenic effects.

environm ent, and on socio-econom ics will be needed. 
This will require the developm ent of new dynam ic 
ecosystem  m anagem ent scenario m odels and indicator 
fram eworks.

Figure 6.1: Map showing proposed eco-regions fo r implementation o f 
an ecosystem  approach in European waters (Source: ‘ICES response  
to EC request fo r information and advice about appropriate ecoregions  
fo r the im plementation o f an ecosystem  approach in European w aters’. 
ICES A dvisory Paper, pp. 1-27.)

Som e of this w ork  is already underway in the deep sea 
where, fo r the first time, large integrated projects such 
as HERM ES are beginning to build the foundation for a 
better understanding of continental margin and deep- 
sea ecosystem s at the European scale. This is being 
achieved through the fledgling integration of natural and 
social sciences and the developm ent of broadly 
applicable prototypic m anagem ent tools such as the 
HERM ES G eographic Inform ation System.

The recently published European Com m ission 
T hem a tic  S trategy on the Protection and Conservation 
of the Marine Environm ent’ is one of seven them atic 
strategies resulting from  the Sixth Environm ental Action 
Programme. The objective of the Strategy is ‘to pro tect 
and restore Europe 's oceans and seas and ensure that 
hum an activities are carried out in a susta inable  
m anner so that current and future generations en joy  
and benefit from b io log ica lly  diverse and dynam ic  
oceans and seas that are safe, clean, healthy and  
productive ’. The Marine Strategy will constitute the 
environm ental pillar of the future European Maritime 
Policy.

The Marine Strategy sets out the broad objective of 
achieving good environm ental status in the marine 
domain by 2021 via a num ber of in term ediate 
m ilestones. Im plem entation of the Marine Strategy will 
require regional environm ent quality assessm ent and 
the definition of ‘good’ environm ental status.

The application of the Marine Strategy is in tended to go 
beyond Europe’s ocean and seas, as indicated by the 
statem ent tha t ‘while the S trategy is p rim arily  focused  
on the pro tection o f the reg iona l seas bordered by  EU  
countries, it also takes into account the in ternationa l 
dim ension in recognition o f the im portance o f reducing  
the EU 's footprint in m arine areas in o ther parts  o f the 
world, includ ing the H igh Seas’. In addition to fish ing in 
international waters, it is likely tha t a num ber of EC 
M em ber States will becom e increasingly involved in 
deep-sea mineral m ining and bio-prospecting in the 
High Seas.

Socio-economic, sustainable 
management and governance issues
The Marine Strategy acknow ledges the deteriorating 
state of Europe’s marine environm ent, the inadequacy 
of the present institutional fram ew ork for the 
m anagem ent of the seas, and the insufficiency of the 
knowledge base. It stresses tha t ‘a new  approach to 
m arine m onitoring and assessm ent and the use o f 
scientific in form ation is required across the different 
levels o f governance which should identify and fill 
know ledge gaps, reduce duplicated data collection and  
research, and prom ote the harm onisation, broad  
dissem ination and use o f m arine science and data ’ .

Despite som e progress in projects such as HERMES, 
m ost of the advances in our understanding of the deep 
ocean com e from the natural sciences, and socio­
econom ic research is lagging behind. To better grasp 
the societal and econom ic im plications of human 
interactions w ith deep-sea ecosystem s and achieve 
susta inable use and conservation of deep sea 
biodiversity, more research on socio-econom ic and 
governance issues related to ecosystem s needs to be 
carried out and integrated w ith the natural sciences.

This has an equally im portant international dimension. 
In February 2006, the UN’s ‘Ad Hoc O pen-ended 
Informal W orking G roup’ studying issues related to the 
conservation and susta inable use of marine biological 
diversity beyond areas of national ju risd ic tion ’ stressed 
that ‘ach ieving susta inable use and explo itation o f  
m arine resources ca lled fo r fu rther studies and greater
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understand ing o f conservation, use and im pacts ’ . They 
proposed that 'the value o f m arine ecosystem s and  
resources be fu rther stud ied and taken into account in 
po licy  and decision m aking ’, and noted ‘that the 
econom ic benefits derived from the protection and use  
o f m arine b io log ica l diversity in areas beyond national 
ju risd ic tion  needed further study’. This fits well w ith the 
goals of the Marine Strategy.

Developm ent of an integrated European ocean 
m anagem ent strategy in support o f the M aritime Policy 
and im plem entation o f the Marine Strategy will require, 
am ongst others, the fo llow ing advances:

■ a better understanding of the physical character of 
margin processes;

■ an overview  of margin processes;
■ preparation of m argin-w ide resource inventories 

(GIS);
■ socio-econom ic studies exam ining the multiple use 

of offshore resources;
■ assessm ent of climate change related econom ic 

stress factors and new opportunities;
■ a review of policy options for integration of 

European m aritime governance;
■ planning of projects and funds to meet operational 

and basic research program me requirements;
■ developm ent of in tegrated enforcem ent and 

com pliance capabilities;
■ establishm ent of m onitoring and evaluation 

programmes;
■ increased public awareness of the value of offshore 

resources and the need for integrated m anagement.

Deep-water fisheries
Europe’s fish ing production am ounted to 8% of world 
production in 2004. Deep-water fisheries on upper 
continental slopes, in deep shelf troughs, and on 
seam ounts, ridges and island slopes in the open ocean 
am ount to a relatively small portion of this total. In 
continental slope waters, these fisheries explo it 
resources from about 400m  depth and beyond, but few  
fisheries operate deeper than about 2000m. M ost deep- 
w ater fish species are long-lived, s low-grow ing, have a 
low reproductive capacity and are adapted to live in an 
ecosystem  of low energy turnover in which major 
environm ental changes occur infrequently. Deep-water 
fishery resources are, therefore, highly vulnerable to 
exploitation. Deep-water habitats are also sensitive and 
in need of protection.

Figure 6.2: The com m ercia lly-exploited m onk fish, Lophius sp., p ictured  
am ongst coral in water depths o f 800m o ff the w est coast o f  Ireland. 
Image courtesy Ifremer.

Experience in the South Pacific and elsewhere has 
shown tha t som e deep-water fish stocks can be 
depleted quickly and recovery can be very slow. In 
m ost cases, reliable inform ation on stock identity, 
status and fisheries production potential has 
considerably lagged behind exploitation. In the NE 
A tlantic this concern has been exacerbated by the fact 
tha t until 2003 m ost fisheries were com plete ly 
unregulated. As far back as 1998, the International 
Council for the Exploration o f the Sea (ICES) 
considered m ost deepwater species as ‘outside safe 
biological lim its’ - in other words, show ing signs of 
being heavily explo ited or overexploited.

The historical analyses of trends in catch, landings and 
fishing effort is ham pered by the lack of basic data from 
many areas, and m ost data are not available on a 
geographic and tem poral scale appropriate fo r detailed 
studies. Traditional s tock assessm ent techniques 
cannot readily be applied, and there are few  
alternatives to using very sim ple fisheries-based 
analyses. It has also proven difficu lt to docum ent the 
true scale of im pacts by fisheries on vulnerable 
invertebrate com m unities such as corals and sponge 
beds.

Despite incom plete knowledge, national and 
international m anagem ent authorities have now 
recognised the need for action and various m easures 
have been im plem ented by the EC, countries outside 
the EU, NE AFC and OSPAR. The 2006 United Nations 
General Assem bly A61/L38 addressing susta inable 
fisheries called upon fisheries m anagem ent 
organisations to i) access the degree to which bottom 
fishing activities significantly im pact vulnerable marine 
ecosystem s, ¡i) identify vulnerable ecosystem s and 
where they occur through im proved scientific  research
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and data collection, and iii) close such areas to bottom 
fishing unless conservation and m anagem ent 
measures have been established to prevent significant 
adverse im pacts on the ecosystem s.

The science com m unity is faced w ith the challenge of 
analysing the effects of factors such as landings, quota 
system s, area closures, effort and gear regulations, 
often w ithout suffic ient inform ation to carry out these 
assessm ents and give well-founded advice in support 
of ecosystem  based-m anagem ent of fisheries. In 
addition, the term ‘ecosystem  based’ is ill-defined. W hat 
is implied is tha t the im plem entation of any 
m anagem ent system  should not only m anage fisheries 
and the target resources, but also avoid lasting 
destruction of the biotic and abiotic environm ent in 
which the resources live.

Oil and gas exploration
Despite the challenges of offshore ocean exploration, 
exploitation and monitoring, som e 35% of global oil 
production and 27%  of gas production is from offshore 
areas. S ince fossil hydrocarbon resources are 
predicted to last for at least another fifty years, the 
industry will continue to invest in infrastructure and new 
techniques for optim ised exploitation, leading to more 
and enhanced underwater facilities. In the future, it is 
likely tha t the huge fixed rigs used today will be 
increasingly replaced by floating production platforms 
and sm aller-sca le sub-sea production technology 
deployed directly on the seabed, s im ilar to those 
already in existence on the Norwegian margin and in 
the G ulf of Mexico.

Figure 6.3: Deep-water o il and gas production platform  and  
infrastructure (image courtesy Statoil).

U nderwater platforms, wells, and pipelines will be 
equipped with sensors providing continuous data 
transm ission describ ing operational status. This should 
lead to a reduced need for large ships and m anpower

at sea and a concom itant reduction in the pollution risk 
and hazards relating to large platform operation. The 
control and operation o f the facilities will be possible 
from land as dem onstrated by a num ber o f existing and 
near-operational system s. These integrated system s 
are currently a hot top ic in the petroleum industry. Most 
operators have built onshore operation support centers 
for real-time optim isation of drilling operations and 
production. Real-tim e onshore m onitoring and control of 
wells and offshore processing are likely ingredients of 
the subsea-to-shore concepts in the future. Increasing 
the num ber of such platform s will lead to the creation of 
new power and data cable networks along continental 
margins.

These developm ents will open up new possib ilities for 
cooperation between the petroleum industry and 
ecological research. It may be possible to integrate 
hydrocarbon field developm ent with cabled seafloor 
observatories. As the petroleum industry moves to 
deeper waters and higher latitudes, online m onitoring 
around underwater platform s and pipelines using state- 
of-the-art sensor and instrum ent system s is possible. 
This can be achieved through close collaboration 
between the petroleum industry and the European 
science community.

O f course, w ith this expansion of offshore exploration 
and developm ent com es increased opportunities for 
conflict w ith other resource users, as well as 
environm ental concerns related to potential oil spills 
and other pollution. It is up to resource m anagers to 
balance these conflicting uses with conservation 
priorities. The oil and gas industry are eager to im prove 
the science and m ethodologies used in regional 
strateg ic (SEA) and local environm ental im pact (EIA) 
risk assessm ents. The industry may also have a role to 
play in regional m onitoring in itiatives developed to 
underpin the Marine Strategy.

Seafloor mining
The ocean covers 71%  of the surface of the earth and 
60%  of the floor of the ocean lies deeper than 2000 m. 
This huge area remains relatively unexplored. Scientific 
investigations during the last 30 years have revealed 
various types of mineral concentrations tha t are only 
now becom ing the focus of econom ic interest. Seafloor 
mineral resources may one day be critical fo r society to 
meet its future needs as many of the large, easy to find 
and highly concentrated mineral reserves on land have 
already been mined out. An exam ple is copper ore, 
where the average grade mined on land has decreased 
from 3 to 0.5 % in less than a century. An im m ediate 
consequence of this reduction in ore quality is an
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increase in extractive energy costs and the 
environm ental foo tprin t required to extract the metal. In 
contrast, marine seafloor deposits such as polym etallic 
sulphides, are extrem ely rich in metals. Thus, even 
though deposits may be so small tha t they would never 
be mined on land, the expense associated with moving 
from one deposit to another at sea using ship-based 
operations would be much less than on land.

Ocean m ining of various mineral resources therefore 
has enorm ous econom ic potential. Equally, there is 
considerable potential fo r environm ental impact. A  
num ber of European countries are involved in the 
fledgling developm ent o f the industry and the 
establishm ent of environm ental best practice. As most 
of the potentially explo itable resources lie within the 
EEZ of non-European countries or in international 
waters, a key issue is the developm ent of legislation to 
regulate the industry. The International Seabed 
Authority (ISA) has started to develop specific

regulations for explo iting polym etallic sulph ides in the 
High Seas, and in 2001 the International Marine 
M ineral Society produced a ‘Code for Environm ental 
M anagem ent for Marine M in ing’ .

Our known supply of m inerals will be exhausted early in 
the third m illennium. W e are now reaching the lim its of 
reserves for many minerals. Unsustainable 
consum ption rates, human population growth and the 
rapid industria lisation of highly populated countries 
(e.g., China, India and Brazil) result in the depletion of 
available resources at increasing rates. The higher 
dem and for metal has im pacted metal prices - for 
example, the prices of steel, copper and zinc have 
increased by several hundred percent in the last three 
years. Marine m ining will becom e a reality this century. 
The oceans in this context are a major resource for 
mankind, which are ye t to be explored and explo ited to 
the ir full potential.

Sediment
Volcanic rock

Figure 6.4. Left: Active sm okers in the Lau Basin Sl/V Pacific. Chimneys on the left are prim arily made zinc and copper sulfides with high gold  
concentration. R ight: Ferrom anganese crusts dredged from the French Polynesia area (Images courtesy IFREMER).

Type Location Com modity Depth Mining
status

Economic
interest

Salt Coastal Salt Shore Operational Moderate
Sand and gravels Beach, shallow water Aggregates Shallow Operational High
Marine placer Beach, shallow water Tin, gold, chromium, 

zirconium, Rare Earth 
Elements, titanium

Shallow Operational Moderate

Diamonds Coastal Diamonds < 250 m Operational High
Phosphates Shallow water and 

seamounts
Phosphate Shallow to medium 

depth
Non
operational

Low

Nodules Deep Ocean Copper, cobalt, nickel 4500m to 5500 m Potential
resources

Moderate

Manganese crust Intraplate seamounts Cobalt, copper, platinum 1000m to 2500m Potential
resources

Moderate

Deep-sea sulphides Volcanic ridges Copper, zinc, silver, gold, 
cobalt, lead

1000 to 4000m Potential
resources

High

Table 6.1: Sum m ary o f the principa l types o f m ineral resources in the oceans. Compositions vary greatly depending on the geological setting. M ost 
operational m ining is in shallow  water. Recent advances in industria l capability have increased the potentia l econom ic interest o f  deep-sea 
mineralisation.
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Key scientific questions

■ W hat is the socio-econom ic im portance of deep sea biodiversity and the im pact o f human activities on it?

■ W hat are the key econom ic and valuation issues, and w hat are the socio-econom ic drivers of change?

■ W hat are the governance principles tha t are key in decision-m aking, and can we develop better policy 
instrum ents and appropriate m anagem ent too ls? How can we assess the ir effectiveness?

■ Can we provide the scientific knowledge necessary to underpin the developm ent of tools supporting an 
ecosystem -based m anagem ent strategy?

■ How can we im prove the science-policy interface?

Key recommendations

■ A ssess deep-sea ecosystem  goods and services, including provisioning services (food, raw material, fuel etc.), 
regulating services (clim ate regulation, disease regulation etc.), cultural services (recreational, aesthetic, 
spiritual etc.), supporting services (nutrient cycling, prim ary production etc.).

■ Catalogue the human activities having a direct or indirect im pact on marine biodiversity, in particular in 
sensitive habitats such as deep-water corals, seam ounts, hydrotherm al vents and cold seeps.

■ Carry out m onetary and non-m onetary socio-econom ic valuations addressing non-m arket and non-use values. 
A ssess costs and benefits (including restoration costs) and addressing the issue of d iscounting (long term 
benefits vs. short term costs). A ssess the loss of value due to biodiversity loss, and develop m ulticriteria 
analyses to underpin strategies for the conservation and susta inable use of deep-sea biodiversity.

■ Strengthen European expertise in socio-econom ics and governance research on the deep sea.

■ Provide support fo r dem ocratic decision making underpinning marine spatial planning.

■ Improve data sharing through integrated and long-term  m anagem ent of industry, governm ent and margin 
research and environm ental databases in line with the INSPIRE directive. Further develop G eographic 
Inform ation System tools, standard ise m etadata cata loguing and im prove data visualisation m ethods to 
im prove data access.

■ Study past and present flee t dynam ics and behaviour, at the finest possible geographical and tem poral scale.

■ Develop jo in t oil and gas industry/research/governm ent approaches to maxim ise the potential of cabled 
network on a regional basis.

■ Involve industry in long-term  ecosystem  and environm ental monitoring, and at an early stage in Strategic 
Environm ental Assessm ent exercises. Update industry environm ental (risk) assessm ent and m onitoring 
protocols.

■ Develop a European deep-sea mining strategy to ensure future autonom y of metal supply. Close the 
technological gap existing between Europe and countries such as USA, Japan and Russia.

■ Co-ordinate at a European level, M em ber State science and exploration in international waters in relation to 
mineral explo itation and assessm ent of environm ental impact.

■ Develop the support in frastructure (e.g., ships) and technolog ies necessary to recover metal deposits from the 
seafloor on a com m ercial scale. Encourage the developm ent of specific technolog ies tha t have minimal 
environm ental im pact w hen m ining ore deposits in the deep ocean.
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